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ɺɺɽɼɽʅʀɽ 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʆʜʥʦʡ ʠʟ ʮʝʥʪʨʘʣʴʥʳʭ ʧʨʦʙʣʝʤ ʚ ʩʬʝʨʝ ʨʝʘʣʠʟʘʮʠʠ ʤʠʨʦʚʦʡ 

ʢʦʥʮʝʧʮʠʠ ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʟʚʠʪʠʷ, ʚ ʯʘʩʪʠ, ʧʦʩʚʷʱʸʥʥʦʡ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ ʠ 

ʵʢʦʣʦʛʠʠ, ʷʚʣʷʝʪʩʷ ʚʳʚʝʜʝʥʠʝ ʠʟ ʧʨʠʨʦʜʥʳʭ ʩʨʝʜ ʠ ʪʝʭʥʦʛʝʥʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ 

ʩʪʦʡʢʠʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʟʘʛʨʷʟʥʠʪʝʣʝʡ (ʉʆɿ). ʉʦʛʣʘʩʥʦ ʉʪʦʢʛʦʣʴʤʩʢʦʡ 

ʢʦʥʚʝʥʮʠʠ çʆ ʩʪʦʡʢʠʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʟʘʛʨʷʟʥʠʪʝʣʷʭè (2001 ʛ), 

ʧʦʣʠʭʣʦʨʠʨʦʚʘʥʥʳʝ ʙʠʬʝʥʠʣʳ (ʇʍɹ) ʚʢʣʶʯʝʥʳ ʚ ʩʧʠʩʦʢ ʉʆɿ ʠ ʟʘʧʨʝʱʝʥʳ 

ʢ ʧʨʦʠʟʚʦʜʩʪʚʫ ʠ ʧʨʠʤʝʥʝʥʠʶ ʢʘʢ ʦʩʦʙʦ ʦʧʘʩʥʳʝ ʜʣʷ ʞʠʚʦʪʥʳʭ ʠ ʯʝʣʦʚʝʢʘ 

ʩʦʝʜʠʥʝʥʠʷ, ʘ ʠʭ ʟʘʧʘʩʳ ʜʦʣʞʥʳ ʙʳʪʴ ʫʥʠʯʪʦʞʝʥʳ ʜʦ 2028 ʛ (Final act..., 

2001). ʈʦʩʩʠʷ ʧʨʠʥʷʣʘ ʥʘ ʩʝʙʷ ʦʙʷʟʘʪʝʣʴʩʪʚʘ ʧʦ ʚʳʧʦʣʥʝʥʠʶ ʧʦʣʦʞʝʥʠʡ 

ʉʪʦʢʛʦʣʴʤʩʢʦʡ ʢʦʥʚʝʥʮʠʠ ʚ 2011 ʛ (ʌɿ ʦʪ 27.06.2011 ˉ 164-ʌɿ). 

ʇʦ ʭʠʤʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʝ ʇʍɹ ʚʭʦʜʷʪ ʚ ʢʣʘʩʩ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ, 

ʩʦʜʝʨʞʘʱʠʭ ʚ ʤʦʣʝʢʫʣʝ ʜʚʘ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʢʦʣʴʮʘ, ʥʘ ʢʦʪʦʨʳʭ ʚ ʢʘʯʝʩʪʚʝ 

ʟʘʤʝʩʪʠʪʝʣʝʡ ʨʘʩʧʦʣʦʞʝʥʳ ʘʪʦʤʳ ʭʣʦʨʘ ʚ ʢʦʣʠʯʝʩʪʚʝ ʦʪ 1 ʜʦ 10 (Erickson, 

Kaley, 2011). ɺʩʝʛʦ ʚ ʛʨʫʧʧʫ ʭʣʦʨʠʨʦʚʘʥʥʳʭ ʙʠʬʝʥʠʣʦʚ ʚʭʦʜʷʪ 

209 ʢʦʥʛʝʥʝʨʦʚ (ʩʦʝʜʠʥʝʥʠʡ, ʠʤʝʶʱʠʭ ʚ ʩʚʦʝʡ ʦʩʥʦʚʝ ʦʜʠʥʘʢʦʚʫʶ 

ʭʠʤʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ, ʥʦ ʦʪʣʠʯʘʶʱʠʭʩʷ ʢʦʣʠʯʝʩʪʚʦʤ ʠ ʧʦʣʦʞʝʥʠʝʤ 

ʟʘʤʝʩʪʠʪʝʣʝʡ ʚ ʤʦʣʝʢʫʣʝ). ɿʘ ʧʝʨʠʦʜ ʠʭ ʧʨʦʠʟʚʦʜʩʪʚʘ (1930-1980-ʝ ʛ), 

ʧʦ ʨʘʟʥʳʤ ʧʦʜʩʯʝʪʘʤ, ʙʳʣʦ ʚʳʧʫʱʝʥʦ ʙʦʣʝʝ 1.5 ʤʣʥ ʪʦʥʥ, ʠʟ ʢʦʪʦʨʳʭ ʥʝ 

ʤʝʥʝʝ 10% ʥʘʭʦʜʷʪʩʷ ʚ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ. ɺ ʢʦʤʤʝʨʯʝʩʢʠʭ ʮʝʣʷʭ ʇʍɹ 

ʧʨʦʠʟʚʦʜʠʣʠʩʴ ʚ ʚʠʜʝ ʩʤʝʩʝʡ, ʩʦʜʝʨʞʘʱʠʭ ʦʪ 40 ʜʦ 70 ʢʦʥʛʝʥʝʨʦʚ, ʧʦʜ 

ʨʘʟʣʠʯʥʳʤʠ ʪʦʨʛʦʚʳʤʠ ʤʘʨʢʘʤʠ. ʊʘʢ ʚ ʉʐɸ ʩʤʝʩʠ ʇʍɹ ʥʦʩʠʣʠ ʪʦʨʛʦʚʦʝ 

ʥʘʟʚʘʥʠʝ Aroclor, ʚ ɻʝʨʤʘʥʠʠ ï Klophen, ʚ ʏʝʭʠʠ ï Delor, ʚ ʈʦʩʩʠʠ ï ʉʦʚʦʣ ʠ 

ʊʨʠʭʣʦʨʙʠʬʝʥʠʣ, ʚ ʗʧʦʥʠʠ ï Kaneclor (Murinov§, Dercov§, 2014; Reddy et al., 

2019; Devi, 2020). 

ʇʍɹ ʥʝʩʫʪ ʫʛʨʦʟʫ ʥʦʨʤʘʣʴʥʦʤʫ ʩʫʱʝʩʪʚʦʚʘʥʠʶ ʵʢʦʩʠʩʪʝʤ, ʚʳʟʳʚʘʶʪ 

ʪʷʞʝʣʳʝ ʟʘʙʦʣʝʚʘʥʠʷ ʞʠʚʳʭ ʦʨʛʘʥʠʟʤʦʚ ʠ ʘʢʢʫʤʫʣʠʨʫʶʪʩʷ ʚ ʚʝʨʭʥʝʤ ʟʚʝʥʝ 

ʧʠʱʝʚʦʡ ʮʝʧʠ ʚ ʟʥʘʯʠʪʝʣʴʥʦʤ ʢʦʣʠʯʝʩʪʚʝ. ʇʨʠ ʵʪʦʤ ʯʘʩʪʴ ʢʦʥʛʝʥʝʨʦʚ ʇʍɹ 

ʧʦ ʩʚʦʝʡ ʪʦʢʩʠʯʥʦʩʪʠ ʧʨʝʚʦʩʭʦʜʷʪ ʪʘʢʠʝ ʦʧʘʩʥʳʝ ʉʆɿ ʢʘʢ 
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ʧʦʣʠʭʣʦʨʠʨʦʚʘʥʥʳʝ ʜʠʙʝʥʟʦʬʫʨʘʥʳ ʠ ʜʠʙʝʥʟʦ-ʜʠʦʢʩʠʥʳ (Reddy et al., 2019; 

Devi, 2020). ʇʍɹ ʫʩʪʦʡʯʠʚʳ ʢ ʚʦʟʜʝʡʩʪʚʠʶ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ, 

ʯʪʦ ʦʙʫʩʣʦʚʣʠʚʘʝʪ ʠʭ ʜʣʠʪʝʣʴʥʦʝ ʧʨʠʩʫʪʩʪʚʠʝ ʚ ʧʨʠʨʦʜʥʳʭ ʦʙʲʝʢʪʘʭ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʧʨʦʙʣʝʤʝ ʫʥʠʯʪʦʞʝʥʠʷ ʇʍɹ ʧʦʩʚʷʱʝʥʦ ʟʥʘʯʠʪʝʣʴʥʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʦʙʣʘʩʪʠ ʬʠʟʠʢʠ, ʭʠʤʠʠ ʠ ʙʠʦʣʦʛʠʠ, ʜʦ ʩʠʭ ʧʦʨ 

ʦʩʪʘʶʪʩʷ ʦʪʢʨʳʪʳʤʠ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʚʦʧʨʦʩʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʧʦʠʩʢʦʤ 

ʦʧʪʠʤʘʣʴʥʳʭ ʵʢʦʣʦʛʠʯʝʩʢʠ ʙʝʟʦʧʘʩʥʳʭ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠ ʮʝʣʝʩʦʦʙʨʘʟʥʳʭ 

ʤʝʭʘʥʠʟʤʦʚ ʫʜʘʣʝʥʠʷ ʇʍɹ ʠʟ ʧʨʠʨʦʜʥʳʭ ʠ ʪʝʭʥʦʛʝʥʥʳʭ ʦʙʲʝʢʪʦʚ. ʆʜʥʠʤ 

ʠʟ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʚ ʨʝʰʝʥʠʠ ʜʘʥʥʳʭ ʚʦʧʨʦʩʦʚ ʷʚʣʷʝʪʩʷ 

ʠʟʫʯʝʥʠʝ ʜʝʛʨʘʜʘʪʠʚʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʧʨʠʨʦʜʥʳʭ ʘʵʨʦʙʥʳʭ ʙʘʢʪʝʨʠʡ. 

ʇʍɹ, ʷʚʣʷʷʩʴ ʥʦʚʳʤ ʩʫʙʩʪʨʘʪʦʤ ʜʣʷ ʙʘʢʪʝʨʠʘʣʴʥʳʭ ʰʪʘʤʤʦʚ, 

ʩʧʨʦʚʦʮʠʨʦʚʘʣʠ ʵʚʦʣʶʮʠʶ ʤʝʪʘʙʦʣʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ ʢʣʝʪʢʝ 

ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʘʜʘʧʪʘʮʠʠ ʢ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʥʦʚʦʡ ʭʠʤʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ 

ʚ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ʧʠʪʘʥʠʷ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʨʘʟʣʦʞʝʥʠʝ ʇʍɹ ʫ ʘʵʨʦʙʥʳʭ 

ʙʘʢʪʝʨʠʡ ʠʜʝʪ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʘʙʦʣʠʯʝʩʢʦʛʦ ʧʫʪʠ ʪʨʘʥʩʬʦʨʤʘʮʠʠ 

ʥʝʟʘʤʝʱʝʥʥʦʛʦ ʙʠʬʝʥʠʣʘ (Pieper, 2005; Chang et al., 2013; Nam et al., 2014; 

Agull· et al., 2019; Jia et al., 2019). ɺʳʜʝʣʷʶʪ ʜʚʝ ʯʘʩʪʠ ʙʠʬʝʥʠʣʴʥʦʛʦ 

ʤʝʪʘʙʦʣʠʯʝʩʢʦʛʦ ʧʫʪʠ: ʚʝʨʭʥʶʶ ʠ ʥʠʞʥʶʶ. ɺ çʚʝʨʭʥʝʤè ʧʫʪʠ ʧʨʦʠʩʭʦʜʠʪ 

ʦʢʠʩʣʝʥʠʝ ʤʦʣʝʢʫʣʳ ʙʠʬʝʥʠʣʘ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʢʦʤʧʣʝʢʩʘ ʬʝʨʤʝʥʪʦʚ 

ʜʦ ʦʙʨʘʟʦʚʘʥʠʷ ʙʝʥʟʦʡʥʦʡ ʠ ʧʝʥʪʘʜʠʝʥʦʚʦʡ ʢʠʩʣʦʪ (Chang et al., 2013; 

Sharma et al., 2017; Agull· et al., 2019; Jia et al., 2019). ɼʘʥʥʳʡ ʧʫʪʴ 

ʢʦʜʠʨʫʝʪʩʷ bph-ʛʝʥʘʤʠ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʠʤʝʪʴ ʢʘʢ ʧʣʘʟʤʠʜʥʫʶ, ʪʘʢ ʠ 

ʭʨʦʤʦʩʦʤʘʣʴʥʫʶ ʣʦʢʘʣʠʟʘʮʠʶ (Pieper, 2005; Parales, Resnick, 2006; Field, 

Sierra-Alvarez, 2008; Su et al., 2019). ʇʝʨʚʠʯʥʘʷ ʘʪʘʢʘ, ʚ ʙʦʣʴʰʠʥʩʪʚʝ 

ʩʣʫʯʘʝʚ, ʦʙʫʩʣʦʚʣʝʥʘ ʘʢʪʠʚʥʦʩʪʴʶ ʬʝʨʤʝʥʪʦʚ ʢʣʘʩʩʘ ʜʠʦʢʩʠʛʝʥʘʟ. ɺʝʜʫʱʫʶ 

ʨʦʣʴ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʩʫʙʩʪʨʘʪʥʦʡ ʩʧʝʮʠʬʠʯʥʦʩʪʠ ʙʠʬʝʥʠʣ 2,3-ʜʠʦʢʩʠʛʝʥʘʟʳ 

ʚ ʦʪʥʦʰʝʥʠʠ ʢʦʥʛʝʥʝʨʦʚ ʇʍɹ ʠʛʨʘʝʪ ʩʪʨʦʝʥʠʝ Ŭ-ʩʫʙʲʝʜʠʥʠʮʳ ʠ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʢʦʜʠʨʫʶʱʝʛʦ ʝʝ ʛʝʥʘ bphA1 (Furukawa et al., 2004; Viger et 

al., 2012; Hoostal, Bouzat, 2016). ʅʘ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʦʪʩʫʪʩʪʚʫʶʪ 

ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʥʥʳʝ ʜʘʥʥʳʝ ʦ ʚʟʘʠʤʦʩʚʷʟʠ ʩʪʨʦʝʥʠʷ Ŭ-ʩʫʙʲʝʜʠʥʠʮʳ 
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ʙʠʬʝʥʠʣ 2,3-ʜʠʦʢʩʠʛʝʥʘʟʳ ʠ ʝʝ ʩʧʦʩʦʙʥʦʩʪʠ ʢ ʦʢʠʩʣʝʥʠʶ ʨʘʟʣʠʯʥʳʭ 

ʢʦʥʛʝʥʝʨʦʚ ʇʍɹ. çʅʠʞʥʠʡè ʧʫʪʴ ï ʦʢʠʩʣʝʥʠʝ ʙʝʥʟʦʡʥʦʡ ʠ ʧʝʥʪʘʜʠʝʥʦʚʦʡ 

ʢʠʩʣʦʪ ʩ ʫʯʘʩʪʠʝʤ ʨʘʟʣʠʯʥʳʭ ʛʨʫʧʧ ʬʝʨʤʝʥʪʦʚ (Chang et al., 2013; Murinov§ 

et al., 2014; Agull· et al., 2019). ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʚ ʰʪʘʤʤʘʭ-

ʜʝʩʪʨʫʢʪʦʨʘʭ ʧʨʝʜʩʪʘʚʣʝʥ ʣʠʙʦ çʚʝʨʭʥʠʡè, ʣʠʙʦ çʥʠʞʥʠʡè ʧʫʪʴ 

ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʙʠʬʝʥʠʣʘ (Pieper, 2005; Field, Sierra-Alvarez, 2008; Aken et al., 

2010). ʇʦʣʥʘʷ ʫʪʠʣʠʟʘʮʠʷ ʙʠʬʝʥʠʣʘ/ʇʍɹ ʚʦʟʤʦʞʥʘ ʧʨʠ ʥʘʣʠʯʠʠ 

ʚ ʤʠʢʨʦʙʠʦʮʝʥʦʟʝ ʥʝʩʢʦʣʴʢʠʭ ʙʘʢʪʝʨʠʘʣʴʥʳʭ ʰʪʘʤʤʦʚ, ʥʘʭʦʜʷʱʠʭʩʷ 

ʚ ʩʠʥʪʨʦʬʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʭ (Zhang et al., 2016). ʆʧʠʩʘʥʦ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʰʪʘʤʤʦʚ, ʦʩʫʱʝʩʪʚʣʷʶʱʠʭ ʨʘʟʣʦʞʝʥʠʝ ʧʦʣʠʭʣʦʨʠʨʦʚʘʥʥʳʭ 

ʙʠʬʝʥʠʣʦʚ ʜʦ ʩʦʝʜʠʥʝʥʠʡ ʦʩʥʦʚʥʦʛʦ ʦʙʤʝʥʘ ʢʣʝʪʢʠ (Arensdorf, Focht, 1995; 

Kim, Picardal, 2000; Park et al., 2001; Ilori  et al., 2008; Hatamian-Zarmi et al., 

2009).  

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʧʨʦʤʝʞʫʪʦʯʥʳʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ, ʦʙʨʘʟʫʶʱʠʤʠʩʷ ʚ ʭʦʜʝ 

ʙʘʢʪʝʨʠʘʣʴʥʦʡ ʜʝʩʪʨʫʢʮʠʠ ʇʍɹ, ʷʚʣʷʶʪʩʷ ʛʠʜʨʦʢʩʠʣʠʨʦʚʘʥʥʳʝ 

ʭʣʦʨʙʠʬʝʥʠʣʳ (Pieper, 2005). ʂʨʦʤʝ ʪʦʛʦ, ʛʠʜʨʦʢʩʠ-ʇʍɹ ʤʦʛʫʪ 

ʦʙʨʘʟʦʚʳʚʘʪʴʩʷ ʚ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ ʢʘʢ ʢʦʥʝʯʥʳʡ ʧʨʦʜʫʢʪ ʪʨʘʥʩʬʦʨʤʘʮʠʠ 

ʇʍɹ ʨʘʩʪʝʥʠʷʤʠ, ʘ ʪʘʢʞʝ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʧʨʠʨʦʜʥʳʭ ʦʢʠʩʣʠʪʝʣʝʡ (Tehrani, 

Van Aken, 2014). ʊʘʢʞʝ ʧʦʷʚʠʣʠʩʴ ʩʚʝʜʝʥʠʷ ʦ ʬʦʨʤʠʨʦʚʘʥʠʠ 

ʤʝʪʦʢʩʠʣʠʨʦʚʘʥʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʇʍɹ ʚ ʦʩʘʜʢʘʭ ʩʪʦʯʥʳʭ ʚʦʜ ʭʠʤʠʯʝʩʢʠʭ 

ʧʨʝʜʧʨʠʷʪʠʡ (Sun et al., 2016). ɺ ʣʠʪʝʨʘʪʫʨʝ ʧʨʠʩʫʪʩʪʚʫʝʪ ʦʛʨʘʥʠʯʝʥʥʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʧʫʙʣʠʢʘʮʠʡ, ʨʘʩʩʤʘʪʨʠʚʘʶʱʠʭ ʦʩʦʙʝʥʥʦʩʪʠ ʪʨʘʥʩʬʦʨʤʘʮʠʠ 

ʛʠʜʨʦʢʩʠ-ʇʍɹ ʙʘʢʪʝʨʠʷʤʠ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʰʪʘʤʤʳ Comamonas testosteroni 

B-356, Burkholderia xenovorans LB400 ʠ Sphingomonas sp. N-9 ʦʩʫʱʝʩʪʚʣʷʶʪ 

ʨʘʟʣʦʞʝʥʠʝ ʤʦʥʦ-ʛʠʜʨʦʢʩʠ-(ʤʦʥʦ-ʪʨʠ)-ʭʣʦʨʠʨʦʚʘʥʥʳʭ ʙʠʬʝʥʠʣʦʚ 

ʚ ʘʵʨʦʙʥʳʭ ʫʩʣʦʚʠʷʭ (Francova et al., 2004; Mizukami-Murata et al., 2016). 

ɺʳʩʦʢʦ ʭʣʦʨʠʨʦʚʘʥʥʳʝ ʛʠʜʨʦʢʩʠ-ʇʍɹ ʧʦʜʚʝʨʛʘʶʪʩʷ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʤʫ 

ʜʝʛʘʣʦʛʝʥʠʨʦʚʘʥʠʶ ʰʪʘʤʤʘʤʠ Desulfitobacterium dehalogenas JW/IUDC1 

(DSMZ 9161) ʠ Desulfitobacterium dehalogenas XZ-1 (ATCC 700041) (Tehrani, 

Van Aken, 2014; Mizukami-Murata et al., 2016). ʉʚʝʜʝʥʠʷ ʦ ʚʦʟʤʦʞʥʦʩʪʠ 
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ʙʘʢʪʝʨʠʘʣʴʥʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʇʍɹ, ʩʦʜʝʨʞʘʱʠʭ ʚ ʤʦʣʝʢʫʣʝ ʟʘʤʝʩʪʠʪʝʣʝʡ 

ʜʨʫʛʦʡ ʭʠʤʠʯʝʩʢʦʡ ʧʨʠʨʦʜʳ, ʚ ʯʘʩʪʥʦʩʪʠ ʤʝʪʦʢʩʠ-ʛʨʫʧʧʳ, ʦʪʩʫʪʩʪʚʫʶʪ. 

ʇʦʤʠʤʦ ʵʪʦʛʦ, ʙʠʦʨʘʟʣʦʞʝʥʠʝ ʇʍɹ ʦʩʣʦʞʥʝʥʦ ʢʦʣʠʯʝʩʪʚʦʤ ʠ 

ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʘʪʦʤʦʚ ʭʣʦʨʘ ʚ ʤʦʣʝʢʫʣʝ. ɹʦʣʴʰʠʥʩʪʚʦ ʘʵʨʦʙʥʳʭ ʙʘʢʪʝʨʠʡ-

ʜʝʩʪʨʫʢʪʦʨʦʚ ʚʳʩʦʢʦʘʢʪʠʚʥʳ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʤʦʥʦ- ʠ ʜʠ-ʭʣʦʨʙʠʬʝʥʠʣʘʤ 

(Kim, Picardal, 2000; Adebusoye et al., 2008). ʆʧʠʩʘʥʦ ʥʝʩʢʦʣʴʢʦ ʰʪʘʤʤʦʚ 

ʨʦʜʦʚ Pseudomonas, Burkholderia ʠ Rhodococcus, ʢʦʪʦʨʳʝ ʧʨʦʷʚʣʷʶʪ 

ʜʝʛʨʘʜʘʪʠʚʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʢ ʩʨʝʜʥʝ- ʠ ʚʳʩʦʢʦʭʣʦʨʠʨʦʚʘʥʥʳʤ ʙʠʬʝʥʠʣʘʤ 

(Pieper, 2005; Hatamian-Zarmi et al., 2009; Petriĺ et al., 2011). ʅʘʠʙʦʣʝʝ 

ʠʟʫʯʝʥʥʳʤʠ ʩʨʝʜʠ ʥʠʭ ʷʚʣʷʶʪʩʷ ʰʪʘʤʤʳ Burkholderia xenovorans LB400 and 

Rhodococcus jostii RHA1 (Pieper, 2005). ʀʟʚʝʩʪʥʦ, ʯʪʦ ʙʠʦʜʦʩʪʫʧʥʦʩʪʴ ʇʍɹ 

ʟʘʚʠʩʠʪ ʥʝ ʪʦʣʴʢʦ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʟʘʤʝʩʪʠʪʝʣʝʡ, ʥʦ ʠ ʦʪ ʠʭ ʨʘʩʧʦʣʦʞʝʥʠʷ 

ʚ ʤʦʣʝʢʫʣʝ ʙʠʬʝʥʠʣʘ (Field, Sierra-Alvarez, 2008). ʅʘʠʙʦʣʴʰʝʡ 

ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʢ ʙʘʢʪʝʨʠʘʣʴʥʦʡ ʘʪʘʢʝ ʠ ʪʦʢʩʠʯʥʦʩʪʴʶ ʜʣʷ ʞʠʚʳʭ ʦʨʛʘʥʠʟʤʦʚ 

ʦʙʣʘʜʘʶʪ ʧʣʘʥʘʨʥʳʝ ʢʦʥʛʝʥʝʨʳ (Field, Sierra-Alvarez, 2008). ʉʣʝʜʫʝʪ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʢʦʤʤʝʨʯʝʩʢʠʭ ʩʤʝʩʷʭ ʇʍɹ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʝʩʢʦʣʴʢʦ ʜʝʩʷʪʢʦʚ 

ʢʦʥʛʝʥʝʨʦʚ ʚ ʦʩʥʦʚʥʦʤ ʩ ʢʦʣʠʯʝʩʪʚʦʤ ʟʘʤʝʩʪʠʪʝʣʝʡ ʙʦʣʴʰʝ 3 (ʂʠʨʠʯʝʥʢʦ ʠ 

ʜʨ., 2000; ʇʝʨʚʦʚʘ ʠ ʜʨ., 2015; Erickson, Kaley, 2011). ʊʝʦʨʠʠ, ʧʦʩʪʨʦʝʥʥʳʝ 

ʥʘ ʜʘʥʥʳʭ ʦʙ ʘʢʪʠʚʥʦʩʪʠ ʦʪʜʝʣʴʥʳʭ ʰʪʘʤʤʦʚ ʢ ʨʘʟʣʠʯʥʳʤ ʢʦʥʛʝʥʝʨʘʤ ʇʍɹ, 

ʥʝ ʧʦʟʚʦʣʷʶʪ ʜʦʩʪʦʚʝʨʥʦ ʩʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠ ̫ʜʘʥʥʳʭ 

ʰʪʘʤʤʦʚ ʜʣʷ ʫʥʠʯʪʦʞʝʥʠʷ ʩʤʝʩʝʡ ʇʍɹ. 

ʇʨʦʚʝʜʝʥʠʝ ʚʩʝʩʪʦʨʦʥʥʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʛʝʥʝʪʠʯʝʩʢʠʭ, ʙʠʦʭʠʤʠʯʝʩʢʠʭ 

ʠ ʤʝʪʘʙʦʣʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʘʵʨʦʙʥʳʭ ʙʘʢʪʝʨʠʘʣʴʥʳʭ ʰʪʘʤʤʦʚ-

ʜʝʩʪʨʫʢʪʦʨʦʚ ʙʠʬʝʥʠʣʘ/ʇʍɹ, ʚʳʜʝʣʝʥʥʳʭ ʠʟ ʨʘʡʦʥʦʚ ʩ ʚʳʩʦʢʦʡ ʪʝʭʥʦʛʝʥʥʦʡ 

ʥʘʛʨʫʟʢʦʡ, ʚʥʝʩʝʪ ʩʫʱʝʩʪʚʝʥʥʳʡ ʚʢʣʘʜ ʚ ʨʘʟʚʠʪʠʝ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʟʥʘʥʠʡ 

ʚ ʦʙʣʘʩʪʠ ʤʠʢʨʦʙʥʦʡ ʵʢʦʣʦʛʠʠ, ʵʚʦʣʶʮʠʠ ʛʝʥʝʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, 

ʦʙʫʩʣʦʚʣʠʚʘʶʱʠʭ ʩʧʦʩʦʙʥʦʩʪʴ ʙʘʢʪʝʨʠʡ ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʦʢʩʠʯʥʳʝ 

ʩʦʝʜʠʥʝʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ʫʛʣʝʨʦʜʘ, ʘ ʪʘʢʞʝ ʧʦʩʣʫʞʠʪ ʦʩʥʦʚʦʡ ʜʣʷ 

ʨʘʟʨʘʙʦʪʢʠ ʵʬʬʝʢʪʠʚʥʳʭ ʵʢʦʙʠʦʪʝʭʥʦʣʦʛʠʡ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ 
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ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʇʍɹ-ʟʘʛʨʷʟʥʝʥʥʳʭ ʪʝʨʨʠʪʦʨʠʡ, ʠ ʥʘ ʫʥʠʯʪʦʞʝʥʠʝ 

ʥʝʚʦʩʪʨʝʙʦʚʘʥʥʳʭ ʩʤʝʩʝʡ ʇʍɹ. 

 

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʢʦʤʧʣʝʢʩʥʘʷ ʦʮʝʥʢʘ ʪʘʢʩʦʥʦʤʠʯʝʩʢʦʛʦ, 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʠ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ ʘʵʨʦʙʥʳʭ ʙʘʢʪʝʨʠʡ-

ʜʝʩʪʨʫʢʪʦʨʦʚ ʧʦʣʠʭʣʦʨʠʨʦʚʘʥʥʳʭ ʙʠʬʝʥʠʣʦʚ, ʘ ʪʘʢʞʝ ʚʳʜʝʣʝʥʠʝ 

ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʙʘʢʪʝʨʠʡ ʠ ʘʩʩʦʮʠʘʮʠʡ, ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʚ 

ʵʢʦʙʠʦʪʝʭʥʦʣʦʛʠʷʭ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʫʥʠʯʪʦʞʝʥʠʝ ʇʍɹ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ ʠ ʤʝʩʪʘʭ ʩʢʣʘʜʠʨʦʚʘʥʠʷ. 

 

ʆʩʥʦʚʥʳʝ ʟʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ 

1. ʀʟʫʯʠʪʴ ʪʘʢʩʦʥʦʤʠʯʝʩʢʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʙʘʢʪʝʨʠʡ-ʜʝʩʪʨʫʢʪʦʨʦʚ 

ʙʠʬʝʥʠʣʘ/ʭʣʦʨʠʨʦʚʘʥʥʳʭ ʙʠʬʝʥʠʣʦʚ ʚ ʧʦʯʚʘʭ ʩ ʨʘʟʣʠʯʥʳʤ ʫʨʦʚʥʝʤ 

ʪʝʭʥʦʛʝʥʥʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ.  

2. ʀʩʩʣʝʜʦʚʘʪʴ ʦʩʦʙʝʥʥʦʩʪʠ ʫʪʠʣʠʟʘʮʠʠ / ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʨʘʟʣʠʯʥʳʭ 

ʢʦʥʛʝʥʝʨʦʚ ʇʍɹ ʫ ʠʟʦʣʠʨʦʚʘʥʥʳʭ ʙʘʢʪʝʨʠʘʣʴʥʳʭ ʰʪʘʤʤʦʚ: ʥʘ ʫʨʦʚʥʝ 

ʘʥʘʣʠʟʘ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʝʥʦʚ (ʢʣʶʯʝʚʳʭ ʛʝʥʦʚ, ʢʦʥʪʨʦʣʠʨʫʶʱʠʭ 

ʨʘʟʣʦʞʝʥʠʝ ʙʠʬʝʥʠʣʘ/ʇʍɹ) ʠ ʤʝʪʘʙʦʣʠʯʝʩʢʦʛʦ ʧʨʦʬʠʣʷ ʜʝʩʪʨʫʢʮʠʠ 

ʭʣʦʨʙʠʬʝʥʠʣʦʚ.  

3. ɺʳʷʚʠʪʴ ʠ ʚʩʝʩʪʦʨʦʥʥʝ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʘʢʪʠʚʥʳʝ ʰʪʘʤʤʳ-

ʜʝʩʪʨʫʢʪʦʨʳ, ʩʧʦʩʦʙʥʳʝ ʦʩʫʱʝʩʪʚʣʷʪʴ ʨʘʟʣʦʞʝʥʠʝ ʇʍɹ ʜʦ ʩʦʝʜʠʥʝʥʠʡ 

ʦʩʥʦʚʥʦʛʦ ʦʙʤʝʥʘ ʢʣʝʪʢʠ. 

4. ʀʩʩʣʝʜʦʚʘʪʴ ʜʝʛʨʘʜʘʪʠʚʥʳʡ ʧʦʪʝʥʮʠʘʣ ʘʢʪʠʚʥʳʭ ʰʪʘʤʤʦʚ-

ʜʝʩʪʨʫʢʪʦʨʦʚ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʤʦʜʝʣʴʥʳʤ, ʢʦʤʤʝʨʯʝʩʢʠʤ 

(Delor 103/ʊʨʠʭʣʦʨʙʠʬʝʥʠʣ, ʉʦʚʦʣ) ʠ ʭʠʤʠʯʝʩʢʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʤ 

ʩʤʝʩʷʤ ʇʍɹ. 

5. ʆʮʝʥʠʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʥʳʭ ʙʘʢʪʝʨʠʡ-

ʜʝʩʪʨʫʢʪʦʨʦʚ ʚ ʵʢʦʙʠʦʪʝʭʥʦʣʦʛʠʷʭ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʨʝʤʝʜʠʘʮʠʶ 

ʇʍɹ-ʟʘʛʨʷʟʥʝʥʥʳʭ ʧʦʯʚ ʠ ʫʥʠʯʪʦʞʝʥʠʝ ʥʝʚʦʩʪʨʝʙʦʚʘʥʥʳʭ ʩʤʝʩʝʡ 

ʇʍɹ. 
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ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ 

ʇʦʣʫʯʝʥʳ ʥʦʚʳʝ ʩʚʝʜʝʥʠʷ ʦ ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʦʤ ʨʘʟʥʦʦʙʨʘʟʠʠ ʘʵʨʦʙʥʳʭ 

ʙʘʢʪʝʨʠʡ-ʜʝʩʪʨʫʢʪʦʨʦʚ ʙʠʬʝʥʠʣʘ/ʇʍɹ, ʦʙʠʪʘʶʱʠʭ ʚ ʧʦʯʚʘʭ ʩ ʨʘʟʣʠʯʥʳʤ 

ʫʨʦʚʥʝʤ ʟʘʛʨʷʟʥʝʥʠʷ ʦʪʭʦʜʘʤʠ ʭʠʤʠʯʝʩʢʠʭ ʧʨʦʠʟʚʦʜʩʪʚ (ʪʝʨʨʠʪʦʨʠʠ 

ʇʝʨʤʩʢʦʛʦ ʢʨʘʷ, ʉʘʤʘʨʩʢʦʡ ʠ ʄʦʩʢʦʚʩʢʦʡ ʦʙʣ., ʈʦʩʩʠʷ, ʪʝʨʨʠʪʦʨʠʷ ʀʚʘʥʦ-

ʌʨʘʥʢʦʚʩʢʦʡ ʦʙʣ., ʋʢʨʘʠʥʘ). ɺ ʨʘʙʦʯʫʶ ʢʦʣʣʝʢʮʠʶ ʩʦʙʨʘʥʦ 313 ʰʪʘʤʤʦʚ 

ʘʵʨʦʙʥʳʭ ʙʘʢʪʝʨʠʡ, ʧʨʦʷʚʣʷʶʱʠʭ ʜʝʛʨʘʜʘʪʠʚʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʢ 

ʙʠʬʝʥʠʣʫ/ʇʍɹ, ʙʝʥʟʦʡʥʦʡ ʠ ʭʣʦʨʙʝʥʟʦʡʥʳʤ ʢʠʩʣʦʪʘʤ, ʦʪʥʦʩʷʱʠʭʩʷ ʢ 

ʬʠʣʫʤʘʤ Proteobacteria (ʨʦʜ r Acinetobacter, Achromobacter, Alcaligenes, 

Bosea, Brevundimonas, Cupriavidus, Mezorhizobium, Ohrobactrum, 

Pseudomonas, Sphingobium, Sphingomonas), Actinobacteria (ʨʦʜ rArthrobacter, 

Brevibacterium, Cellulomonas, Kocuria, Micrococcus, Microbacterium, 

Rhodococcus, Terrabacter) ʠ Firmicutes (ʨʦʜ rBacillus, Planococcus). 

ɺʳʷʚʣʝʥʘ ʫʥʠʢʘʣʴʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʰʪʘʤʤʦʚ R. wratislaviensis ʂʊ112-7 

(=ɺʂʄ ɸʩ-2623D), R. wratislaviensis ʉʅ625 (=ɺʂʄ ɸʩ-2631D), 

R. wratislaviensis ʉʅ628, R. wratislaviensis ʈ1, R. wratislaviensis G10, R. ruber 

P25 (=ʀʕɻʄ896), Rhodococcus sp. ɺ7ʘ, R. erythropolis G12ʘ, 

Microbacterium oxydans ɺ51, ʢ ʦʢʠʩʣʝʥʠ ʁʢʘʢ ʦʨʪʦ-, ʪʘʢ ʠ ʧʘʨʘ-ʟʘʤʝʱʝʥʥʦʛʦ 

ʢʦʣʴʮʘ ʚ ʤʦʣʝʢʫʣʘʭ ʜʠ/ʪʨʠ-ʭʣʦʨʙʠʬʝʥʠʣʦʚ ʩ ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʟʘʤʝʩʪʠʪʝʣʝʡ 

{1+1} ʠ {2+1} ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʜʝʩʪʨʫʢʮʠʝʡ ʦʙʨʘʟʦʚʘʚʰʠʭʩʷ ʭʣʦʨʙʝʥʟʦʡʥʳʭ 

ʢʠʩʣʦʪ ʜʦ ʩʦʝʜʠʥʝʥʠʡ ʦʩʥʦʚʥʦʛʦ ʦʙʤʝʥʘ ʢʣʝʪʢʠ. ʈʘʟʣʦʞʝʥʠʝ ʭʣʦʨʙʝʥʟʦʡʥʳʭ 

ʢʠʩʣʦʪ ʧʨʦʠʩʭʦʜʠʪ ʢʘʢ ʚ ʨʝʟʫʣʴʪʘʪʝ ʜʠʦʢʩʠʛʝʥʠʨʦʚʘʥʠʷ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʢʘʪʝʭʦʣʘ/ʭʣʦʨʢʘʪʝʭʦʣʦʚ, ʪʘʢ ʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʛʠʜʨʦʢʩʠʣʠʨʦʚʘʥʠʷ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʧʘʨʘ-ʛʠʜʨʦʢʩʠʙʝʥʟʦʡʥʦʡ ʠ ʧʨʦʪʦʢʘʪʝʭʦʚʦʡ ʢʠʩʣʦʪ, 

ʨʘʟʣʘʛʘʝʤʳʭ ʜʘʣʝʝ ʜʦ ʩʦʝʜʠʥʝʥʠʡ, ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʮʠʢʣʝ ʪʨʠʢʘʨʙʦʥʦʚʳʭ 

ʢʠʩʣʦʪ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʤʦʣʝʢʫʣʷʨʥʦ-ʛʝʥʝʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʢʘʟʘʥʦ, ʯʪʦ 

ʛʝʥʳ bphA1, ʢʦʜʠʨʫʶʱʠʝ Ŭ-ʩʫʙʲʝʜʠʥʠʮʫ ʙʠʬʝʥʠʣ 2,3-ʜʠʦʢʩʠʛʝʥʘʟʳ (2,3-ɼʆ) 

ʰʪʘʤʤʦʚ ʨʦʜʘ Rhodococcus, ʠʤʝʶʪ ʩʫʱʝʩʪʚʝʥʥʳʝ ʨʘʟʣʠʯʠʷ ʠ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʥʘʠʙʦʣʴʰʠʤ ʫʨʦʚʥʝʤ ʩʭʦʜʩʪʚʘ ʩ ʛʝʥʘʤʠ ʬʝʥʠʣʧʨʦʧʠʦʥʘʪ 
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2,3-ɼʆ (97.7ï100%) ʫ 2 ʰʪʘʤʤʦʚ, ʙʠʬʝʥʠʣ 2,3-ɼʆ (99.5ï100%) ʫ 4 ʰʪʘʤʤʦʚ 

ʠ ʙʠʬʝʥʠʣ/ʪʦʣʫʦʣ 2,3-ɼʆ ʛʨʘʤʧʦʣʦʞʠʪʝʣʴʥʳʭ ʙʘʢʪʝʨʠʡ (87.1ï99.6%) ʫ 

14 ʰʪʘʤʤʦʚ.  

ɺʧʝʨʚʳʝ, ʥʘ ʦʩʥʦʚʘʥʠʠ ʥʫʢʣʝʦʪʠʜʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʛʝʥʦʚ bphA1, 

ʧʨʠʤʝʥʷʷ ʤʝʪʦʜ r ʙʠʦʠʥʬʦʨʤʘʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʠ 3D-ʤʦʜʝʣʠʨʦʚʘʥʠʷ, 

ʧʦʣʫʯʝʥʳ ʚʪʦʨʠʯʥʘʷ ʠ ʪʨʝʪʠʯʥʘʷ ʩʪʨʫʢʪʫʨʳ Ŭ-ʩʫʙʲʝʜʠʥʠʮ r ʙʠʬʝʥʠʣ 

2,3-ʜʠʦʢʩʠʛʝʥʘʟʳ (BphA1) h ʪʘʤʤʦʚ R. ruber P25 ʠ R. wratislaviensis ʂʊ112-7. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ BphA1 ʰʪʘʤʤʘ R. ruber P25 ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʫʥʠʢʘʣʴʥʦʡ 

ʩʪʨʫʢʪʫʨʦʡ ʠ ʥʝ ʠʤʝʝʪ ʜʦʩʪʦʚʝʨʥʦʛʦ ʫʨʦʚʥʷ ʩʭʦʜʩʪʚʘ ʩ ʠʟʚʝʩʪʥʳʤʠ 

Ŭ-ʩʫʙʲʝʜʠʥʠʮʘʤʠ ʙʠʬʝʥʠʣ/ʪʦʣʫʦʣ/ʙʝʥʟʦʣ/ʬʝʥʠʣʧʨʦʧʠʦʥʘʪ 2,3-ɼʆ. 

ʅʘʧʨʦʪʠʚ, BphA1ʂʊ112-7 (ʛʝʥ ʢʦʪʦʨʦʡ ʣʦʢʘʣʠʟʦʚʘʥ ʥʘ ʧʣʘʟʤʠʜʝ), ʠʤʝʝʪ 

ʚʳʩʦʢʠʡ ʧʨʦʮʝʥʪ ʩʭʦʜʩʪʚʘ (98.65%) ʩ Ŭ-ʩʫʙʲʝʜʠʥʠʮʝʡ ʙʠʬʝʥʠʣ 2,3-ɼʆ 

ʠʟʚʝʩʪʥʦʛʦ ʰʪʘʤʤʘ-ʜʝʩʪʨʫʢʪʦʨʘ ʇʍɹ R. jostii RHA1. 

ɺʧʝʨʚʳʝ ʦʧʨʝʜʝʣʝʥʘ ʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʘ ʧʦʣʥʦʛʝʥʦʤʥʘʷ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʰʪʘʤʤʘ R. wratislaviensis ʂʊ112-7. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʛʝʥʦʤ ʧʨʝʜʩʪʘʚʣʝʥ ʭʨʦʤʦʩʦʤʦʡ (7587912 ʧ.ʥ., GenBank CP072193.1) ʠ ʜʚʫʤʷ 

ʤʝʛʘʧʣʘʟʤʠʜʘʤʠ: pRHWK1 (281912 ʧ.ʥ., GenBank CP072194.1), pRHWK2 

(130937 ʧ.ʥ., GenBank CP072195.1). ɺ ʨʝʟʫʣʴʪʘʪʝ ʘʥʘʣʠʟʘ ʛʝʥʦʤʘ ʧʦʢʘʟʘʥʦ, 

ʯʪʦ ʛʝʥʳ ʙʠʬʝʥʠʣʴʥʦʛʦ ʧʫʪʠ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʢʘʢ ʥʘ ʭʨʦʤʦʩʦʤʝ (ʠʤʝʶʪ 

ʚʳʩʦʢʫʶ ʩʪʝʧʝʥʴ ʩʭʦʜʩʪʚʘ ʩ ʛʝʥʘʤʠ ʜʝʩʪʨʫʢʮʠʠ ʥʘʬʪʘʣʠʥʘ), ʪʘʢ ʠ ʥʘ 

ʧʣʘʟʤʠʜʘʭ (ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʩʭʦʜʩʪʚʘ ʩ ʢʣʘʩʩʠʯʝʩʢʠʤʠ bph-ʛʝʥʘʤʠ). ʊʘʢʞʝ ʚ 

ʛʝʥʦʤʝ ʰʪʘʤʤʘ ʂʊ112-7 ʚʳʷʚʣʝʥʳ ʛʝʥʳ, ʦʙʫʩʣʦʚʣʠʚʘʶʱʠʝ ʝʛʦ ʩʧʦʩʦʙʥʦʩʪʴ 

ʨʘʟʣʘʛʘʪʴ ʭʣʦʨ- ʠ ʛʠʜʨʦʢʩʠ-ʙʝʥʟʦʡʥʳʝ ʢʠʩʣʦʪʳ ʜʦ ʩʦʝʜʠʥʝʥʠʡ ʦʩʥʦʚʥʦʛʦ 

ʦʙʤʝʥʘ ʢʣʝʪʢʠ. 

ɺʳʷʚʣʝʥʘ ʩʧʦʩʦʙʥʦʩʪʴ ʰʪʘʤʤʦʚ ʨʦʜʦʚ Rhodococcus ʠ Microbacterium 

ʵʬʬʝʢʪʠʚʥʦ ʨʘʟʣʘʛʘʪʴ ʢʦʤʤʝʨʯʝʩʢʠʝ ʠ ʤʦʜʝʣʴʥʳʝ ʩʤʝʩʠ ʇʍɹ, ʩʦʜʝʨʞʘʱʠʝ 

ʦʪ 20 ʜʦ 50 ʢʦʥʛʝʥʝʨʦʚ. ɺʧʝʨʚʳʝ ʧʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʘʵʨʦʙʥʦʡ 

ʙʘʢʪʝʨʠʘʣʴʥʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʩʤʝʩʝʡ ʭʠʤʠʯʝʩʢʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʇʍɹ, 

ʩʦʜʝʨʞʘʱʠʭ ʚ ʤʦʣʝʢʫʣʝ ʛʠʜʨʦʢʩʠ-, ʤʝʪʦʢʩʠ-, ʧʦʣʠʵʪʠʣʝʥʛʣʠʢʦʣʦʢʩʠ- ʠ 

ʘʤʠʥʦʵʪʦʢʩʠ-ʛʨʫʧʧʳ. 
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ʊʝʦʨʝʪʠʯʝʩʢʦʝ ʠ ʧʨʘʢʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʨʘʙʦʪʳ 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʟʚʦʣʠʣʠ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʢʦʥʮʝʧʮʠʶ, 

ʜʦʧʦʣʥʷʶʱʫʶ ʩʫʱʝʩʪʚʫʶʱʫʶ ʪʝʦʨʠʶ ʦ ʨʦʣʠ ʘʵʨʦʙʥʳʭ ʙʘʢʪʝʨʠʡ 

ʚ ʨʘʟʣʦʞʝʥʠʠ ʧʦʣʠʭʣʦʨʠʨʦʚʘʥʥʳʭ ʙʠʬʝʥʠʣʦʚ. ɺ ʨʘʥʝʝ ʥʝ ʠʩʩʣʝʜʦʚʘʥʥʳʭ 

ʙʠʦʪʦʧʘʭ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʠ 

ʟʘʛʨʷʟʥʝʥʥʳʭ ʨʘʟʣʠʯʥʳʤʠ ʛʘʣʦʛʝʥʦʨʛʘʥʠʯʝʩʢʠʤʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ 

ʘʨʦʤʘʪʠʯʝʩʢʠʤ ʩʦʝʜʠʥʝʥʠʷʤʠ ï ʧʦʣʠʭʣʦʨʠʨʦʚʘʥʥʳʤʠ ʙʠʬʝʥʠʣʘʤʠ, 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩʝʣʝʢʮʠʷ ʙʘʢʪʝʨʠʡ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʦʡ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦʝ 

ʨʘʟʚʠʪʠʝ ʧʦʣʫʯʘʶʪ ʰʪʘʤʤʳ, ʦʙʣʘʜʘʶʱʠʝ ʙʠʦʜʝʛʨʘʜʘʪʠʚʥʳʤ ʧʦʪʝʥʮʠʘʣʦʤ 

ʚ ʦʪʥʦʰʝʥʠʠ ʭʠʤʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʩʪʨʫʢʪʫʨʘ ʢʦʪʦʨʳʭ ʧʦʜʦʙʥʘ/ʠʜʝʥʪʠʯʥʘ 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʤ ʚ ʙʠʦʪʦʧʝ ʟʘʛʨʷʟʥʠʪʝʣʷʤ. ɼʣʠʪʝʣʴʥʘʷ ʤʥʦʛʦʣʝʪʥʷʷ ʩʝʣʝʢʮʠʷ 

ʘʚʪʦʭʪʦʥʥʳʭ ʙʘʢʪʝʨʠʡ ʧʨʠʚʦʜʠʪ ʢ ʩʫʱʝʩʪʚʝʥʥʳʤ ʠʟʤʝʥʝʥʠʷʤ 

ʥʘ ʤʦʣʝʢʫʣʷʨʥʦ-ʛʝʥʝʪʠʯʝʩʢʦʤ ʫʨʦʚʥʝ, ʯʪʦ ʦʙʫʩʣʦʚʣʠʚʘʝʪ ʧʦʷʚʣʝʥʠʝ 

ʘʵʨʦʙʥʳʭ ʙʘʢʪʝʨʠʘʣʴʥʳʭ ʰʪʘʤʤʦʚ ʩ ʫʥʠʢʘʣʴʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʚ ʦʪʥʦʰʝʥʠʠ 

ʪʨʫʜʥʦʜʦʩʪʫʧʥʳʭ ʠ ʪʦʢʩʠʯʥʳʭ ʧʦʣʣʶʪʘʥʪʦʚ, ʚ ʯʘʩʪʥʦʩʪʠ, 

ʧʦʣʠʭʣʦʨʠʨʦʚʘʥʥʳʭ ʙʠʬʝʥʠʣʦʚ. ɺʳʷʚʣʝʥʠʝ ʠ ʚʩʝʩʪʦʨʦʥʥʝʝ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʜʘʥʥʳʭ ʰʪʘʤʤʦʚ ʚʥʦʩʠʪ ʩʫʱʝʩʪʚʝʥʥʳʡ ʚʢʣʘʜ ʚ ʨʘʟʚʠʪʠʝ ʪʝʦʨʝʪʠʯʝʩʢʠʭ 

ʦʩʥʦʚ ʧʦʥʠʤʘʥʠʷ ʧʨʦʮʝʩʩʦʚ ʘʵʨʦʙʥʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʇʍɹ ʚ ʢʣʝʪʢʘʭ 

ʙʘʢʪʝʨʠʡ, ʘ ʪʘʢʞʝ ʧʦʟʚʦʣʷʝʪ ʥʘʭʦʜʠʪʴ ʥʦʚʳʝ ʧʦʜʭʦʜʳ ʢ ʨʘʟʨʘʙʦʪʢʝ 

ʵʢʦʙʠʦʪʝʭʥʦʣʦʛʠʡ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʠ 

ʫʜʘʣʝʥʠʝ ʥʝʚʦʩʪʨʝʙʦʚʘʥʥʳʭ ʇʍɹ ʩ ʫʯʝʪʦʤ ʪʨʝʙʦʚʘʥʠʡ ʵʢʦʣʦʛʠʯʝʩʢʦʡ 

ʙʝʟʦʧʘʩʥʦʩʪʠ.  

ʉʦʟʜʘʥʘ ʨʘʙʦʯʘʷ ʢʦʣʣʝʢʮʠʷ ʰʪʘʤʤʦʚ, ʧʨʦʷʚʣʷʶʱʠʭ ʜʝʛʨʘʜʘʪʠʚʥʫʶ 

ʘʢʪʠʚʥʦʩʪʴ ʢ ʇʍɹ ʠ ʠʭ ʚʦʟʤʦʞʥʳʤ ʤʝʪʘʙʦʣʠʪʘʤ, ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʢʦʪʦʨʦʡ 

ʜʝʧʦʥʠʨʦʚʘʥʳ ʚʦ ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʢʦʣʣʝʢʮʠʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ (ɺʂʄ, ʀɹʌʄ, 

ʛ. ʇʫʱʠʥʦ) ʠ ʈʝʛʠʦʥʘʣʴʥʦʡ ʧʨʦʬʠʣʠʨʦʚʘʥʥʦʡ ʢʦʣʣʝʢʮʠʠ ʘʣʢʘʥʦʪʨʦʬʥʳʭ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ (çʀʕɻʄ ʋʨʆ ʈɸʅè, ʛ. ʇʝʨʤʴ), ʘ ʜʘʥʥʳʝ 

ʦ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʭ ʛʝʥʦʚ 16S ʨʈʅʂ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʝʥʦʚ (bph, ben, 

ʦhb, fcb) ʚʢʣʶʯʝʥʳ ʚ ʤʝʞʜʫʥʘʨʦʜʥʫʶ ʙʘʟʫ GenBank (ʅʘʮʠʦʥʘʣʴʥʳʡ ʮʝʥʪʨ 

ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ ʉʐɸ, http://www.ncbi.nlm.nih.gov).  
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ɼʝʪʘʣʴʥʦʝ ʠʟʫʯʝʥʠʝ ʤʝʪʘʙʦʣʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʠ ʛʝʥʝʪʠʯʝʩʢʦʛʦ 

ʧʦʪʝʥʮʠʘʣʘ ʰʪʘʤʤʦʚ-ʜʝʩʪʨʫʢʪʦʨʦʚ, ʚʳʜʝʣʝʥʥʳʭ ʠʟ ʨʘʟʣʠʯʥʳʭ ʙʠʦʪʦʧʦʚ, 

ʧʦʟʚʦʣʠʣʦ ʚʳʷʚʠʪʴ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʰʪʘʤʤʳ ʘʵʨʦʙʥʳʭ ʙʘʢʪʝʨʠʡ ʜʣʷ 

ʧʨʠʤʝʥʝʥʠʷ ʚ ʵʢʦʙʠʦʪʝʭʥʦʣʦʛʠʷʭ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʦʯʠʩʪʢʫ ʧʨʠʨʦʜʥʳʭ ʩʨʝʜ 

(ʧʦʯʚ) ʦʪ ʇʍɹ ʠ ʩʭʦʞʠʭ ʧʦ ʭʠʤʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʝ ʧʦʣʣʶʪʘʥʪʦʚ, ʠ 

ʨʘʟʨʘʙʦʪʘʪʴ ʥʘ ʠʭ ʦʩʥʦʚʝ ʩʨʝʜʩʪʚʘ ʠ ʩʧʦʩʦʙʳ ʨʝʤʝʜʠʘʮʠʠ (ʧʘʪʝʥʪʳ ʈʌ ˉ 

2562156 ʠ ˉ 2563660). ɺ ʢʘʯʝʩʪʚʝ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʘʛʝʥʪʦʚ ʧʨʝʜʣʦʞʝʥʳ 

ʰʪʘʤʤʳ M. oxydans B51, R. ruber P25 (ʧʘʪʝʥʪ ʈʌ ˉ 2262531), R. erythropolis 

G12a, R. wratislaviensis KT112-7 (ʧʘʪʝʥʪ ʈʌ ˉ 2548804), CH625 (ʧʘʪʝʥʪ ʈʌ 

 ̄2585537), CH628, Rhodococcus sp. B7a.  

ɺʧʝʨʚʳʝ ʧʦʣʫʯʝʥʳ ʩʚʝʜʝʥʠʷ ʦ ʙʘʢʪʝʨʠʘʣʴʥʦʡ ʜʝʩʪʨʫʢʮʠʠ ʩʤʝʩʝʡ 

ʭʠʤʠʯʝʩʢʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʇʍɹ, ʚ ʩʦʩʪʘʚ ʤʦʣʝʢʫʣʳ ʢʦʪʦʨʳʭ ʚʚʝʜʝʥʳ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʟʘʤʝʩʪʠʪʝʣʠ (ʛʠʜʨʦʢʩʠ-, ʤʝʪʦʢʩʠ-, ʘʤʠʥʦʵʪʦʢʩʠ-, 

ʧʦʣʠʵʪʠʣʝʥʛʣʠʢʦʣʦʢʩʠ-ʛʨʫʧʧʳ). ʅʘ ʦʩʥʦʚʘʥʠʠ ʫʥʠʢʘʣʴʥʳʭ 

ʤʝʞʜʠʩʮʠʧʣʠʥʘʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʨʘʟʨʘʙʦʪʘʥ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʠʡ ʧʦʜʭʦʜ, 

ʧʦʟʚʦʣʷʶʱʠʡ ʨʝʰʘʪʴ ʧʨʦʙʣʝʤʫ ʫʥʠʯʪʦʞʝʥʠʷ ʇʍɹ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʤʝʩʪʘʭ 

ʩʢʣʘʜʠʨʦʚʘʥʠʷ: ʥʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʭʠʤʠʯʝʩʢʘʷ ʤʦʜʠʬʠʢʘʮʠʷ 

ʇʍɹ ʩ ʚʥʝʜʨʝʥʠʝʤ ʛʠʜʨʦʢʩʠ-ʛʨʫʧʧ, ʘ ʥʘ ʚʪʦʨʦʤ ʵʪʘʧʝ ï ʘʵʨʦʙʥʦʝ ʨʘʟʣʦʞʝʥʠʝ 

ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʰʪʘʤʤʦʚ-ʜʝʩʪʨʫʢʪʦʨʦʚ R. ruber P25 ʠʣʠ R. wratislaviensis 

KT112-7. 

ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʠʦʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʤʝʪʦʜʦʚ ʘʥʘʣʠʟʘ ʧʦʣʫʯʝʥʳ 

ʜʘʥʥʳʝ ʦʙ ʫʥʠʢʘʣʴʥʦʤ ʩʦʯʝʪʘʥʠʠ ʛʝʥʦʚ, ʢʦʥʪʨʦʣʠʨʫʶʱʠʭ ʜʝʩʪʨʫʢʮʠʶ ʇʍɹ, 

ʚ ʛʝʥʦʤʝ ʰʪʘʤʤʘ R. wratislaviensis KT112-7 (=ɺʂʄ ɸʩ-2623D), 

ʧʦʣʥʦʛʝʥʦʤʥʘʷ ʥʫʢʣʝʦʪʠʜʥʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʰʪʘʤʤʘ ʂʊ112-7 

ʨʘʟʤʝʱʝʥʘ ʚ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʙʘʟʝ GenBank (ʉʈ072193.1, ʉʈ072194.1, 

ʉʈ072195.1). ʇʨʠʤʝʥʝʥʠʝ ʤʦʣʝʢʫʣʷʨʥʦ-ʛʝʥʝʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʠ 

ʩʦʚʨʝʤʝʥʥʳʭ ʙʠʦʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʨʝʩʫʨʩʦʚ ʧʦʟʚʦʣʠʣʦ ʚʠʟʫʘʣʠʟʠʨʦʚʘʪʴ 

ʪʨʝʪʠʯʥʫʶ ʩʪʨʫʢʪʫʨʫ Ŭ-ʩʫʙʲʝʜʠʥʠʮʳ ʙʠʬʝʥʠʣ 2,3-ʜʠʦʢʩʠʛʝʥʘʟʳ, ʬʝʨʤʝʥʪʘ 

ʧʝʨʚʠʯʥʦʡ ʘʪʘʢʠ ʤʦʣʝʢʫʣʳ ʇʍɹ, ʰʪʘʤʤʦʚ R. ruber P25 ʠ R. wratislaviensis 
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KT112-7, ʘ ʪʘʢʞʝ ʫʩʪʘʥʦʚʠʪʴ ʧʦʣʠʤʦʨʬʠʟʤ ʛʝʥʘ bphA1 ʫ ʰʪʘʤʤʦʚ-

ʜʝʩʪʨʫʢʪʦʨʦʚ ʇʍɹ ʨʦʜʘ Rhodococcus. 

ʄʘʪʝʨʠʘʣʳ ʜʠʩʩʝʨʪʘʮʠʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʣʝʢʮʠʦʥʥʳʭ ʢʫʨʩʘʭ 

ɹʠʦʣʦʛʠʯʝʩʢʦʛʦ ʠ ɻʝʦʛʨʘʬʠʯʝʩʢʦʛʦ ʬʘʢʫʣʴʪʝʪʦʚ ʇʝʨʤʩʢʦʛʦ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʥʘʮʠʦʥʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ. 

 

ʇʦʣʦʞʝʥʠʷ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ 

1. ʐʪʘʤʤʳ ʨʦʜʦʚ Microbacterium, Rhodococcus ʠ Pseudomonas, 

ʦʙʣʘʜʘʶʱʠʝ ʚʳʩʦʢʠʤ ʜʝʛʨʘʜʘʪʠʚʥʳʤ ʧʦʪʝʥʮʠʘʣʦʤ ʚ ʦʪʥʦʰʝʥʠʠ ʇʍɹ, 

ʚʳʜʝʣʝʥʳ ʠʟ ʧʦʯʚ, ʟʘʛʨʷʟʥʝʥʥʳʭ ʭʣʦʨʦʨʛʘʥʠʯʝʩʢʠʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ. 

ʋʥʠʢʘʣʴʥʦʝ ʩʪʨʦʝʥʠʝ ʠ ʩʦʯʝʪʘʥʠʝ ʛʝʥʦʚ/ʬʝʨʤʝʥʪʦʚ ʫ ʠʟʦʣʠʨʦʚʘʥʥʳʭ 

ʧʨʠʨʦʜʥʳʭ ʰʪʘʤʤʦʚ ʦʙʫʩʣʦʚʣʠʚʘʝʪ ʠʭ ʩʧʦʩʦʙʥʦʩʪʴ ʢ ʛʣʫʙʦʢʦʡ 

ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʇʍɹ ʠ ʨʘʟʣʦʞʝʥʠʶ ʦʙʨʘʟʫʶʱʠʭʩʷ ʧʨʠ ʵʪʦʤ ʤʝʪʘʙʦʣʠʪʦʚ 

ʜʦ ʩʦʝʜʠʥʝʥʠʡ ʦʩʥʦʚʥʦʛʦ ʦʙʤʝʥʘ ʢʣʝʪʢʠ. ʅʘʣʠʯʠʝ ʧʣʘʟʤʠʜ ʙʦʣʴʰʦʡ 

ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʳ ʩʦʟʜʘʝʪ ʦʩʥʦʚʫ ʜʣʷ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʧʝʨʝʥʦʩʘ 

bph-ʛʝʥʦʚ.  

2. ʈʘʟʣʦʞʝʥʠʝ ʢʦʤʤʝʨʯʝʩʢʠʭ ʩʤʝʩʝʡ ʇʍɹ ʪʦʨʛʦʚʳʭ ʤʘʨʦʢ 

ʊʨʠʭʣʦʨʙʠʬʝʥʠʣ/Delor 103 ʠ ʉʦʚʦʣ (ʥʘʯʘʣʴʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ 100ï600 ʤʛ/ʣ, 

ʚʨʝʤʷ ʜʝʩʪʨʫʢʮʠʠ 8ï14 ʩʫʪ), ʘ ʪʘʢʞʝ ʤʦʜʝʣʴʥʦʡ ʩʤʝʩʠ ʇʍɹ (ʥʘʯʘʣʴʥʘʷ 

ʢʦʥʮʝʥʪʨʘʮʠʷ 32 ʤʛ/ʣ, ʚʨʝʤʷ ʜʝʩʪʨʫʢʮʠʠ 3 ʩʫʪ) ʥʘ 95ï100% ʦʩʫʱʝʩʪʚʣʷʶʪ 

ʰʪʘʤʤʳ ʨʦʜʘ Rhodococcus (Rhodococcus sp. MD1, MD2, B7a, R. erythropolis 

G12a, R. ruber P25, R. wratislaviensis KT112-7), ʘ ʪʘʢʞʝ ʰʪʘʤʤʳ 

Microbacterium oxydans B51 ʠ Pseudomonas sp. MD8. ɹʘʢʪʝʨʠʘʣʴʥʳʝ 

ʘʩʩʦʮʠʘʮʠʠ, ʠʟʦʣʠʨʦʚʘʥʥʳʝ ʠʟ ʇʍɹ-ʟʘʛʨʷʟʥʝʥʥʳʭ ʧʦʯʚ, ʨʘʟʣʘʛʘʶʪ 

ʊʨʠʭʣʦʨʙʠʬʝʥʠʣ/Delor 103 (ʥʘʯʘʣʴʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ 13.8 ʤʛ/ʣ, ʚʨʝʤʷ 

ʜʝʩʪʨʫʢʮʠʠ 8 ʩʫʪ) ʠ ʉʦʚʦʣ (ʥʘʯʘʣʴʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ 55 ʤʛ/ʣ, ʚʨʝʤʷ 

ʜʝʩʪʨʫʢʮʠʠ 8 ʩʫʪ) ʥʘ 99.38ï99.97%.  

3. ʐʪʘʤʤʳ R. ruber P25 ʠ R. wratislaviensis KT112-7 ʧʨʦʷʚʣʷʶʪ 

ʜʝʛʨʘʜʘʪʠʚʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʭʠʤʠʯʝʩʢʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʤ 

ʩʤʝʩʷʤ ʇʍɹ, ʩʦʜʝʨʞʘʱʠʤ ʛʠʜʨʦʢʩʠ-, ʤʝʪʦʢʩʠ-, ʧʦʣʠʵʪʠʣʝʥʛʣʠʢʦʣʦʢʩʠ-, 
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ʘʤʠʥʦʵʪʦʢʩʠ-ʭʣʦʨʠʨʦʚʘʥʥʳʝ ʙʠʬʝʥʠʣʳ. ɺʳʷʚʣʝʥʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʤʦʞʝʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʣʷ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʳ ʫʪʠʣʠʟʘʮʠʠ ʇʍɹ ʚ ʨʘʤʢʘʭ 

ʤʝʞʜʠʩʮʠʧʣʠʥʘʨʥʦʛʦ ʧʦʜʭʦʜʘ, ʩʦʯʝʪʘʶʱʝʛʦ ʚ ʩʝʙʝ ʵʪʘʧʳ ʭʠʤʠʯʝʩʢʦʡ 

ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʇʍɹ (ʚʥʝʜʨʝʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʟʘʤʝʩʪʠʪʝʣʝʡ ʚ ʤʦʣʝʢʫʣʫ) 

ʠ ʙʘʢʪʝʨʠʘʣʴʥʦʡ ʜʝʩʪʨʫʢʮʠʠ ʧʦʣʫʯʝʥʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ. 

4. ɺʳʷʚʣʝʥʳ ʙʘʢʪʝʨʠʘʣʴʥʳʝ ʢʫʣʴʪʫʨʳ, ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʜʣʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʙʠʦʪʝʭʥʦʣʦʛʠʷʭ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʇʍɹ-ʟʘʛʨʷʟʥʝʥʥʳʭ ʧʦʯʚ. 

ʐʪʘʤʤʳ Microbacterium oxydans B51 ʠ R. ruber P25 ʚ ʫʩʣʦʚʠʷʭ ʠʩʢʫʩʩʪʚʝʥʥʦ 

ʟʘʛʨʷʟʥʝʥʥʦʡ ʧʦʯʚʳ ʨʘʟʣʘʛʘʶʪ ʤʦʜʝʣʴʥʳʝ ʠ ʢʦʤʤʝʨʯʝʩʢʠʝ ʩʤʝʩʠ ʇʍɹ 

ʚ ʢʦʥʮʝʥʪʨʘʮʠʠ 1667ï16667 ʇɼʂ (100ï1000 ʤʛ /ʢʛ ʧʦʯʚʳ), ʰʪʘʤʤʳ 

Rhodococcus sp. B7a, R. erythropolis G12a ï 4667 ʇɼʂ (280 ʤʛ/ʢʛ ʧʦʯʚʳ) ʇʍɹ. 

ɺʥʝʩʝʥʠʝ ʰʪʘʤʤʦʚ R. wratislaviensis KT112-7, ʉʅ625, ʉʈ628 ʚ ʧʦʯʚʳ, 

ʜʣʠʪʝʣʴʥʦʝ ʚʨʝʤʷ ʟʘʛʨʷʟʥʝʥʥʳʝ ʢʦʤʤʝʨʯʝʩʢʠʤʠ ʩʤʝʩʷʤʠ ʇʍɹ 

ʚ ʢʦʥʮʝʥʪʨʘʮʠʠ 14ï8083 ʇɼʂ (0.84ï485 ʤʛ/ʢʛ ʧʦʯʚʳ), ʧʨʠʚʦʜʠʣʦ 

ʢ ʩʥʠʞʝʥʠʶ ʩʦʜʝʨʞʘʥʠʷ ʟʘʛʨʷʟʥʠʪʝʣʷ ʜʦ 0.8ï25 ʇɼʂ (0.048ï1.5 ʤʛ/ʢʛ ʧʦʯʚʳ) 

ʟʘ ʪʨʠ ʤʝʩʷʮʘ.  

 

ɸʧʨʦʙʘʮʠʷ ʨʘʙʦʪʳ 

ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʝʛʠʦʥʘʣʴʥʦʡ 

ʢʦʥʬʝʨʝʥʮʠʠ çʉʦʚʨʝʤʝʥʥʳʝ ʧʨʦʙʣʝʤʳ ʵʢʦʣʦʛʠʠ, ʤʠʢʨʦʙʠʦʣʦʛʠʠ ʠ 

ʠʤʤʫʥʦʣʦʛʠʠè (ʇʝʨʤʴ, 1999), ʥʘ VII  ʂʦʤʠ ʨʝʩʧʫʙʣʠʢʘʥʩʢʦʡ ʤʦʣʦʜʝʞʥʦʡ 

ʥʘʫʯʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çɸʢʪʫʘʣʴʥʳʝ ʧʨʦʙʣʝʤʳ ʙʠʦʣʦʛʠʠ ʠ ʵʢʦʣʦʛʠʠè 

(ʉʳʢʪʳʚʢʘʨ, 2000), ʥʘ ʄʝʞʚʫʟʦʚʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çʕʢʦʣʦʛʠʷ: ʧʨʦʙʣʝʤʳ ʠ 

ʧʫʪʠ ʨʝʰʝʥʠʷè (ʇʝʨʤʴ, 1999, 2000), ʥʘ V ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ 

çʇʨʦʙʣʝʤʳ ʟʘʛʨʷʟʥʝʥʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳè (ɺʦʣʛʦʛʨʘʜ-ʇʝʨʤʴ, 2001), 

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

2002, 2004, 2005, 2006, 2010, 2012, 2013, 2014, 2016, 2017, 2020), ʥʘ 

ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çɸʢʪʫʘʣʴʥʳʝ ʧʨʦʙʣʝʤʳ ʩʦʚʨʝʤʝʥʥʦʡ ʥʘʫʢʠè 

(ʉʘʤʘʨʘ, 2004), ʥʘ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çʉʦʚʨʝʤʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʠ 

ʧʝʨʩʧʝʢʪʠʚʳ ʨʘʟʚʠʪʠʷ ʤʠʢʨʦʙʠʦʣʦʛʠʠ ʠ ʙʠʦʪʝʭʥʦʣʦʛʠʠè (ʄʠʥʩʢ, 2004, 2008, 
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2010), ʥʘ ʤʦʩʢʦʚʩʢʦʤ ʤʝʞʜʫʥʘʨʦʜʥʦʤ ʢʦʥʛʨʝʩʩʝ çɹʠʦʪʝʭʥʦʣʦʛʠʷ: ʩʦʩʪʦʷʥʠʝ 

ʠ ʧʝʨʩʧʝʢʪʠʚʳ ʨʘʟʚʠʪʠʷè (ʄʦʩʢʚʘ, 2005), ʥʘ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ 

çʄʠʢʨʦʙʥʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ: ʩʦʩʪʦʷʥʠʝ, ʩʪʨʘʪʝʛʠʷ ʩʦʭʨʘʥʝʥʠʷ, 

ʙʠʦʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣè (ʇʝʨʤʴ, 2005), International scientific 

conference çMicrobial Biotechnologyè (Chisinau, Mʦldova, 2009, 2011, 2016), 

ʥʘ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çʈʘʟʥʦʦʙʨʘʟʠʝ ʧʦʯʚ ʠ ʙʠʦʪʳ ʉʝʚʝʨʥʦʡ ʠ 

ʎʝʥʪʨʘʣʴʥʦʡ ɸʟʠʠè (ʋʣʘʥ-ʋʜʝ, 2011), ʥʘ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʰʢʦʣʝ-ʩʝʤʠʥʘʨʝ 

çɸʥʪʨʦʧʦʛʝʥʥʘʷ ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʧʨʠʨʦʜʥʦʡ ʩʨʝʜʳè (ʇʝʨʤʴ, 2012, 2014, 2015, 

2018), ʥʘ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çʄʠʢʨʦʙʥʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ: 

ʨʝʩʫʨʩʥʳʡ ʧʦʪʝʥʮʠʘʣè (ʇʝʨʤʴ, 2016), ʥʘ ʈʦʩʩʠʡʩʢʦʤ ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʦʤ 

ʢʦʥʛʨʝʩʩʝ (ʄʦʩʢʚʘ, 2017), ʥʘ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çɺʳʩʦʢʠʝ 

ʪʝʭʥʦʣʦʛʠʠ, ʦʧʨʝʜʝʣʷʶʱʠʝ ʢʘʯʝʩʪʚʦ ʞʠʟʥʠè (ʇʝʨʤʴ, 2018), 

ʥʘ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çʆʪʭʦʜʳ, ʧʨʠʯʠʥʳ ʦʙʨʘʟʦʚʘʥʠʷ ʠ 

ʧʝʨʩʧʝʢʪʠʚʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷè (ʂʨʘʩʥʦʜʘʨ, 2019), ʥʘ ʤʝʞʜʫʥʘʨʦʜʥʦʡ 

ʢʦʥʬʝʨʝʥʮʠʠ çɸʢʪʫʘʣʴʥʳʝ ʚʦʧʨʦʩʳ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠ ʙʠʦʪʝʭʥʦʣʦʛʠʠè 

(ɽʢʘʪʝʨʠʥʙʫʨʛ, 2020). 

 

ʇʫʙʣʠʢʘʮʠʠ 

ʇʦ ʤʘʪʝʨʠʘʣʘʤ ʜʠʩʩʝʨʪʘʮʠʠ ʦʧʫʙʣʠʢʦʚʘʥʦ 135 ʧʝʯʘʪʥʳʭ ʨʘʙʦʪ, 

ʚʢʣʶʯʘʷ 1 ʦʙʟʦʨʥʫʶ ʠ 55 ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʩʪʘʪʝʡ, ʠʟ ʢʦʪʦʨʳʭ 30 ʩʪʘʪʝʡ 

ʦʧʫʙʣʠʢʦʚʘʥ rʚ ʞʫʨʥʘʣʘʭ, ʚʭʦʜʷʱʠʭ ʚ ʤʝʞʜʫʥʘʨʦʜʥʳʝ ʙʘʟʳ ʮʠʪʠʨʦʚʘʥʠʷ 

SCOPUS ʠ Web of Science (Journal of Hazardous Materials (Q1), International 

Biodeterioration and Biodegradation (Q1), Environmental Geochemistry and 

Health (Q1), Journal of  Environmental Science and Health. Part B (Q2), Water 

Air  and Soil Pollution (Q2), ʄʠʢʨʦʙʠʦʣʦʛʠʷ, ʇʨʠʢʣʘʜʥʘʷ ʙʠʦʭʠʤʠʷ ʠ 

ʤʠʢʨʦʙʠʦʣʦʛʠʷ, ʕʢʦʣʦʛʠʷ, ɹʠʦʪʝʭʥʦʣʦʛʠʷ, ɼʦʢʣʘʜʳ ɸʢʘʜʝʤʠʠ ʅʘʫʢ, 

ʄʦʣʝʢʫʣʷʨʥʘʷ ʙʠʦʣʦʛʠʷ, ʕʢʦʣʦʛʠʷ ʯʝʣʦʚʝʢʘ, ʇʦʯʚʦʚʝʜʝʥʠʝ, ʕʢʦʣʦʛʠʯʝʩʢʘʷ 

ʛʝʥʝʪʠʢʘ), 12 ʩʪʘʪʝʡ ʚ ʞʫʨʥʘʣʘʭ ʩʧʠʩʢʘ ɺɸʂ, 14 ʩʪʘʪʝʡ ʚ ʜʨʫʛʠʭ ʞʫʨʥʘʣʘʭ, 

74 ʧʫʙʣʠʢʘʮʠʠ ʚ ʤʘʪʝʨʠʘʣʘʭ ʨʦʩʩʠʡʩʢʠʭ ʠ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʢʦʥʬʝʨʝʥʮʠʡ, 

5 ʧʘʪʝʥʪʦʚ. 
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ʆʙʲʝʤ ʠ ʩʪʨʫʢʪʫʨʘ ʜʠʩʩʝʨʪʘʮʠʠ  

ɼʠʩʩʝʨʪʘʮʠʷ ʠʟʣʦʞʝʥʘ ʥʘ 358 ʩʪʨʘʥʠʮʘʭ ʤʘʰʠʥʦʧʠʩʥʦʛʦ ʪʝʢʩʪʘ, 

ʩʦʜʝʨʞʠʪ 42 ʪʘʙʣʠʮʳ, 84 ʨʠʩʫʥʢʘ, 5 ʧʨʠʣʦʞʝʥʠʡ. ɼʠʩʩʝʨʪʘʮʠʷ ʩʦʩʪʦʠʪ ʠʟ 

ʚʚʝʜʝʥʠʷ, ʦʙʟʦʨʘ ʣʠʪʝʨʘʪʫʨʳ, ʦʧʠʩʘʥʠʷ ʤʘʪʝʨʠʘʣʦʚ ʠ ʤʝʪʦʜʦʚ, ʯʝʪʳʨʝʭ ʛʣʘʚ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʟʘʢʣʶʯʝʥʠʷ, ʚʳʚʦʜʦʚ, ʩʧʠʩʢʘ ʣʠʪʝʨʘʪʫʨʳ, 

ʚʢʣʶʯʘʶʱʝʛʦ 450 ʣʠʪʝʨʘʪʫʨʥʳʭ ʠʩʪʦʯʥʠʢʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ 60 ʥʘ ʨʫʩʩʢʦʤ ʠ 

390 ʥʘ ʘʥʛʣʠʡʩʢʦʤ ʷʟʳʢʘʭ. ɺ ʇʨʠʣʦʞʝʥʠʷʭ ʧʨʠʚʝʜʝʥʳ ʧʦʣʥʳʡ ʧʝʨʝʯʝʥʴ 

ʰʪʘʤʤʦʚ, ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʚ ʨʘʙʦʪʝ, ʢʘʨʪʳ-ʩʭʝʤʳ ʨʘʡʦʥʦʚ ʦʪʙʦʨʘ ʧʦʯʚʝʥʥʳʭ 

ʦʙʨʘʟʮʦʚ, ʩʦʩʪʘʚ ʢʦʤʤʝʨʯʝʩʢʠʭ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʩʤʝʩʝʡ 

ʧʦʣʠʭʣʦʨʠʨʦʚʘʥʥʳʭ ʙʠʬʝʥʠʣʦʚ, ʩʦʩʪʘʚ ʩʤʝʩʝʡ ʭʠʤʠʯʝʩʢʠ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʧʦʣʠʭʣʦʨʙʠʬʝʥʠʣʦʚ. 

  

ʉʚʷʟʴ ʨʘʙʦʪʳ ʩ ʢʨʫʧʥʳʤʠ ʥʘʫʯʥʳʤʠ ʧʨʦʛʨʘʤʤʘʤʠ  

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʣʘʥʦʤ ʅʀʈ çʀʕɻʄ ʋʨʆ ʈɸʅè - 

ʬʠʣʠʘʣʘ ʇʌʀʎ ʋʨʆ ʈɸʅ ʚ ʨʘʤʢʘʭ ʪʝʤ çɹʠʦʭʠʤʠʯʝʩʢʠʝ ʠ ʛʝʥʝʪʠʯʝʩʢʠʝ 

ʩʠʩʪʝʤʳ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʩʣʦʞʥʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʫ ʙʘʢʪʝʨʠʡ, 

ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʜʣʷ ʙʠʦʪʝʭʥʦʣʦʛʠʠè (ɻʈ ˉ  0120.0406511), 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). ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʝʜʝʥʳ ʚ ʨʘʤʢʘʭ 

ʇʨʦʛʨʘʤʤʳ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʇʨʝʟʠʜʠʫʤʘ ʈɸʅ 

çʄʦʣʝʢʫʣʷʨʥʘʷ ʠ ʢʣʝʪʦʯʥʘʷ ʙʠʦʣʦʛʠʷè, ʇʨʦʛʨʘʤʤʳ ʤʝʞʜʠʩʮʠʧʣʠʥʘʨʥʳʭ 

ʧʨʦʝʢʪʦʚ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʋʨʆ ʈɸʅ ʧʨʦʝʢʪ ˉ 12-ʄ-34-2036, 

ʂʦʤʧʣʝʢʩʥʦʡ ʧʨʦʛʨʘʤʤʳ ʋʨʆ ʈɸʅ ʧʨʦʝʢʪ ˉ 18-3-8-19. ʀʩʩʣʝʜʦʚʘʥʠʷ 

ʚʳʧʦʣʥʝʥʳ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʦʚ ʈʌʌʀ (ˉ 11-04-96028, ˉ 13-04-96049, 

 ̄14-04-96021, ˉ 18-29-05016), ʤʦʣʦʜʝʞʥʳʭ ʛʨʘʥʪʦʚ ʋʨʆ ʈɸʅ ˉ 10-4-ʀʇ-

161.  

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʙʦʨʫʜʦʚʘʥʠʷ ʎʂʇ 

çʉʧʝʢʪʨʦʩʢʦʧʠʷ ʠ ʘʥʘʣʠʟ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡè (ʎʂʇ çʉɸʆʉè), ʎʂʇ 
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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 

ɸʚʪʦʨʫ ʧʨʠʥʘʜʣʝʞʠʪ ʚʳʙʦʨ ʧʨʦʙʣʝʤʳ, ʧʦʩʪʘʥʦʚʢʘ ʮʝʣʝʡ ʠ ʟʘʜʘʯ 

ʠʩʩʣʝʜʦʚʘʥʠʡ, ʚʳʙʦʨ ʦʙʲʝʢʪʦʚ ʠ ʤʝʪʦʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʫʯʘʩʪʠʝ ʚ ʨʘʟʨʘʙʦʪʢʝ 

ʤʝʪʦʜʠʢ ʠʩʩʣʝʜʦʚʘʥʠʷ, 90%-ʥʦʝ ʫʯʘʩʪʠʝ ʚ ʣʘʙʦʨʘʪʦʨʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ, 

ʘʥʘʣʠʟʝ ʠ ʦʙʦʙʱʝʥʠʠ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ, ʧʦʜʛʦʪʦʚʢʝ ʥʘʫʯʥʳʭ 

ʧʫʙʣʠʢʘʮʠʡ, ʥʘʫʯʥʦʝ ʨʫʢʦʚʦʜʩʪʚʦ ʩʪʫʜʝʥʪʘʤʠ ʠ ʘʩʧʠʨʘʥʪʘʤʠ.  

 

ɹʣʘʛʦʜʘʨʥʦʩʪʠ 

ɸʚʪʦʨ ʚʳʨʘʞʘʝʪ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʜ.ʤ.ʥ., ʧʨʦʬʝʩʩʦʨʫ, ʯʣ.-ʢʦʨʨ. ʈɸʅ 

ɺʠʪʘʣʠʶ ɸʣʝʢʩʝʝʚʠʯʫ ɼʝʤʘʢʦʚʫ ʟʘ ʤʥʦʛʦʣʝʪʥʶʶ ʧʦʤʦʱʴ ʚ ʦʨʛʘʥʠʟʘʮʠʠ 

ʠʩʩʣʝʜʦʚʘʥʠʡ; ʚʝʜ. ʥʘʫʯʥ. ʩʦʪʨʫʜʥʠʢʫ ʀʆʉ ʋʨʆ ʈɸʅ, ʜ.ʭ.ʥ. ʊʘʪʴʷʥʝ 

ʀʚʘʥʦʚʥʝ ɻʦʨʙʫʥʦʚʦʡ ʠ ʩ.ʥ.ʩ. ʀʆʉ ʋʨʆ ʈɸʅ, ʢ.ʭ.ʥ. ʄʘʨʠʥʝ ɻʝʥʥʘʜʴʝʚʥʝ 

ʇʝʨʚʦʚʦʡ ʟʘ ʧʦʤʦʱʴ ʚ ʩʦʚʤʝʩʪʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʧʦ ʙʠʦʜʝʩʪʨʫʢʮʠʠ 

ʭʠʤʠʯʝʩʢʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʇʍɹ; ʚʝʜ. ʥʘʫʯʥ. ʩʦʪʨʫʜʥʠʢʫ ʣʘʙʦʨʘʪʦʨʠʠ 

ʤʠʢʨʦʙʥʦʡ ʵʥʟʠʤʦʣʦʛʠʠ ʀɹʌʄ ʈɸʅ ʌʀʎ ʇʅʎ ɹʀ ʈɸʅ, ʇʫʱʠʥʦ, 

ʜ.ʙ.ʥ. ʀʥʥʝ ʇʝʪʨʦʚʥʝ ʉʦʣʷʥʠʢʦʚʦʡ ʟʘ ʧʦʤʦʱʴ ʚ ʩʦʚʤʝʩʪʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ 

ʧʦ ʠʟʫʯʝʥʠʶ ʬʝʨʤʝʥʪʦʚ ʘʢʪʠʚʥʳʭ ʰʪʘʤʤʦʚ-ʜʝʩʪʨʫʢʪʦʨʦʚ. 

ɸʚʪʦʨ ʚʳʨʘʞʘʝʪ ʛʣʫʙʦʢʫʶ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʥʘʫʯʥʦʤʫ ʢʦʥʩʫʣʴʪʘʥʪʫ, ʟʘʚ. 

ʣʘʙ. ʤʠʢʨʦʙʠʦʣʦʛʠʠ ʪʝʭʥʦʛʝʥʥʳʭ ʵʢʦʩʠʩʪʝʤ çʀʕɻʄ ʋʨʆ ʈɸʅè - ʬʠʣʠʘʣ 

ʇʌʀʎ ʋʨʆ ʈɸʅ, ʜ.ʙ.ʥ. ʇʣʦʪʥʠʢʦʚʦʡ ɽʣʝʥʝ ɻʝʥʨʠʭʦʚʥʝ ʟʘ ʤʥʦʛʦʣʝʪʥʶʶ 

ʧʦʜʜʝʨʞʢʫ ʠ ʚʥʠʤʘʥʠʝ ʢ ʧʨʦʚʦʜʠʤʳʤ ʠʩʩʣʝʜʦʚʘʥʠʷʤ. 
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ɻʃɸɺɸ 1. ʆɹɿʆʈ ʃʀʊɽʈɸʊʋʈʓ 

 

1.1. ʆʙʱʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʦʣʠʭʣʦʨʠʨʦʚʘʥʥʳʭ ʙʠʬʝʥʠʣʦʚ 

ʇʦʣʠʭʣʦʨʠʨʦʚʘʥʥʳʝ ʙʠʬʝʥʠʣʳ (ʇʍɹ) - ʛʨʫʧʧʘ ʚʳʩʦʢʦ ʦʧʘʩʥʳʭ ʜʣʷ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʠ ʯʝʣʦʚʝʢʘ ʩʦʝʜʠʥʝʥʠʡ. ɺ ʢʦʥʮʝ 20-ʛʦ ʚʝʢʘ ʚ ʨʘʤʢʘʭ 

ʧʨʦʛʨʘʤʤʳ ʆʆʅ ʧʦ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ (ʖʅɽʇ) ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ 

ʤʝʞʜʫʥʘʨʦʜʥʳʝ ʜʦʢʫʤʝʥʪʳ, ʩʦʜʝʨʞʘʱʠʝ ʩʚʝʜʝʥʠʷ ʦ ʚʝʱʝʩʪʚʘʭ 

ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ, ʷʚʣʷʶʱʠʭʩʷ ʫʛʨʦʟʦʡ ʵʢʦʣʦʛʠʯʝʩʢʦʤʫ 

ʙʣʘʛʦʧʦʣʫʯʠʶ, ʠ ʨʝʛʣʘʤʝʥʪʠʨʫʶʱʠʝ ʠʭ ʜʘʣʴʥʝʡʰʝʝ ʧʨʠʤʝʥʝʥʠʝ. ʅʘ 

ʦʩʥʦʚʘʥʠʠ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʠʨʦʚʳʤ ʩʦʦʙʱʝʩʪʚʦʤ ʚ 2001 ʛ ʙʳʣʘ 

ʧʨʠʥʷʪʘ ʉʪʦʢʛʦʣʴʤʩʢʘʷ ʢʦʥʚʝʥʮʠʷ çʆ ʩʪʦʡʢʠʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʟʘʛʨʷʟʥʠʪʝʣʷʭè, 

ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʦʡ ʚʝʱʝʩʪʚʘ, ʚʦʰʝʜʰʠʝ ʚ ʩʧʠʩʦʢ ʩʪʦʡʢʠʭ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʟʘʛʨʷʟʥʠʪʝʣʝʡ (ʉʆɿ), ʜʦʣʞʥʳ ʙʳʪʴ ʚʳʚʝʜʝʥʳ ʠʟ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʫʥʠʯʪʦʞʝʥʳ 

(Final act..., 2001). ʈʦʩʩʠʷ ʨʘʪʠʬʠʮʠʨʦʚʘʣʘ ʉʪʦʢʛʦʣʴʤʩʢʫʶ ʢʦʥʚʝʥʮʠʶ 

27 ʠʶʥʷ 2011 ʛ, ʧʨʠʥʷʚ ʥʘ ʩʝʙʷ ʦʙʷʟʘʪʝʣʴʩʪʚʘ ʧʦ ʝʝ ʨʝʘʣʠʟʘʮʠʠ (ʌɿ ˉ164 ʦʪ 

27.06.2011).  

ɺ ʧʝʨʚʦʥʘʯʘʣʴʥʳʡ ʧʝʨʝʯʝʥʴ ʉʆɿ (çʛʨʷʟʥʘʷ ʜʶʞʠʥʘè) ʚʦʰʣʠ: 

ʧʝʩʪʠʮʠʜʳ (ʘʣʴʜʨʠʥ, ʵʥʜʨʠʥ, ʜʠʣʴʜʨʠʥ, ʭʣʦʨʜʘʥ, ʜʠʭʣʦʨ-ʜʠʬʝʥʠʣ-

ʪʨʠʭʣʦʨʵʪʘʥ, ʪʦʢʩʘʬʝʥ, ʤʠʨʝʢʩ, ʛʝʧʪʘʭʣʦʨ, ʛʝʢʩʘʭʣʦʨʙʝʥʟʦʣ), ʮʝʣʝʚʳʝ 

ʧʨʦʜʫʢʪʳ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ (ʧʦʣʠʭʣʦʨʠʨʦʚʘʥʥʳʝ ʙʠʬʝʥʠʣʳ 

(ʇʍɹ)), ʧʦʙʦʯʥʳʝ ʧʨʦʜʫʢʪʳ ʧʨʦʠʟʚʦʜʩʪʚʘ (ʧʦʣʠʭʣʦʨʠʨʦʚʘʥʥʳʝ 

ʜʠʙʝʥʟʦʜʠʦʢʩʠʥʳ (ʇʍɼɼ), ʧʦʣʠʭʣʦʨʠʨʦʚʘʥʥʳʝ ʜʠʙʝʥʟʦʬʫʨʘʥʳ (ʇʍɼʌ)). 

ʇʍɹ ʷʚʣʷʶʪʩʷ ʦʜʥʠʤʠ ʠʟ ʩʘʤʳʭ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʟʘʛʨʷʟʥʠʪʝʣʝʡ ʠʟ ʩʧʠʩʢʘ 

ʉʆɿ. ʉʦʛʣʘʩʥʦ ʉʪʦʢʛʦʣʴʤʩʢʦʡ ʢʦʥʚʝʥʮʠʠ, ʟʘʧʘʩʳ ʇʍɹ ʜʦʣʞʥʳ ʙʳʪʴ 

ʫʥʠʯʪʦʞʝʥʳ ʢ 2025 ʛ, ʘ ʪʘʢʞʝ ʇʍɹ ʜʦʣʞʥʳ ʙʳʪʴ ʫʜʘʣʝʥʳ ʠʟ ʦʙʲʝʢʪʦʚ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ (ʧʦʯʚʳ, ʜʦʥʥʳʝ ʦʪʣʦʞʝʥʠʷ) (http://chm.pops.int). 

ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʇʍɹ 

ɺ ʦʩʥʦʚʝ ʭʠʤʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʧʦʣʠʭʣʦʨʠʨʦʚʘʥʥʳʭ ʙʠʬʝʥʠʣʦʚ ʣʝʞʠʪ 

ʙʠʬʝʥʠʣ ï ʧʦ ʩʚʦʝʤʫ ʩʪʨʦʝʥʠʶ ʦʥ ʧʨʝʜʩʪʘʚʣʷʝʪ ʜʚʘ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʮʠʢʣʘ, 

ʩʦʝʜʠʥʝʥʥʳʭ ʉ-ʉ ʩʚʷʟʴʶ. ʇʍɹ ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʚ ʨʝʟʫʣʴʪʘʪʝ 

http://chm.pops.int/
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ʭʣʦʨʠʨʦʚʘʥʠʷ ʤʦʣʝʢʫʣʳ ʙʠʬʝʥʠʣʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʞʝʣʝʟʥʦʡ ʩʪʨʫʞʢʠ. 

ʂʦʣʠʯʝʩʪʚʦ ʟʘʤʝʩʪʠʪʝʣʝʡ ʚ ʤʦʣʝʢʫʣʝ ʙʠʬʝʥʠʣʘ ʟʘʚʠʩʝʣʦ ʦʪ ʚʨʝʤʝʥʠ 

ʧʨʦʪʝʢʘʥʠʷ ʨʝʘʢʮʠʠ ʠ ʩʦʩʪʘʚʣʷʣʦ ʦʪ 1 ʜʦ 10 ʘʪʦʤʦʚ ʭʣʦʨʘ ʥʘ ʤʦʣʝʢʫʣʫ 

ʙʠʬʝʥʠʣʘ (ʨʠʩʫʥʦʢ 1). 

 

x + y = m, m = ʦʪ 1 ʜʦ 10. 

ʈʠʩʫʥʦʢ 1 ï ʍʠʤʠʯʝʩʢʘʷ ʬʦʨʤʫʣʘ ʤʦʣʝʢʫʣʳ ʧʦʣʠʭʣʦʨʙʠʬʝʥʠʣʦʚ: 

x, y ï ʢʦʣʠʯʝʩʪʚʦ ʟʘʤʝʩʪʠʪʝʣʝʡ ʚ ʢʘʞʜʦʤ ʢʦʣʴʮʝ 

 

ɺʩʝʛʦ ʢ ʛʨʫʧʧʝ ʇʍɹ ʦʪʥʦʩʠʪʩʷ 209 ʢʦʥʛʝʥʝʨʦʚ, ʦʪʣʠʯʘʶʱʠʭʩʷ 

ʢʦʣʠʯʝʩʪʚʦʤ ʠ ʧʦʣʦʞʝʥʠʝʤ ʟʘʤʝʩʪʠʪʝʣʝʡ ʚ ʤʦʣʝʢʫʣʝ. ɹʝʥʟʦʣʴʥʳʝ ʢʦʣʴʮʘ 

ʤʦʛʫʪ ʨʘʩʧʦʣʘʛʘʪʴʩʷ ʚ ʦʜʥʦʡ ʧʣʦʩʢʦʩʪʠ ʠʣʠ ʧʦʜ ʫʛʣʦʤ ʜʨʫʛ ʢ ʜʨʫʛʫ (ʫʛʦʣ 

ʤʦʞʝʪ ʩʦʩʪʘʚʣʷʪʴ ʜʦ 90Ü). ʇʦʣʦʞʝʥʠʝ ʙʝʥʟʦʣʴʥʳʭ ʢʦʣʝʮ ʟʘʚʠʩʠʪ ʦʪ 

ʢʦʣʠʯʝʩʪʚʘ ʟʘʤʝʩʪʠʪʝʣʝʡ ʚ ʦʨʪʦ-ʧʦʣʦʞʝʥʠʠ. ʄʦʣʝʢʫʣʷʨʥʘʷ ʤʘʩʩʘ ʇʍɹ 

ʩʦʩʪʘʚʣʷʝʪ 188.7ï498.7 ʫ ʨʘʟʣʠʯʥʳʭ ʢʦʥʛʝʥʝʨʥʳʭ ʛʨʫʧʧ, ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʚ 

ʚʦʜʝ ʢʦʣʝʙʣʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 0.000001ï5.5 ʤʛ/ʜʤ3, logKʦʚ ï 0.015ï8.26, ʦʜʥʘʢʦ, 

ʇʍɹ ʭʦʨʦʰʦ ʨʘʩʪʚʦʨʠʤʳ ʚ ʞʠʨʘʭ, ʤʘʩʣʘʭ ʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ. 

ʇʍɹ ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʠʤʠ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ 

(ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʢʦʥʩʪʘʥʪʘ 2.5ï2.7), ʚʳʩʦʢʦʡ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴʶ ʠ ʚʳʩʦʢʦʡ 

ʪʝʤʧʝʨʘʪʫʨʦʡ ʚʩʧʳʰʢʠ (170ï380Üʉ). ʇʍɹ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʚʳʩʦʢʦʡ 

ʭʠʤʠʯʝʩʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʴʶ, ʥʝ ʧʦʜʜʘʶʪʩʷ ʛʠʜʨʦʣʠʟʫ ʠ ʦʢʠʩʣʝʥʠʶ ʚ ʰʠʨʦʢʦʤ 

ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ, ʫʩʪʦʡʯʠʚʳ ʢ ʜʝʡʩʪʚʠʶ ʢʠʩʣʦʪ ʠ ʱʝʣʦʯʝʡ. ʇʦ 

ʘʛʨʝʛʘʪʥʦʤʫ ʩʦʩʪʦʷʥʠʶ ʩʤʝʩʠ ʇʍɹ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʤʘʩʣʘ ʠ ʩʤʦʣʳ, ʦʪ 

ʙʝʩʮʚʝʪʥʳʭ ʜʦ ʞʝʣʪʳʭ (ɻʦʨʙʫʥʦʚʘ ʠ ʜʨ., 2018). 
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ʇʨʦʠʟʚʦʜʩʪʚʦ ʠ ʧʨʠʤʝʥʝʥʠʝ 

ʇʨʦʤʳʰʣʝʥʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ʇʍɹ ʙʳʣʦ ʦʪʢʨʳʪʦ ʚ ʉʐɸ ʚ 1929 ʛ, ʚ 

ʉʉʉʈ ï ʚ 1939 ʛ. ɺ ʵʪʦʪ ʞʝ ʦʪʨʝʟʦʢ ʚʨʝʤʝʥʠ ʧʨʝʜʧʨʠʷʪʠʷ ʧʦ ʧʨʦʠʟʚʦʜʩʪʚʫ 

ʇʍɹ ʙʳʣʠ ʦʪʢʨʳʪʳ ʚ ʨʷʜʝ ʩʪʨʘʥ ɽʚʨʦʧʳ ʠ ʚ ʗʧʦʥʠʠ. ʇʍɹ ʧʨʦʠʟʚʦʜʠʣʠ ʚ 

ʚʠʜʝ ʩʤʝʩʝʡ, ʩʦʜʝʨʞʘʱʠʭ ʦʪ 30 ʜʦ 70 ʢʦʥʛʝʥʝʨʦʚ, ʧʦʜ ʨʘʟʣʠʯʥʳʤʠ 

ʪʦʨʛʦʚʳʤʠ ʤʘʨʢʘʤʠ: Aroclor ï ʚ ʉʐɸ, Delor (ʏʝʭʦʩʣʦʚʘʢʠʷ), Klofen 

(ɻʝʨʤʘʥʠʷ), Kaneclor (ʗʧʦʥʠʷ), ʉʦʚʦʣ, ʉʦʚʪʦʣ, ʊʨʠʭʣʦʨʙʠʬʝʥʠʣ (ʊʍɹ) 

(ʉʉʉʈ), Fenclor (ʌʨʘʥʮʠʷ) (ʊʨʝʛʝʨ, 2013; Erikson, Kaley II , 2011). ʂʘʞʜʘʷ ʠʟ 

ʫʢʘʟʘʥʥʳʭ ʤʘʨʦʢ ʠʤʝʝʪ ʝʱʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʮʠʬʨʦʚʦʝ ʦʙʦʟʥʘʯʝʥʠʝ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʝ ʩʦʦʪʥʦʰʝʥʠʝ ʚʭʦʜʷʱʠʭ ʚ ʥʝʝ ʢʦʥʛʝʥʝʨʦʚ. ʉʦʩʪʘʚ ʉʦʚʦʣʘ ʠ 

ʊʍɹ, ʘ ʪʘʢʞʝ ʩʦʦʪʥʦʰʝʥʠʝ ʥʝʢʦʪʦʨʳʭ ʢʦʤʤʝʨʯʝʩʢʠʭ ʩʤʝʩʝʡ ʇʍɹ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʇʨʠʣʦʞʝʥʠʠ 1 (ʂʠʨʠʯʝʥʢʦ ʠ ʜʨ., 2000; ʇʝʨʚʦʚʘ ʠ ʜʨ., 2015; 

Erikson, Kaley II , 2011). ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʨʷʜ ʢʦʤʤʝʨʯʝʩʢʠʭ ʩʤʝʩʝʡ, 

ʚʳʧʫʩʢʘʚʰʠʭʩʷ ʚ ʨʘʟʥʳʭ ʩʪʨʘʥʘʭ, ʠʤʝʶʪ ʦʯʝʥʴ ʙʣʠʟʢʠʡ ʩʦʩʪʘʚ. ʆʜʥʠʤ ʠʟ 

ʪʘʢʠʭ ʧʨʠʤʝʨʦʚ ʷʚʣʷʶʪʩʷ ʩʤʝʩʠ ʊʍɹ (ʉʉʉʈ) ʠ Delor 103 (ʏʝʭʦʩʣʦʚʘʢʠʷ). 

ʉʦʚʦʣ ʥʝʩʢʦʣʴʢʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʠʤʧʦʨʪʥʳʭ ʘʥʘʣʦʛʦʚ (ʇʨʠʣʦʞʝʥʠʝ 1, 

ʪʘʙʣʠʮʘ 32).  

ʅʘ ʪʝʨʨʠʪʦʨʠʠ ʈʦʩʩʠʠ ʢʦʤʤʝʨʯʝʩʢʠʝ ʩʤʝʩʠ ʇʍɹ ʚʳʧʫʩʢʘʣʠ ʥʘ ʇʆ 

çʆʨʛʩʪʝʢʣʦè ʛ. ɼʟʝʨʞʠʥʩʢ, ʆɸʆ çʆʨʛʩʠʥʪʝʟè ʛ. ʅʦʚʦʤʦʩʢʦʚʩʢ. ɻʝʦʛʨʘʬʠʷ 

ʧʨʝʜʧʨʠʷʪʠʡ, ʠʩʧʦʣʴʟʦʚʘʚʰʠʭ ʇʍɹ ʢʘʢ ʦʩʥʦʚʥʦʝ ʩʳʨʴʝ ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤ 

ʮʠʢʣʝ, ʩʫʱʝʩʪʚʝʥʥʦ ʰʠʨʝ: ʆɸʆ çʉʨʝʜʥʝ-ʚʦʣʞʩʢʠʡ ʟʘʚʦʜ ʭʠʤʠʢʘʪʦʚè 

ʛ. ʏʘʧʘʝʚʩʢ, ʢʦʥʜʝʥʩʘʪʦʨʥʳʡ ʟʘʚʦʜ ʛ. ʉʝʨʧʫʭʦʚ (ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ɸʆʆʊ 

çʂɺɸʈè), ʥʝʬʪʝ- ʠ ʤʘʩʣʦʟʘʚʦʜʳ ʛʛ. ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, 

ʆʨʝʥʙʫʨʛ, ʋʬʘ, ʇʝʨʤʴ. ʇʦʪʨʝʙʠʪʝʣʷʤʠ ʧʨʦʜʫʢʮʠʠ ʜʘʥʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚ 

ʷʚʣʷʶʪʩʷ ʧʨʝʜʧʨʠʷʪʠʷ ʪʦʧʣʠʚʥʦ-ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ, ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʛʦ ʠ 

ʭʠʤʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʩʪʨʘʥʳ. 

ʇʍɹ ʧʨʠʤʝʥʷʣʠ ʚ ʢʘʯʝʩʪʚʝ ʜʠʵʣʝʢʪʨʠʢʦʚ ʚ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘʭ ʠ 

ʢʦʥʜʝʥʩʘʪʦʨʘʭ, ʚ ʩʦʩʪʘʚʝ ʧʣʘʩʪʠʬʠʢʘʪʦʨʦʚ, ʩʤʘʟʦʯʥʳʭ ʩʤʝʩʝʡ, ʣʘʢʦʚ, ʢʨʘʩʦʢ, 

ʢʣʝʝʚ, ʪʝʧʣʦʥʦʩʠʪʝʣʝʡ, ʭʣʘʜʘʛʝʥʪʦʚ, ʵʣʘʩʪʦʤʝʨʦʚ, ʧʦʣʠʚʠʥʠʣʭʣʦʨʠʜʦʚ, 

ʥʝʦʧʨʝʥʘ, ʧʣʘʩʪʤʘʩʩ, ʧʝʥʦʨʝʟʠʥʳ, ʢʨʦʚʝʣʴʥʳʭ ʠ ʠʟʦʣʷʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 
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(ʪʦʨʛʦʚʳʝ ʤʘʨʢʠ Galbestos, Armaflex, Arobor), ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʠ ʩʤʘʟʦʯʥʳʭ 

ʞʠʜʢʦʩʪʝʡ (ʪʦʨʛʦʚʳʝ ʤʘʨʢʠ Turbinol, Santovac) (Zhang et al., 2014; Xu et al., 

2016; Zhao et al., 2016). ɿʘ ʚʨʝʤʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʙʳʣʦ ʩʠʥʪʝʟʠʨʦʚʘʥʦ ʙʦʣʝʝ 

1 ʤʣʥ. ʪʦʥʥ ʨʘʟʣʠʯʥʳʭ ʩʤʝʩʝʡ ʇʍɹ (Reddi et al. 2019). ʇʦ ʨʘʟʣʠʯʥʳʤ 

ʦʮʝʥʢʘʤ ʚ ʦʙʲʝʢʪʘʭ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʥʘʭʦʜʠʪʩʷ ʧʦʨʷʜʢʘ 40% ʚʩʝʭ 

ʧʨʦʠʟʚʝʜʝʥʥʳʭ ʇʍɹ. ʋʨʦʚʝʥʴ ʟʘʛʨʷʟʥʝʥʥʦʩʪʠ ʧʦʯʚ ʠ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ 

ʚʘʨʴʠʨʫʝʪ ʦʪ 1ï2 ʇɼʂ ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʜʝʩʷʪʢʦʚ ʪʳʩʷʯ ʇɼʂ. ʉʦʛʣʘʩʥʦ 

ʠʥʚʝʥʪʘʨʠʟʘʮʠʠ 2000 ʛ ʚ ʈʦʩʩʠʠ ʚ ʩʦʩʪʘʚʝ ʦʙʦʨʫʜʦʚʘʥʠʷ ʥʘʭʦʜʠʪʩʷ ʦʢʦʣʦ 28ï

35 ʪʳʩ. ʪ. ʩʤʝʩʝʡ ʇʍɹ, ʠʟ ʥʠʭ ʦʢʦʣʦ 21 ʪʳʩ. ʪ. ï ʉʦʚʦʣ ʠ ʉʦʚʪʦʣ, ʠ ʦʢʦʣʦ 

14 ʪʳʩ. ʪ. ï ʊʨʠʭʣʦʨʙʠʬʝʥʠʣ (ʊʨʝʛʝʨ, 2013; Erikson, Kaley II , 2011). ɼʘʥʥʳʝ 

ʦʙ ʘʥʘʣʠʟʝ ʢʦʣʠʯʝʩʪʚʘ ʇʍɹ ʚ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʈʌ 

ʦʪʩʫʪʩʪʚʫʶʪ, ʥʦ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʟʘʛʨʷʟʥʸʥʥʳʤʠ ʷʚʣʷʶʪʩʷ ʨʘʡʦʥʳ ʠʭ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʘʢʪʠʚʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ, ʚ ʪʦʤ ʯʠʩʣʝ ʛ. ɼʟʝʨʞʠʥʩʢ, 

ʛ. ʅʦʚʦʤʦʩʢʦʚʩʢ, ʛ. ʏʘʧʘʝʚʩʢ, ʛ. ʉʝʨʧʫʭʦʚ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʇʍɹ 

ʦʙʥʘʨʫʞʠʚʘʶʪʩʷ ʢʘʢ ʥʘ ʪʝʨʨʠʪʦʨʠʷʭ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʧʨʠʤʝʥʝʥʠʷ, ʪʘʢ ʠ ʚ 

ʫʜʘʣʝʥʥʳʭ ʨʘʡʦʥʘʭ, ʚ ʪʦʤ ʯʠʩʣʝ ʚ ɸʥʪʘʨʢʪʠʢʝ, ɸʨʢʪʠʢʝ ʠ ʧʝʩʢʘʭ ʉʘʭʘʨʳ 

(ʊʨʝʛʝʨ, 2013; Zhang et al., 2014; Zhou et al., 2014, Zhu et al., 2020; Negret-

Bolagay et al., 2021). ʊʘʢʦʝ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʩʚʷʟʘʥʦ ʩ ʚʳʩʦʢʦʡ 

ʩʦʨʙʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʢʦʥʛʝʥʝʨʦʚ ʇʍɹ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʠʭ ʧʝʨʝʥʦʩʫ ʩ 

ʧʳʣʝʚʳʤʠ ʯʘʩʪʠʮʘʤʠ ʥʘ ʙʦʣʴʰʠʝ ʨʘʩʩʪʦʷʥʠʷ. ɹʣʘʛʦʜʘʨʷ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤ 

ʩʚʦʡʩʪʚʘʤ ʇʍɹ ʜʦʣʛʦ ʦʩʪʘʶʪʩʷ ʚ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ ʚ ʥʝʠʟʤʝʥʸʥʥʦʤ ʚʠʜʝ. 

ʇʨʦʠʟʚʦʜʩʪʚʦ ʇʍɹ ʙʳʣʦ ʧʨʝʢʨʘʱʝʥʦ ʚ ʢʦʥʮʝ 20-ʛʦ ʚʝʢʘ (ɻʦʨʙʫʥʦʚʘ ʠ ʜʨ., 

2018). 

ɹʠʦʣʦʛʠʯʝʩʢʘʷ ʦʧʘʩʥʦʩʪ ɹ

ʇʝʨʚʳʝ ʩʦʦʙʱʝʥʠʷ ʦ ʥʝʛʘʪʠʚʥʦʤ ʚʣʠʷʥʠʠ ʇʍɹ ʥʘ ʟʜʦʨʦʚʴʝ ʯʝʣʦʚʝʢʘ 

ʧʦʷʚʠʣʠʩʴ ʚ 80-ʭ ʛʦʜʘʭ 20 ʚʝʢʘ. ʄʘʩʩʦʚʳʝ ʦʪʨʘʚʣʝʥʠʷ ʇʍɹ ʚʳʨʘʞʘʣʠʩʴ ʚ 

ʧʦʷʚʣʝʥʠʠ ʫʛʨʝʧʦʜʦʙʥʦʡ ʩʳʧʠ ʥʘ ʢʦʞʝ ʣʶʜʝʡ, ʟʘʥʷʪʳʭ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝ 

ʜʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. ɿʘʙʦʣʝʚʘʥʠʝ ʧʦʣʫʯʠʣʦ ʥʘʟʚʘʥʠʝ ʭʣʦʨʘʢʥʝ. ʇʦʷʚʠʣʠʩʴ 

ʩʚʝʜʝʥʠʷ ʠ ʦʙ ʦʪʨʘʚʣʝʥʠʠ ʣʶʜʝʡ, ʥʝ ʩʚʷʟʘʥʥʳʭ ʩ ʧʨʦʠʟʚʦʜʩʪʚʦʤ, ʥʦ 
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ʫʧʦʪʨʝʙʣʷʚʰʠʤʠ ʚ ʧʠʱʫ ʧʨʦʜʫʢʪʳ, ʩʦʜʝʨʞʘʱʠʝ ʇʍɹ. ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʇʍɹ ʚʳʟʳʚʘʶʪ ʥʝ ʪʦʣʴʢʦ ʢʦʞʥʳʝ ʧʦʨʘʞʝʥʠʷ, ʥʦ ʠ ʥʘʨʫʰʝʥʠʷ ʚ ʜʝʷʪʝʣʴʥʦʩʪʠ 

ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʳ (ʥʝʚʨʘʣʛʠʠ, ʜʝʧʨʝʩʩʠʠ, ʥʘʨʫʰʝʥʠʝ ʠʥʥʝʨʚʘʮʠʠ ʚʥʫʪʨʝʥʥʠʭ 

ʦʨʛʘʥʦʚ), ʩʝʨʜʝʯʥʦ-ʩʦʩʫʜʠʩʪʦʡ ʩʠʩʪʝʤʳ, ʠʤʤʫʥʥʦʡ ʩʠʩʪʝʤʳ, ʣʠʧʠʜʥʦʛʦ 

ʦʙʤʝʥʘ, ʵʥʜʦʢʨʠʥʥʦʡ ʩʠʩʪʝʤʳ. ʇʍɹ ʦʢʘʟʳʚʘʶʪ ʢʘʥʮʝʨʦʛʝʥʥʳʡ ʠ 

ʪʝʨʘʪʦʛʝʥʥʳʡ ʵʬʬʝʢʪ (Nam et al., 2014; Serdar et al., 2014; Hu et al., 2015, 

Shuai et al., 2016; Murugan et al., 2018; Devi, 2020). ʇʨʠ ʵʪʦʤ ʜʦʟʳ, 

ʚʳʟʳʚʘʶʱʠʝ ʥʝʛʘʪʠʚʥʳʝ ʧʦʩʣʝʜʩʪʚʠʷ, ʢʨʘʡʥʝ ʥʠʟʢʠʝ ʠ ʩʦʧʦʩʪʘʚʠʤʳ ʩ 

ʪʘʢʦʚʳʤʠ ʧʦʣʠʭʣʦʨʠʨʦʚʘʥʥʳʭ ʜʠʙʝʥʟʦʜʠʦʢʩʠʥʦʚ ʠ ʜʠʙʝʥʟʦʬʫʨʘʥʦʚ. ɹʳʣʠ 

ʨʘʟʨʘʙʦʪʘʥʳ ʤʝʞʜʫʥʘʨʦʜʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʪʦʢʩʠʯʥʦʩʪʠ ʢʦʥʛʝʥʝʨʦʚ ʇʍɹ, 

ʢʦʪʦʨʳʝ ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ 2,3,7,8-ʪʝʪʨʘʭʣʦʨʜʠʙʝʥʟʦ-1,4-

ʜʠʦʢʩʠʥʘ. ɿʥʘʯʝʥʠʷ ʜʘʥʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʚʘʨʴʠʨʫʶʪ ʚ ʜʠʘʧʘʟʦʥʝ 0.1ï

0.00001 (ɿʘʥʘʚʝʩʢʠʥ, ɸʚʝʨʴʷʥʦʚ, 1998).  

ʂ ʧʨʦʥʠʢʥʦʚʝʥʠʶ ʇʍɹ ʚ ʦʨʛʘʥʠʟʤ ʧʨʠʚʦʜʠʪ ʠʭ ʩʧʦʩʦʙʥʦʩʪʴ 

ʨʘʩʪʚʦʨʷʪʴʩʷ ʚ ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ, ʯʪʦ ʚʝʜʝʪ ʢ ʠʭ ʥʘʢʦʧʣʝʥʠʶ ʚ 

ʞʠʨʘʭ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʧʨʦʜʚʠʞʝʥʠʶ ʧʦ ʧʠʱʝʚʳʤ ʮʝʧʷʤ ʩ 

ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʝʤ ʚ ʚʝʨʭʥʠʭ ʩʝʛʤʝʥʪʘʭ (Adams et al., 2016; M¿ller et al., 

2017; Warenik-Bany et al., 2019). ɺ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʇʍɹ ʧʦʩʪʫʧʘʣʠ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʘʚʘʨʠʡʥʳʭ ʚʳʙʨʦʩʦʚ ʥʘ ʧʨʝʜʧʨʠʷʪʠʷʭ, ʥʝʧʨʘʚʠʣʴʥʦʡ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʇʍɹ-ʩʦʜʝʨʞʘʱʝʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ (Negret-Bolagay et al., 2021). 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ, ʥʝʩʤʦʪʨʷ ʥʘ ʧʨʝʢʨʘʱʝʥʠʝ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʇʍɹ 

ʧʨʦʜʦʣʞʘʶʪ ʧʨʦʥʠʢʘʪʴ ʚ ʧʨʠʨʦʜʥʳʝ ʦʙʲʝʢʪʳ ʠʟ ʤʝʩʪ ʩʢʣʘʜʠʨʦʚʘʥʠʷ, ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʥʘʨʫʰʝʥʠʡ ʪʝʭʥʦʣʦʛʠʡ ʫʪʠʣʠʟʘʮʠʠ, ʚʦʟʛʦʨʘʥʠ ̫ʧʨʦʤʳʰʣʝʥʥʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ. ɻʝʦʛʨʘʬʠʷ ʟʘʛʨʷʟʥʝʥʥʳʭ ʪʝʨʨʠʪʦʨʠʡ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʟʘ ʩʯʝʪ 

ʪʨʘʥʩʛʨʘʥʠʯʥʦʛʦ ʧʝʨʝʥʦʩʘ ʩ ʧʳʣʝʚʳʤʠ ʯʘʩʪʠʮʘʤʠ ʠ ʧʝʨʝʤʝʱʝʥʠʷ ʞʠʚʳʭ 

ʦʙʲʝʢʪʦʚ (ɼʝʤʠʥ, 2013; Zhang et al., 2014; Zhou et al., 2014). 

ɺ ʨʷʜʝ ʩʪʨʘʥ, ʚ ʪʦʤ ʯʠʩʣʝ ʚ ʈʌ, ʨʘʟʨʘʙʦʪʘʥʳ ʥʦʨʤʘʪʠʚʳ, 

ʨʝʛʣʘʤʝʥʪʠʨʫʶʱʠʝ ʙʝʟʦʧʘʩʥʳʡ ʫʨʦʚʝʥʴ ʇʍɹ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʲʝʢʪʘʭ. 

ʉʦʛʣʘʩʥʦ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʦʧʘʩʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʇʍɹ ʦʪʥʝʩʝʥʳ ʢʦ II  ʢʣʘʩʩʫ 

(ʚʳʩʦʢʦ ʦʧʘʩʥʳʝ ʚʝʱʝʩʪʚʘ). ɺ ʈʦʩʩʠʠ ʇɼʂ ʜʣʷ ʚʦʟʜʫʭʘ ʨʘʙʦʯʝʡ ʟʦʥʳ 



26 
 

ʩʦʩʪʘʚʣʷʝʪ 1 ʤʛ ʇʍɹ/ʤ3, ʚ ʚʦʜʝ ï 1 ʤʢʛ/ʣ, ʚ ʧʦʯʚʝ ï 0.1 ʤʛ/ʢʛ. ʆɼʂ ʜʣʷ 

ʦʪʜʝʣʴʥʳʭ ʛʨʫʧʧ ʢʦʥʛʝʥʝʨʦʚ ʚ ʧʦʯʚʝ ʩʦʩʪʘʚʣʷʶʪ: ʪʨʠʍɹ ï 0.03 ʤʛ/ʢʛ, 

ʪʝʪʨʘʍɹ ï 0.06 ʤʛ/ʢʛ, ʧʝʥʪʘʍɹ ï 0.1 ʤʛ/ʢʛ; ʜʣʷ ʧʠʱʝʚʳʭ ʧʨʦʜʫʢʪʦʚ: ʚ ʨʳʙʝ ï 

2.0 ʤʛ/ʢʛ, ʚ ʧʝʯʝʥʠ ʨʳʙʳ ï 5.0 ʤʛ/ʢʛ, ʚ ʨʳʙʴʝʤ ʞʠʨʝ ï 3.0 ʤʛ/ʢʛ, ʚ ʤʦʣʦʢʝ ï 

1.5 ʤʛ/ʢʛ (ɻʆʉʊ 12.1.005-88, ʉʘʥʇʠʅ 4630-88). ʋʩʪʘʥʦʚʣʝʥʥʳʝ ʥʦʨʤʘʪʠʚʳ 

ʇʍɹ ʜʣʷ ʧʦʯʚ ʞʠʣʳʭ ʟʦʥ ʚ ɻʝʨʤʘʥʠʠ ʩʦʩʪʘʚʣʷʶʪ 0.8ï1.0 ʤʛ/ʢʛ, ʚ ʂʠʪʘʝ ï 

2 ʤʛ/ʢʛ, ʚ ʅʠʜʝʨʣʘʥʜʘʭ ï 0.02 ʤʛ/ʢʛ, ʚʦ ʌʨʘʥʮʠʠ ï 0.024 ʤʛ/ʢʛ, ʚ ɹʝʣʦʨʫʩʩʠʠ ï 

0.02 ʤʛ/ʢʛ, ʜʣʷ ʧʠʪʴʝʚʦʡ ʚʦʜʳ ʚ ʉʐɸ ɸʛʝʥʪʩʪʚʦʤ ʧʦ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ 

ʫʩʪʘʥʦʚʣʝʥʘ ʇɼʂ 0.5 ʤʢʛ ʇʍɹ/ʣ ʚʦʜʳ, ʧʦ ʥʦʨʤʘʪʠʚʘʤ ɸʚʩʪʨʘʣʠʠ 

ʧʨʠʩʫʪʩʪʚʠʝ ʇʍɹ ʚ ʧʠʪʴʝʚʦʡ ʚʦʜʝ ʥʝʜʦʧʫʩʪʠʤʦ ʚ ʣʶʙʳʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ 

(ʂʨʷʪʦʚ ʠ ʜʨ., 2013, Negret-Bolagay et al., 2021).  

ʇʨʦʙʣʝʤʳ ʫʥʠʯʪʦʞʝʥʠʷ ʇʍɹ 

ʈʝʘʣʠʟʘʮʠʷ ʉʪʦʢʛʦʣʴʤʩʢʦʡ ʢʦʥʚʝʥʮʠʠ ʚ ʦʪʥʦʰʝʥʠʠ ʇʍɹ ʪʨʝʙʫʝʪ 

ʨʘʟʨʘʙʦʪʢʠ ʤʝʪʦʜʦʚ ʧʦ ʫʥʠʯʪʦʞʝʥʠʶ ʇʍɹ ʢʘʢ ʚ ʤʝʩʪʘʭ ʩʢʣʘʜʠʨʦʚʘʥʠʷ, ʪʘʢ ʠ 

ʚ ʦʙʲʝʢʪʘʭ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ʂʘʢ ʙʳʣʦ ʩʢʘʟʘʥʦ ʚʳʰʝ, ʇʍɹ ʦʙʣʘʜʘʶʪ 

ʫʥʠʢʘʣʴʥʳʤʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ 

ʟʘʪʨʫʜʥʷʝʪ ʠʭ ʫʥʠʯʪʦʞʝʥʠʝ. ʈʘʟʨʘʙʦʪʢʠ ʚʝʜʫʪʩʷ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʬʠʟʠʯʝʩʢʠʭ, 

ʭʠʤʠʯʝʩʢʠʭ ʠ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ.  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤʠ ʷʚʣʷʶʪʩʷ 

ʪʝʨʤʠʯʝʩʢʠʝ ʤʝʪʦʜʳ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʩʞʠʛʘʥʠʠ ʇʍɹ ʧʨʠ ʚʳʩʦʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ (t = 2000Üʉ, 4ï6 ʪ ʆ2/1 ʪ ʇʍɹ). ɼʘʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʧʦʟʚʦʣʷʝʪ 

ʫʥʠʯʪʦʞʘʪʴ ʇʍɹ ʩ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ 99.99% ʧʨʠ ʩʢʦʨʦʩʪʠ 1 ʪ/ʯ. ʉʪʦʠʤʦʩʪʴ 

ʟʘʚʠʩʠʪ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʇʍɹ ʚ ʩʞʠʛʘʝʤʦʡ ʩʤʝʩʠ ʠ ʥʘʯʠʥʘʝʪʩʷ ʦʪ 1500 

ʜʦʣʣʘʨʦʚ ʉʐɸ. ʇʨʠ ʵʪʦʤ ʜʘʞʝ ʥʝʟʥʘʯʠʪʝʣʴʥʳʝ ʥʘʨʫʰʝʥʠʷ ʚ ʪʝʭʥʦʣʦʛʠʠ 

ʧʨʠʚʦʜʷʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʠʟ ʇʍɹ ʝʱʝ ʙʦʣʝʝ ʪʦʢʩʠʯʥʳʭ ʧʨʦʜʫʢʪʦʚ ï ʇʍɼʌ ʠ 

ʇʍɼɼ (ɻʦʨʙʫʥʦʚʘ ʠ ʜʨ., 2011). ʇʠʨʦʪʝʭʥʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʦʩʥʦʚʘʥʳ ʥʘ 

ʩʞʠʛʘʥʠʠ ʇʍɹ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʠʨʦʪʝʭʥʠʯʝʩʢʠʭ ʩʤʝʩʝʡ. ʆʜʥʘʢʦ ʜʘʥʥʳʝ 

ʤʝʪʦʜʳ ʧʨʠʚʦʜʷʪ ʢ ʥʝʢʦʥʪʨʦʣʠʨʫʝʤʦʤʫ ʦʙʨʘʟʦʚʘʥʠʶ ʇʍɼʌ ʠ ʇʍɼɼ 

(ɻʦʨʙʫʥʦʚʘ ʠ ʜʨ., 2011). ʕʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʦʛʨʘʥʠʯʝʥʳ ʧʦʠʩʢʦʤ 



27 
 

ʵʬʬʝʢʪʠʚʥʳʭ ʠ ʫʩʪʦʡʯʠʚʳʭ ʵʣʝʢʪʨʦʜʦʚ, ʢʦʪʦʨʳʝ ʥʝ ʙʫʜʫʪ ʧʦʜʚʝʨʛʘʪʩɹʷ 

ʢʦʨʨʦʟʠʠ ʚ ʧʨʦʮʝʩʩʝ ʨʝʘʢʮʠʠ. ʍʠʤʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʘʢʪʠʚʥʦ ʨʘʟʚʠʚʘʶʪʩʷ ʠ 

ʷʚʣʷʶʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʧʨʝʜʧʦʜʛʦʪʦʚʢʠ ʇʍɹ ʜʣʷ 

ʧʦʩʣʝʜʫʶʱʝʛʦ ʫʥʠʯʪʦʞʝʥʠʷ. ʆʮʝʥʢʘ ʚʩʝʭ ʠʤʝʶʱʠʭʩʷ ʪʝʭʥʦʣʦʛʠʡ ʧʦʟʚʦʣʷʝʪ 

ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʫʥʠʯʪʦʞʝʥʠʝ ʇʍɹ ʷʚʣʷʝʪʩʷ ʩ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʧʦʟʠʮʠʡ 

ʚʳʩʦʢʦʟʘʪʨʘʪʥʳʤ, ʘ ʩ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ï ʦʧʘʩʥʳʤ ʜʣʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ 

(ɻʦʨʙʫʥʦʚʘ ʠ ʜʨ., 2010, 2018; ɿʘʥʘʚʝʩʢʠʥ, ɸʚʝʨʴʷʥʦʚ, 1998). 

ʅʘʠʙʦʣʝʝ çʜʨʫʞʝʩʪʚʝʥʥʳʤʠè ʜʣʷ ʧʨʠʨʦʜʳ ʠ ʝʜʠʥʩʪʚʝʥʥʳʤʠ, 

ʧʦʟʚʦʣʷʶʱʠʤʠ ʫʜʘʣʠʪʴ ʇʍɹ ʠʟ ʧʨʠʨʦʜʥʳʭ ʦʙʲʝʢʪʦʚ ʙʝʟ ʨʘʟʨʫʰʝʥʠʷ ʩʘʤʠʭ 

ʦʙʲʝʢʪʦʚ, ʷʚʣʷʶʪʩʷ ʤʝʪʦʜʳ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʙʠʦʨʝʤʝʜʠʘʮʠʦʥʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʙʘʢʪʝʨʠʘʣʴʥʳʭ ʰʪʘʤʤʦʚ.  

ʇʨʦʠʟʚʦʜʥʳʝ ʇʍɹ ʢʘʢ ʥʦʚʘʷ ʫʛʨʦʟʘ ʵʢʦʣʦʛʠʯʝʩʢʦʤʫ ʙʣʘʛʦʧʦʣʫʯʠʶ 

ʅʝʩʤʦʪʨʷ ʥʘ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ ʠ ʪʦʢʩʠʯʥʦʩʪʴ ʜʣʷ 

ʞʠʚʳʭ ʦʨʛʘʥʠʟʤʦʚ, ʇʍɹ ʤʦʛʫʪ ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʪʴʩʷ ʚ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ ʜʦ 

ʛʠʜʨʦʢʩʠ-ʧʨʦʠʟʚʦʜʥʳʭ (ʅʆ-ʇʍɹ). ʀʟʚʝʩʪʥʦ, ʯʪʦ ʛʠʜʨʦʢʩʠʣʠʨʦʚʘʥʠʝ ʤʦʞʝʪ 

ʧʨʦʠʩʭʦʜʠʪʴ ʢʘʢ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʘʙʠʦʪʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ, ʪʘʢ ʠ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʬʝʨʤʝʥʪʘʪʠʚʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʞʠʚʳʭ ʦʨʛʘʥʠʟʤʘʭ (Camara et al., 2004; 

Passatore et al., 2014; Tehrani, Van Aken, 2014; Sun et al., 2018; Li et al., 2019). 

ʅʆ-ʇʍɹ ʤʦʛʫʪ ʦʙʨʘʟʦʚʳʚʘʪʴʩʷ ʚ ʧʨʠʨʦʜʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʬʦʪʦʭʠʤʠʯʝʩʢʠʭ 

ʨʝʘʢʮʠʡ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʢʠʩʣʝʥʠʷ ʚ ʘʪʤʦʩʬʝʨʝ, ʚʦʜʝ ʠ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʷʭ 

(Tehrani, Van Aken, 2014; Li et al., 2019). ʊʨʘʥʩʬʦʨʤʘʮʠʷ ʇʍɹ ʚ ʞʠʚʳʭ 

ʦʨʛʘʥʠʟʤʘʭ (ʞʠʚʦʪʥʳʝ, ʨʘʩʪʝʥʠʷ, ʙʘʢʪʝʨʠʠ, ʛʨʠʙʳ) ʧʨʦʠʩʭʦʜʠʪ ʧʦʜ 

ʜʝʡʩʪʚʠʝʤ ʬʝʨʤʝʥʪʦʚ ʢʣʘʩʩʘ ʤʦʥʦ/ʜʠʦʢʩʠʛʝʥʘʟ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʦʙʨʘʟʫʶʪʩʷ 

ʛʠʜʨʦʢʩʠ-ʧʨʦʠʟʚʦʜʥʳʝ (Mackova et al., 2007; Yoo et al., 2011; Passatore et al., 

2014; Sun et al., 2018). ɹʦʣʴʰʠʥʩʪʚʦ ʠʟ ʥʠʭ ʪʨʘʥʩʬʦʨʤʠʨʫʶʪʩʷ ʜʘʣʝʝ ʧʦʜ 

ʜʝʡʩʪʚʠʝʤ ʜʨʫʛʠʭ ʬʝʨʤʝʥʪʦʚ, ʦʜʥʘʢʦ ʯʘʩʪʴ ʧʦʧʘʜʘʝʪ ʚ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ.  

ɸʥʘʣʠʟ ʚʦʟʜʝʡʩʪʚʠʷ ʅʆ-ʇʍɹ ʥʘ ʞʠʚʳʝ ʦʨʛʘʥʠʟʤʳ ʧʦʢʘʟʘʣ, ʯʪʦ ʦʥʠ 

ʦʧʘʩʥʳ ʢʘʢ ʜʣʷ ʚʳʩʰʠʭ ʦʨʛʘʥʠʟʤʦʚ, ʪʘʢ ʠ ʜʣʷ ʙʘʢʪʝʨʠʡ. ʅʆ-ʇʍɹ 

ʠʥʛʠʙʠʨʫʶʪ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʫʶ ʠ ɸʊʌ-ʘʟʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʚ ʢʣʝʪʢʘʭ ʤʳʰʝʡ, 
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ʨʘʟʨʫʰʘʶʪ ʵʥʜʦʢʨʠʥʥʫʶ ʩʠʩʪʝʤʫ, ʩʥʠʞʘʶʪ ʞʠʟʥʝʩʧʦʩʦʙʥʦʩʪʴ 

ʙʘʢʪʝʨʠʘʣʴʥʳʭ ʢʣʝʪʦʢ, ʦʢʘʟʳʚʘʶʪ ʪʦʢʩʠʯʝʩʢʦʝ ʜʝʡʩʪʚʠʝ ʥʘ ʤʝʪʘʙʦʣʠʯʝʩʢʠʝ 

ʧʨʦʮʝʩʩʳ, ʧʨʦʪʝʢʘʶʱʠʝ ʚ ʧʨʦʢʘʨʠʦʪʠʯʝʩʢʠʭ ʢʣʝʪʢʘʭ (Sandossi et al., 1991; 

Camara et al., 2004; Yamada et al., 2006; Tehrani, Van Aken, 2014; Passatore et 

al., 2014; Bhalla et al., 2016). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʅʆ-ʇʍɹ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʷʚʣʷʶʪʩʷ ʦʧʘʩʥʳʤʠ ʚʪʦʨʠʯʥʳʤʠ ʧʦʣʣʶʪʘʥʪʘʤʠ. 

ʅʝʜʘʚʥʦ ʚ ʩʪʦʯʥʳʭ ʚʦʜʘʭ ʚ ʨʝʟʫʣʴʪʘʪʝ ʠʭ ʘʥʘʣʠʟʘ, ʥʘʨʷʜʫ ʩ ʅʆ-ʇʍɹ, 

ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʤʝʪʦʢʩʠ-ʧʨʦʠʟʚʦʜʥʳʝ ʇʍɹ (ʄʝ-ʇʍɹ) (Sun et al., 2016, 

2018). ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʤʝʪʦʢʩʠ-ʧʨʦʠʟʚʦʜʥʳʝ ʇʍɹ ʦʙʨʘʟʫʶʪʩʷ ʠʟ ʇʍɹ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʙʠʦʪʨʘʥʩʬʦʨʤʘʮʠʠ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʙʘʢʪʝʨʠʘʣʴʥʳʭ ʰʪʘʤʤʦʚ, ʠ ʟʘ 

ʚʨʝʤʷ ʦʙʨʘʱʝʥʠʷ ʚ ʧʨʠʨʦʜʝ ʅʆ-ʇʍɹ ʠ ʄʝ-ʇʍɹ ʤʦʛʫʪ ʚʟʘʠʤʥʦ ʧʨʝʚʨʘʱʘʪʴʩʷ 

ʜʨʫʛ ʚ ʜʨʫʛʘ, ʯʪʦ ʦʪʤʝʯʘʝʪʩʷ ʧʦʩʪʦʷʥʥʳʤ ʠʟʤʝʥʝʥʠʝʤ ʠʭ ʫʨʦʚʥʝʡ 

ʥʘʭʦʞʜʝʥʠʷ ʚ ʦʙʲʝʢʪʘʭ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ʇʨʝʜʧʦʣʦʞʠʪʝʣʴʥʳʡ ʤʝʭʘʥʠʟʤ 

ʚʟʘʠʤʦʧʨʝʚʨʘʱʝʥʠʡ ʅʆ-ʇʍɹ ʠ ʄʝ-ʇʍɹ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʰʪʘʤʤʘ Bacillus 

subtilis ʧʦʜʨʦʙʥʦ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʩʪʘʪʴʝ (Sun et al., 2018). ɺ ʦʪʣʠʯʠʝ ʦʪ ʇʍɹ 

ʧʨʦʠʟʚʦʜʥʳʝ ʅʆ-ʇʍɹ ʠ ʄʝ-ʇʍɹ ʦʙʣʘʜʘʶʪ ʥʠʟʢʦʡ ʣʝʪʫʯʝʩʪʴʶ, ʯʪʦ 

ʧʦʪʝʥʮʠʘʣʴʥʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʠʭ ʙʦʣʝʝ ʜʣʠʪʝʣʴʥʦʤʫ ʧʝʨʠʦʜʫ ʥʘʭʦʞʜʝʥʠʷ ʚ 

ʧʦʯʚʝ, ʚʦʜʝ ʠ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʷʭ (Sun et al., 2016). ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʅʆ-ʇʍɹ ʠ 

ʄʝ-ʇʍɹ, ʦʙʣʘʜʘʷ ʣʫʯʰʠʤʠ ʛʠʜʨʦʬʠʣʴʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʇʍɹ, ʚʝʨʦʷʪʥʦ, ʙʦʣʝʝ ʜʦʩʪʫʧʥʳ ʜʣʷ ʤʠʢʨʦʙʥʦʡ ʜʝʛʨʘʜʘʮʠʠ. 

ʉʚʝʜʝʥʠʡ ʦʙ ʦʩʦʙʝʥʥʦʩʪʷʭ ʨʘʟʣʦʞʝʥʠʷ ʅʆ-ʇʍɹ ʢʘʢ ʧʝʨʚʦʥʘʯʘʣʴʥʦʤ 

ʩʫʙʩʪʨʘʪʝ ʫ ʙʘʢʪʝʨʠʡ ʥʝ ʤʥʦʛʦ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʰʪʘʤʤʳ-ʜʝʩʪʨʫʢʪʦʨʳ ʇʍɹ 

Burkholderia xenovorans LB400, Comamonas testosterone B-356 ʠ 

Sphingomonas sp. N-9 ʦʩʫʱʝʩʪʚʣʷʶʪ ʨʘʟʣʦʞʝʥʠʝ ʤʦʥʦʛʠʜʨʦʢʩʠʣʠʨʦʚʘʥʥʳʭ 

ʧʦʣʠʭʣʦʨʙʠʬʝʥʠʣʦʚ (ʤʦʥʦʅʆ-ʇʍɹ) (Francova et al., 2004; Tehrani et al., 2012; 

Tehrani et al., 2014; Mizukami-Murata et al., 2016). ɺ ʦʢʠʩʣʝʥʠʠ ʤʦʥʦʅʆ-ʇʍɹ 

ʫ ʜʘʥʥʳʭ ʰʪʘʤʤʦʚ ʧʨʠʥʠʤʘʶʪ ʫʯʘʩʪʠʝ ʬʝʨʤʝʥʪʳ ʢʣʘʩʩʘ ʜʠʦʢʩʠʛʝʥʘʟ. ɼʣʷ 

ʰʪʘʤʤʘ Pseudomonas azelaica HBP1 ʦʧʠʩʘʥʘ ʩʧʦʩʦʙʥʦʩʪʴ ʦʢʠʩʣʷʪʴ ʦʨʪʦ-

ʛʠʜʨʦʢʩʠʙʠʬʝʥʠʣ ʜʦ 2,3-ʜʠʛʠʜʨʦʢʩʠʙʠʬʝʥʠʣʘ ʧʨʠ ʫʯʘʩʪʠʠ ʬʝʨʤʝʥʪʘ ʢʣʘʩʩʘ 

ʤʦʥʦʦʢʩʠʛʝʥʘʟ (Kanteev et al., 2015). ɹʘʢʪʝʨʠʘʣʴʥʦʝ ʨʘʟʣʦʞʝʥʠʝ ʅʆ-ʇʍɹ 
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ʧʨʦʠʩʭʦʜʠʪ ʜʦ ʩʪʘʜʠʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʭʣʦʨ- ʠ ʛʠʜʨʦʢʩʠ-ʙʝʥʟʦʡʥʳʭ ʢʠʩʣʦʪ 

(Francova et al., 2004; Tehrani et al., 2012, 2014; Mizukami-Murata et al., 2016). 

ʉʚʝʜʝʥʠʡ ʦ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʩʤʝʩʝʡ ʅʆ-ʇʍɹ ʘʵʨʦʙʥʳʤʠ ʙʘʢʪʝʨʠʷʤʠ 

ʚ ʣʠʪʝʨʘʪʫʨʝ ʥʝ ʦʙʥʘʨʫʞʝʥʦ, ʭʦʪʷ ʚ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ ʧʨʠʩʫʪʩʪʚʫʶʪ ʢʘʢ ʨʘʟ 

ʥʝ ʝʜʠʥʠʯʥʳʝ ʢʦʥʛʝʥʝʨʳ, ʘ ʩʤʝʩʠ. 

 

1.2. ɹʘʢʪʝʨʠʠ ï ʦʩʥʦʚʥʦʡ ʘʛʝʥʪ ʵʢʦʣʦʛʠʯʝʩʢʠ ʙʝʟʦʧʘʩʥʦʡ ʜʝʩʪʨʫʢʮʠʠ 

ʧʦʣʠʭʣʦʨʠʨʦʚʘʥʥʳʭ ʙʠʬʝʥʠʣʦʚ 

ʆʩʥʦʚʥʘʷ ʨʦʣʴ ʚ ʨʘʟʣʦʞʝʥʠʠ ʇʍɹ ʚ ʧʨʠʨʦʜʥʳʭ ʫʩʣʦʚʠʷʭ ʧʨʠʥʘʜʣʝʞʠʪ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʘʤ, ʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʙʘʢʪʝʨʠʷʤ (Negreet-Bolagay et al., 2021). 

ɺ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʇʍɹ ʧʨʠʥʠʤʘʶʪ ʫʯʘʩʪʠʝ ʢʘʢ ʘʥʘʵʨʦʙʥʳʝ, ʪʘʢ ʠ ʘʵʨʦʙʥʳʝ 

ʙʘʢʪʝʨʠʠ. ɺ ʘʥʘʵʨʦʙʥʳʭ ʫʩʣʦʚʠʷʭ (ʜʦʥʥʳʝ ʦʪʣʦʞʝʥʠʷ ʤʦʨʝʡ, ʦʟʝʨ, ʨʝʢ, 

ʛʨʫʥʪʦʚʳʝ ʚʦʜʳ) ʰʪʘʤʤʳ ʦʩʫʱʝʩʪʚʣʷʶʪ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʝ 

ʜʝʛʘʣʦʛʝʥʠʨʦʚʘʥʠʝ ʚʳʩʦʢʦʭʣʦʨʠʨʦʚʘʥʥʳʭ ʙʠʬʝʥʠʣʦʚ, ʯʪʦ ʥʝ ʧʦʟʚʦʣʷʝʪ 

ʫʥʠʯʪʦʞʠʪʴ ʇʍɹ, ʥʦ ʩʥʠʞʘʝʪ ʠʭ ʦʧʘʩʥʦʩʪʴ ʠ ʧʦʚʳʰʘʝʪ ʙʠʦʜʦʩʪʫʧʥʦʩʪʴ 

ʚʩʣʝʜʩʪʚʠʝ ʩʥʠʞʝʥʠʷ ʩʪʝʧʝʥʠ ʭʣʦʨʠʨʦʚʘʥʠʷ ʤʦʣʝʢʫʣʳ (Abramowicz, 1995; 

Elangovan et al., 2019). ɼʝʛʘʣʦʛʝʥʠʨʦʚʘʥʠʝ ʦʙʫʩʣʦʚʣʝʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʇʍɹ 

ʚ ʢʘʯʝʩʪʚʝ ʘʢʮʝʧʪʦʨʘ ʵʣʝʢʪʨʦʥʦʚ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʧʨʦʠʩʭʦʜʠʪ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʤʦʣʝʢʫʣʳ ʇʍɹ ʜʦ ʥʝʟʘʤʝʱʝʥʥʦʛʦ ʙʠʬʝʥʠʣʘ, ʠʣʠ 

ʜʦ ʭʣʦʨʙʠʬʝʥʠʣʦʚ, ʩʦʜʝʨʞʘʱʠʭ 2-4 ʘʪʦʤʦʚ ʭʣʦʨʘ ʚ ʤʦʣʝʢʫʣʝ (Mohn, Tiedje, 

1992; Sowers, May, 2013; Liang et al., 2014; Elangovan et al., 2019). 

ʆʙʥʘʨʫʞʝʥʳ ʥʘʠʙʦʣʝʝ ʘʢʪʠʚʥʳʝ ʘʥʘʵʨʦʙʥʳʝ ʰʪʘʤʤʳ-ʜʝʩʪʨʫʢʪʦʨʳ ʇʍɹ, 

ʧʨʠʥʘʜʣʝʞʘʱʠʝ ʨʦʜʘʤ Acidovorax, Achromobacter, Anaeromyxobacter, 

Clostridium, Dehalobacter, Dehalococcoides, Desulfitobacterium, Desulfomonile, 

Desulfuromonas, Geobacter, Sedimentibacter ʠ Sulfuricurvum (Kranzioch et al., 

2013; Matturro et al., 2016; Yu et al., 2017). ɸʥʘʵʨʦʙʥʦʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ 

ʢʦʤʤʝʨʯʝʩʢʠʭ ʩʤʝʩʝʡ ʇʍɹ ʚ ʧʨʠʨʦʜʥʳʭ ʫʩʣʦʚʠʷʭ ʧʨʠʚʦʜʠʪ ʢ ʩʫʱʝʩʪʚʝʥʥʦʤʫ 

ʠʟʤʝʥʝʥʠʶ ʚ ʩʦʦʪʥʦʰʝʥʠʷʭ ʢʦʥʛʝʥʝʨʥʳʭ ʛʨʫʧʧ (ʜʦʣʷ ʥʠʟʢʦʭʣʦʨʠʨʦʚʘʥʥʳʭ 

ʙʠʬʝʥʠʣʦʚ ʧʦʚʳʰʘʝʪʩʷ ʚ ʥʝʩʢʦʣʴʢʦ ʨʘʟ), ʘ ʪʘʢʞʝ ʚʝʜʝʪ ʢ ʧʨʝʦʙʣʘʜʘʥʠʶ 
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ʦʨʪʦ-ʟʘʤʝʱʝʥʥʳʭ ʭʣʦʨʙʠʬʝʥʠʣʦʚ (Brown et al., 1984; Wiegel, Wu, 2000; 

Field, Sierra-Alvarez, 2008). 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʜʝʷʪʝʣʴʥʦʩʪʠ ʘʵʨʦʙʥʳʭ ʙʘʢʪʝʨʠʡ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ 

ʧʨʦʠʩʭʦʜʠʪ ʦʢʠʩʣʝʥʠʝ ʤʦʣʝʢʫʣʳ ʇʍɹ ʜʦ ʦʙʨʘʟʦʚʘʥʠʷ ʭʣʦʨʙʝʥʟʦʡʥʦʡ 

ʢʠʩʣʦʪʳ (ʍɹʂ) ʠ (ʭʣʦʨ)ʧʝʥʪʘʜʠʝʥʦʚʦʡ ʢʠʩʣʦʪʳ (Pieper, 2005; Sharma et al., 

2017). ʆʜʥʘʢʦ ʠʟʚʝʩʪʥʳ ʰʪʘʤʤʳ, ʦʩʫʱʝʩʪʚʣʷʶʱʠʝ ʤʠʥʝʨʘʣʠʟʘʮʠʶ ʇʍɹ 

(Arensdorf, Focht, 1995; Kim, Picardal, 2000; Park et al., 2001; Hatamian-Zarmi 

et al., 2009). ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʧʨʦʠʩʭʦʜʠʪ ʜʝʩʪʨʫʢʮʠʷ ʤʦʣʝʢʫʣʳ 

ʧʦʣʠʭʣʦʨʙʠʬʝʥʠʣʘ ʜʦ ʩʦʝʜʠʥʝʥʠʡ ʦʩʥʦʚʥʦʛʦ ʦʙʤʝʥʘ ʢʣʝʪʢʠ. ʆʩʥʦʚʥʳʤʠ 

ʦʛʨʘʥʠʯʝʥʠʷʤʠ ʜʦʩʪʫʧʥʦʩʪʠ ʇʍɹ ʜʣʷ ʘʵʨʦʙʥʳʭ ʙʘʢʪʝʨʠʡ ʷʚʣʷʝʪʩʷ ʩʪʝʧʝʥʴ 

ʭʣʦʨʠʨʦʚʘʥʠʷ ʠ ʨʘʩʧʦʣʦʞʝʥʠʝ ʟʘʤʝʩʪʠʪʝʣʝʡ ʚ ʤʦʣʝʢʫʣʝ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ 

ʘʵʨʦʙʥʳʭ ʰʪʘʤʤʦʚ-ʜʝʩʪʨʫʢʪʦʨʦʚ ʣʠʙʦ ʠʭ ʢʦʤʙʠʥʘʮʠʷ ʩ ʘʥʘʵʨʦʙʥʳʤʠ 

ʰʪʘʤʤʘʤʠ ʧʦʟʚʦʣʷʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʞʘʪʴ ʫʨʦʚʝʥʴ ʟʘʛʨʷʟʥʝʥʠʷ ʧʨʠʨʦʜʥʳʭ 

ʦʙʲʝʢʪʦʚ ʩʤʝʩʷʤʠ ʧʦʣʠʭʣʦʨʙʠʬʝʥʠʣʦʚ.  

 

1.2.1. ɻʝʦʛʨʘʬʠʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʘʵʨʦʙʥʳʭ ʰʪʘʤʤʦʚ-ʜʝʩʪʨʫʢʪʦʨʦʚ 

ʧʦʣʠʭʣʦʨʠʨʦʚʘʥʥʳʭ ʙʠʬʝʥʠʣʦʚ 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʥʝʩʢʦʣʴʢʠʭ ʜʝʩʷʪʠʣʝʪʠʡ ʚʳʷʚʠʣʠ ʰʠʨʦʢʫʶ 

ʛʝʦʛʨʘʬʠʯʝʩʢʫʶ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʩʪʴ ʘʵʨʦʙʥʳʭ ʙʘʢʪʝʨʠʘʣʴʥʳʭ ʰʪʘʤʤʦʚ, 

ʦʩʫʱʝʩʪʚʣʷʶʱʠʭ ʨʘʟʣʦʞʝʥʠʝ ʭʣʦʨʠʨʦʚʘʥʥʳʭ ʙʠʬʝʥʠʣʦʚ (ʨʠʩʫʥʦʢ 2). 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʰʪʘʤʤʳ, ʩʧʦʩʦʙʥʳʝ ʦʢʠʩʣʷʪʴ (ʤʦʥʦ-ʛʝʢʩʘ)-

ʭʣʦʨʠʨʦʚʘʥʥʳʝ ʙʠʬʝʥʠʣ,r ʚʳʜʝʣʷʶʪʩʷ ʠʟ ʵʢʦʥʠʰ ʨʘʟʣʠʯʥʳʭ ʢʦʥʪʠʥʝʥʪʦʚ, 

ʠ ʧʨʠʫʨʦʯʝʥʳ ʢ ʤʝʩʪʘʤ ʟʘʛʨʷʟʥʝʥʠʷ ʩʦʝʜʠʥʝʥʠʷʤʠ ʛʨʫʧʧʳ ʉʆɿ. ʆʧʠʩʘʥʥʳʝ 

ʰʪʘʤʤʳ-ʜʝʩʪʨʫʢʪʦʨʳ ʇʍɹ ʧʨʠʥʘʜʣʝʞʘʪ ʨʦʜʘʤ Achromobacter, Agromyces, 

Alcaligenes, Aquamicrobium, Arthrobacter, Aspergillus, Bacillus, Brevibacillus, 

Brevibacterium, Castellaniella, Ceriporia, Chitinophaga, Comamonas, 

Cupriavidus, Enterobacter, Hydrogenophaga, Janibacter, Janthinobacterium, 

Luteibacter, Mesorhizobium, Ochrobactrum, Paenibacillus, Pandoraea, 

Phanerochaete,   Phoma,   Pleurotus,    Pseudomonas,    Rhodococcus,    Shigella,  
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ʈʠʩʫʥʦʢ 2 ï ʂʘʨʪʘ-ʩʭʝʤʘ ʤʝʩʪ ʚʳʜʝʣʝʥʠʷ ʥʘʠʙʦʣʝʝ ʘʢʪʠʚʥʳʭ ʘʵʨʦʙʥʳʭ ʰʪʘʤʤʦʚ-ʜʝʩʪʨʫʢʪʦʨʦʚ ʙʠʬʝʥʠʣʘ/ʇʍɹ (ɽʛʦʨʦʚʘ ʠ ʜʨ., 

2010; ʇʣʦʪʥʠʢʦʚʘ ʠ ʜʨ., 2012; ʐʫʤʢʦʚʘ ʠ ʜʨ., 2015; Bedard et al., 1987; Mondello, 1989; Bedard, Haberl, 1990; Asturias, Timmis, 1993; Erickson, 

Mondello, 1993; Arensdorf, Foht, 1994; Chung et al., 1994; Masai et al., 1995; Seto et al., 1995; Maltseva et al., 1999; Sierra et al., 2003; Yang et al., 

2004; Sondossi et al., 2004; Sakai et al., 2005; Lambo, Patel, 2006; Adebusoye et al., 2008; Field, Sierra-Alvarez, 2008; Jia et al., 2008; Ang et al., 

2009; Hong et al., 2009; Shintani et al., 2014; Fukuda et al., 2014; Gioia et al., 2014; Vilo  et al., 2014; Chang et al., 2015; Suenaga et al., 2015; 

Watanabe et al., 2015ʘ, 2015ʙ; Chakraborty, Das, 2016; Xu et al., 2016; Suenaga et al., 2017; Ridl et al., 2018) 
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Sphingobium, Sphingomonas, Stenotrophomonas, Subtercola, Talaromyces, 

Thermoascus, Trametes ʠ Williamsia (Hou, Dutta, 2000; Pieper, Seeger, 2008; Cao 

et al., 2011; Ponce et al., 2011; Colbert et al., 2013; Somaraja et al., 2013; Liang et 

al., 2014; Nam et al., 2014; Ilori  et al., 2015; Hu et al., 2015; Atago et al., 2016; 

Shuai et al., 2016; Kour et al., 2019). 

ʅʘʠʙʦʣʝʝ ʨʘʥʥʠʝ ʨʘʙʦʪʳ ʧʦ ʚʳʜʝʣʝʥʠʶ ʠ ʦʧʠʩʘʥʠʶ ʰʪʘʤʤʦʚ-

ʜʝʩʪʨʫʢʪʦʨʦʚ ʙʠʬʝʥʠʣʘ/ʇʍɹ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʪʝʨʨʠʪʦʨʠʷʭ ʉʐɸ ʠ ʗʧʦʥʠʠ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠʟ ʇʍɹ-ʟʘʛʨʷʟʥʝʥʥʳʭ ʨʘʡʦʥʦʚ 

ʜʘʥʥʳʭ ʩʪʨʘʥ ʚʳʜʝʣʝʥʦ ʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʰʪʘʤʤʦʚ, ʦʙʣʘʜʘʶʱʠʭ 

ʨʘʟʣʠʯʥʳʤ ʜʝʩʪʨʫʢʪʠʚʥʳʤ ʧʦʪʝʥʮʠʘʣʦʤ. ʅʘʠʙʦʣʝʝ ʠʟʫʯʝʥʥʳʤʠ ʷʚʣʷʶʪʩʷ 

ʰʪʘʤʤʳ Alcaligenes eutrophus H850, Burkholderia xenovorans LB400, 

Pseudomonas pseudoalcaligenes KF707, Rhodococcus jostii RHA1 (Yates, 

Mondello, 1989; G·mez-Gil et al., 2007; Kumar et al., 2011; Atago et al., 2016).  

ʐʪʘʤʤ Alcaligenes eutrophus H850 ʠʩʧʦʣʴʟʦʚʘʣ ʚ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ 

ʫʛʣʝʨʦʜʘ ʥʝ ʪʦʣʴʢʦ ʥʝʟʘʤʝʱʝʥʥʳʡ ʙʠʬʝʥʠʣ, ʥʦ ʠ 2-ʭʣʦʨʙʠʬʝʥʠʣ, ʘ ʪʘʢʞʝ 

ʦʩʫʱʝʩʪʚʣʷʣ ʨʘʟʣʦʞʝʥʠʝ ʜʦ ʭʣʦʨʙʝʥʟʦʡʥʳʭ ʢʠʩʣʦʪ ʪʝʪʨʘ-, ʧʝʥʪʘ- ʠ ʛʝʢʩʘ-

ʭʣʦʨʠʨʦʚʘʥʥʳʭ ʢʦʥʛʝʥʝʨʦʚ. Bedard ʩ ʩʦʘʚʪʦʨʘʤʠ ʧʦʢʘʟʘʣ, ʯʪʦ A. eutrophus 

H850 ʦʩʫʱʝʩʪʚʣʷʝʪ ʜʝʩʪʨʫʢʮʠʶ ʢʦʤʤʝʨʯʝʩʢʠʭ ʩʤʝʩʝʡ ʇʍɹ ʪʦʨʛʦʚʳʭ ʤʘʨʦʢ 

Aroclor 1242 ʠ 1254 (Bedard et al.,1987).  

ʐʪʘʤʤ Burkholderia xenovorans LB400 ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʙʳʣ 

ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥ ʢʘʢ ʧʨʝʜʩʪʘʚʠʪʝʣʴ ʨʦʜʘ Pseudomonas, ʜʘʣʝʝ 

ʨʝʢʣʘʩʩʠʬʠʮʠʨʦʚʘʥ ʚ ʨʦʜ Burkholderia, ʘ ʥʘ ʦʩʥʦʚʘʥʠʠ ʘʥʘʣʠʟʘ 

ʧʦʣʥʦʛʝʥʦʤʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʙʳʣ ʦʪʥʝʩʝʥ ʢ ʨʦʜʫ Paraburkholderia 

(Chain et al., 2006). ʇʦʢʘʟʘʥʦ, ʯʪʦ LB400 ʦʩʫʱʝʩʪʚʣʷʝʪ ʪʨʘʥʩʬʦʨʤʘʮʠʶ ʢʘʢ 

ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʢʦʥʛʝʥʝʨʦʚ ʇʍɹ ʩ ʨʘʟʣʠʯʥʦʡ ʩʪʝʧʝʥʴʶ ʭʣʦʨʠʨʦʚʘʥʠʷ, ʪʘʢ ʠ 

ʢʦʤʤʝʨʯʝʩʢʠʭ ʩʤʝʩʝʡ. ʇʫʪʠ ʜʝʩʪʨʫʢʮʠʠ ʙʠʬʝʥʠʣʘ/ʇʍɹ ʧʦʜʨʦʙʥʦ ʠʟʫʯʝʥʳ 

ʥʘ ʛʝʥʝʪʠʯʝʩʢʦʤ ʠ ʤʦʣʝʢʫʣʷʨʥʦʤ ʫʨʦʚʥʷʭ ʠ ʷʚʣʷʶʪʩʷ ʤʦʜʝʣʴʥʳʤʠ 

ʩʠʩʪʝʤʘʤʠ ʧʨʠ ʘʥʘʣʦʛʠʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʜʨʫʛʠʭ ʰʪʘʤʤʦʚ (Goris et al., 

2004; Bako et al., 2021). 
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ʐʪʘʤʤ Pseudomonas pseudoalcaligenes KF707 ʙʳʣ ʚʳʜʝʣʝʥ ʚ ʗʧʦʥʠʠ ʠ 

ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥ ʢʘʢ Pseudomonas furukawaii (Furukawa, 

Miyazaki, 1986). ʆʪʣʠʯʠʪʝʣʴʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʰʪʘʤʤʘ ʷʚʣʷʝʪʩʷ ʝʛʦ 

ʩʧʦʩʦʙʥʦʩʪʴ ʵʬʬʝʢʪʠʚʥʦ ʨʘʟʣʘʛʘʪʴ 4,4ô-ʜʠʭʣʦʨʙʠʬʝʥʠʣ, ʩʣʘʙʦ ʧʦʜʚʝʨʞʝʥʥʳʡ 

ʨʘʟʣʦʞʝʥʠʶ ʜʨʫʛʠʤʠ ʠʟʚʝʩʪʥʳʤʠ ʰʪʘʤʤʘʤʠ-ʜʝʩʪʨʫʢʪʦʨʘʤʠ. ʆʜʥʘʢʦ ʰʪʘʤʤ 

KF707 ʨʘʟʣʘʛʘʣ ʜʦʩʪʘʪʦʯʥʦ ʫʟʢʠʡ ʜʠʘʧʘʟʦʥ ʠʟʦʤʝʨʦʚ ʇʍɹ, ʯʪʦ ʦʛʨʘʥʠʯʠʚʘʣʦ 

ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʝʛʦ ʧʨʠʤʝʥʝʥʠʷ ʜʣʷ ʙʠʦʨʝʤʝʜʠʘʮʠʠ (Furukawa, 2000). 

ʐʪʘʤʤ R. jostii RHA1 ʙʳʣ ʠʟʦʣʠʨʦʚʘʥ ʠʟ ʧʦʯʚʳ, ʟʘʛʨʷʟʥʝʥʥʦʡ 

ɔ-ʛʝʢʩʘʭʣʦʨʮʠʢʣʦʛʝʢʩʘʥʦʤ, ʦʪʦʙʨʘʥʥʦʡ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʗʧʦʥʠʠ, ʠ 

ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʩʷ ʚʳʩʦʢʦʡ ʜʝʩʪʨʫʢʪʠʚʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʧʦ ʦʪʥʦʰʝʥʠʶ 

ʢ ʤʦʥʦ-, ʜʠ-, ʪʨʠ-, ʪʝʪʨʘ-, ʛʝʢʩʘ- ʛʝʧʪʘʍɹ, ʢʘʢ ʦʨʪʦ-, ʪʘʢ ʠ ʧʘʨʘ-ʟʘʤʝʱʝʥʥʳʤ 

ʠʟʦʤʝʨʘʤ ʇʍɹ (Masai et al., 1995; Seto et al., 1995; Warren et al., 2004). 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʰʪʘʤʤ R. jostii RHA1 ʦʩʫʱʝʩʪʚʣʷʣ ʨʘʟʣʦʞʝʥʠʝ ʪʝʭʥʠʯʝʩʢʠʭ 

ʩʤʝʩʝʡ Kaneclor 200, 300, 400 (ʚʢʣʶʯʘʶʱʠʭ ʪʨʠ-, ʪʝʪʨʘ- ʠ 

ʧʝʥʪʘʭʣʦʨʙʠʬʝʥʠʣʳ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ) ʚ ʪʝʯʝʥʠʝ ʪʨʝʭ ʩʫʪʦʢ (Furukawa, 2000). 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʰʪʘʤʤ R. jostii RHA1 ʧʨʦʷʚʣʷʣ ʘʢʪʠʚʥʦʩʪʴ ʠ 

ʚ ʦʪʥʦʰʝʥʠʠ ʜʠ- ʠ ʪʨʠʭʣʦʨʙʝʥʟʦʡʥʳʭ ʢʠʩʣʦʪ, ʦʩʥʦʚʥʳʭ ʤʝʪʘʙʦʣʠʪʦʚ ʇʍɹ, 

ʦ ʯʝʤ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʣʦ ʩʥʠʞʝʥʠʝ ʜʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʧʨʦʮʝʩʩʝ 

ʜʝʩʪʨʫʢʮʠʠ ʭʣʦʨʙʠʬʝʥʠʣʦʚ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʛʝʥʦʤʘ ʰʪʘʤʤʘ ʧʦʢʘʟʘʣʠ, ʯʪʦ 

ʚ ʥʝʤ ʩʦʜʝʨʞʠʪʩʷ ʜʚʘ ʥʘʙʦʨʘ ʛʝʥʦʚ, ʢʦʜʠʨʫʶʱʠʭ ʬʝʨʤʝʥʪʳ ʜʝʩʪʨʫʢʮʠʠ ʇʍɹ 

(Furukawa, 2000). 

ʇʦʤʠʤʦ ʜʘʥʥʳʭ ʰʪʘʤʤʦʚ ʩ ʪʝʨʨʠʪʦʨʠʡ ʉʐɸ ʠ ʗʧʦʥʠʠ ʙʳʣʠ 

ʚʳʜʝʣʝʥʳ ʠ ʜʨʫʛʠʝ ʘʢʪʠʚʥʳʝ ʜʝʩʪʨʫʢʪʦʨʳ ʇʍɹ. ʊʘʢ, ʰʪʘʤʤ Paenibacillus sp. 

KBC101 ʘʢʪʠʚʥʦ ʫʪʠʣʠʟʠʨʦʚʘʣ (ʪʨʠ-ʛʝʢʩʘ)-ʭʣʦʨʠʨʦʚʘʥʥʳʝ ʙʠʬʝʥʠʣʳ: 100 % 

ï 2,5,2'-ʍɹ, 72 % ï 2,5,2',5'-ʍɹ, 58 % ï 2,4,5,2',5'-ʍɹ, ʪʘʢ ʠ ʧʘʨʘ-ʍɹ: 58 % ï 

2,4,3',4'-ʍɹ, 33 % ï 2,4,2',4'-ʍɹ, 11 % ï 2,4,5,2',4',5'-ʍɹ, ʚ ʢʦʥʮʝʥʪʨʘʮʠʠ 

10 ʤʛ/ʣ (Sakai et al., 2005). ʐʪʘʤʤʳ Burkholderia sp. SK-3 ʠ Cupriavidus sp. 

SK-4, ʠʩʧʦʣʴʟʦʚʘʣʠ ʤʦʥʦʭʣʦʨʙʠʬʝʥʠʣʳ (2-ʍɹ, 3-ʍɹ, 4-ʍɹ), ʘ ʪʘʢʞʝ 

ʜʠʭʣʦʨʙʠʬʝʥʠʣʳ  2,2'-ʜʠʍɹ ʠ 2,4'-ʜʠʍɹ (ʠʤʝʶʱʠʝ ʘʪʦʤʳ ʭʣʦʨʘ ʚ ʦʨʪʦ-



34 
 

ʧʦʣʦʞʝʥʠʠ), ʚ ʢʘʯʝʩʪʚʝ ʝʜʠʥʩʪʚʝʥʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʫʛʣʝʨʦʜʘ ʠ ʵʥʝʨʛʠʠ (Kim, 

Picardal, 2000; Kim, Picardal, 2001; Vilo et al., 2014).  

ʉ ʪʝʨʨʠʪʦʨʠʠ ʂʠʪʘʷ ʚʳʜʝʣʝʥʳ ʰʪʘʤʤʳ, ʧʨʦʷʚʣʷʶʱʠʝ ʘʢʪʠʚʥʦʩʪʴ ʢʘʢ 

ʢ ʥʝʟʘʤʝʱʝʥʥʦʤʫ ʙʠʬʝʥʠʣʫ, ʪʘʢ ʠ ʢ ʝʛʦ ʭʣʦʨʧʨʦʠʟʚʦʜʥʳʤ. ʐʪʘʤʤ Dyella 

ginsengisoli LA-4 ʫʪʠʣʠʟʠʨʦʚʘʣ ʦʢʦʣʦ 95% ʙʠʬʝʥʠʣʘ (100 ʤʛ/ʣ) ʚ ʪʝʯʝʥʠʝ 

72 ʯʘʩʦʚ (Ang et al., 2009), ʰʪʘʤʤ Rhodococcus sp. WB1 ʧʨʦʷʚʣʷʣ ʘʢʪʠʚʥʦʩʪʴ 

ʢ (ʤʦʥʦ-ʪʝʪʨʘ)-ʭʣʦʨʠʨʦʚʘʥʥʳʤ ʙʠʬʝʥʠʣʘʤ, ʚ ʪʦʤ ʯʠʩʣʝ ʢ 4,4ô-ʜʠʍɹ (Xu et al., 

2016), ʰʪʘʤʤ Enterobacter sp. LY402 ʦʙʣʘʜʘʣ ʩʧʦʩʦʙʥʦʩʪʴʶ 

ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʪʴ 92% ï ʧʝʥʪʘʍɹ, 76% ï ʛʝʢʩʘʍɹ ʠ 37% ï ʛʝʧʪʘʍɹ, 

ʩʦʜʝʨʞʘʱʠʭʩʷ ʚ ʢʦʤʤʝʨʯʝʩʢʠʭ ʩʤʝʩʷʭ ʇʍɹ, ʘ ʪʘʢʞʝ ʦʙʣʘʜʘʣ ʘʢʪʠʚʥʦʩʪʴʶ 

ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʥʝʢʦʪʦʨʳʤ ʦʢʪʘʍɹ (Jia et al., 2008; Xu et al., 2011). 

ʆʩʦʙʳʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʶʪ ʰʪʘʤʤʳ, ʠʟʦʣʠʨʦʚʘʥʥʳʝ ʩ ʪʝʨʨʠʪʦʨʠʠ 

ʅʠʛʝʨʠʠ. ʐʪʘʤʤʳ Ralstonia sp. SA-3, Ralstonia sp. SA-4, Ralstonia sp. SA-5, 

Pseudomonas sp. SA-6 ʠ Enterobacter sp. SA-2 ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʠʩʴ 

ʩʧʦʩʦʙʥʦʩʪʴʶ ʢ ʜʝʩʪʨʫʢʮʠʠ ʤʝʪʘ- ʠ ʦʨʪʦ- ʜʠʭʣʦʨʠʨʦʚʘʥʥʳʭ ʙʠʬʝʥʠʣʦʚ, 

ʘ ʪʘʢʞʝ ʦʨʪʦ-ʪʨʠʍɹ, ʩʦʜʝʨʞʘʱʠʭ ʟʘʤʝʩʪʠʪʝʣʠ ʚ ʦʙʦʠʭ ʢʦʣʴʮʘʭ ʤʦʣʝʢʫʣʳ 

(Adebusoye et al., 2008, Gioia et al., 2014). ɺ ʨʘʙʦʪʝ (Ilori et al., 2008) ʦʧʠʩʘʥ 

ʰʪʘʤʤ Achromobacter xylosoxidans IR08, ʢʦʪʦʨʳʡ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʨʘʥʝʝ 

ʚʳʜʝʣʝʥʥʳʭ Ralstonia sp. SA-4, Ralstonia sp. SA-5, Pseudomonas sp. SA-6, ʙʳʣ 

ʩʧʦʩʦʙʝʥ ʫʪʠʣʠʟʠʨʦʚʘʪʴ 4,4ô-ʜʠʍɹ ʙʝʟ ʥʘʢʦʧʣʝʥʠʷ ʪʦʢʩʠʯʥʳʭ 

ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʧʨʦʜʫʢʪʦʚ. ʀʥʪʝʨʝʩʥʳʤ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʠ ʪʦʪ ʬʘʢʪ, ʯʪʦ 

ʰʪʘʤʤ A. xylosoxidans IR08 ʵʬʬʝʢʪʠʚʥʝʝ ʨʦʩ ʥʘ ʭʣʦʨʠʨʦʚʘʥʥʳʭ ʙʠʬʝʥʠʣʘʭ, 

ʯʝʤ ʥʘ ʙʠʬʝʥʠʣʝ ʠ ʙʝʥʟʦʘʪʝ. ɺʝʨʦʷʪʥʦ, ʧʨʠʩʫʪʩʪʚʠʝ ʟʘʤʝʩʪʠʪʝʣʝʡ 

ʥʝ ʦʢʘʟʳʚʘʣʦ ʠʥʛʠʙʠʨʫʶʱʝʛʦ ʜʝʡʩʪʚʠʷ ʥʘ ʬʝʨʤʝʥʪʳ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʵʪʦʛʦ 

ʘʚʪʦʨʳ ʩʜʝʣʘʣʠ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦʙ ʫʥʠʢʘʣʴʥʦʩʪʠ ʬʝʨʤʝʥʪʥʳʭ ʩʠʩʪʝʤ 

ʜʝʩʪʨʫʢʮʠʠ ʇʍɹ ʰʪʘʤʤʘ IR08 (Ilori et al., 2008). 

ʆʜʥʠʤ ʠʟ ʧʝʨʚʳʭ ʦʧʠʩʘʥʥʳʭ ʰʪʘʤʤʦʚ, ʦʩʫʱʝʩʪʚʣʷʶʱʠʭ ʨʘʟʣʦʞʝʥʠʝ 

ʇʍɹ, ʷʚʣʷʝʪʩʷ ʰʪʘʤʤ Burkholderia cepacia P166, ʚʳʜʝʣʝʥʥʳʡ ʠʟ 

ʟʘʛʨʷʟʥʝʥʥʳʭ ʧʦʯʚ ʇʘʥʘʤʳ, ʠ ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʥʳʡ ʢʘʢ 

Pseudomonas cepacia (Arensdorf, Foht, 1994). ʐʪʘʤʤ ʈ166 ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʩʷ 
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ʩʧʦʩʦʙʥʦʩʪʴʶ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ʫʛʣʝʨʦʜʘ ʚʩʝ ʤʦʥʦ-

ʭʣʦʨʠʨʦʚʘʥʥʳʝ ʙʠʬʝʥʠʣʳ. ʆʜʥʘʢʦ ʘʢʪʠʚʥʳʡ ʨʦʩʪ ʙʳʣ ʦʪʤʝʯʝʥ ʪʦʣʴʢʦ 

ʥʘ 4-ʭʣʦʨʙʠʬʝʥʠʣʝ, ʪʘʢ ʢʘʢ ʰʪʘʤʤ ʈ166 ʦʙʣʘʜʘʣ ʩʠʩʪʝʤʘʤʠ ʫʪʠʣʠʟʘʮʠʠ ʠ 

4-ʭʣʦʨʙʝʥʟʦʡʥʦʡ ʢʠʩʣʦʪʳ, ʦʩʥʦʚʥʦʛʦ ʤʝʪʘʙʦʣʠʪʘ 4-ʍɹ. ʈʦʩʪ ʥʘ 3-ʍɹ ʠ 2-ʍɹ 

ʩʦʧʨʦʚʦʞʜʘʣʩʷ ʥʘʢʦʧʣʝʥʠʝʤ ʪʦʢʩʠʯʥʳʭ ʧʨʦʜʫʢʪʦʚ. ʊʘʢʞʝ ʢʘʢ ʠ 

ʫ ʚʳʰʝʦʧʠʩʘʥʥʦʛʦ ʰʪʘʤʤʘ A. xylosoxidans IR08, ʩʢʦʨʦʩʪʴ ʨʦʩʪʘ ʰʪʘʤʤʘ 

B. cepacia P166 ʥʘ 4-ʍɹ ʧʨʝʚʳʰʘʣʘ ʨʦʩʪ ʥʘ ʙʠʬʝʥʠʣʝ (Field, Sierra-Alvarez, 

2008). 

ʉʧʦʩʦʙʥʦʩʪʴʶ ʢ ʜʝʩʪʨʫʢʮʠʠ ʙʠʬʝʥʠʣʘ/ʇʍɹ ʦʙʣʘʜʘʝʪ ʰʪʘʤʤ 

Aquamicrobium sp. SK-2, ʚʳʜʝʣʝʥʥʳʡ ʠʟ ʘʢʪʠʚʥʦʛʦ ʠʣʘ ʩʪʦʯʥʳʭ ʚʦʜ (ʛ. ʉʝʫʣ, 

ʖʞʥʘʷ ʂʦʨʝʷ). ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʰʪʘʤʤ SK-2 ʘʢʪʠʚʥʦ ʨʦʩ ʥʘ ʙʠʬʝʥʠʣʝ 

ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʢʦʥʮʝʥʪʨʘʮʠʡ (ʦʪ 0.65 ʜʦ 9.75 ʤʄ), ʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʜʝʩʪʨʫʢʮʠʠ ʧʨʠ ʵʪʦʤ ʩʦʩʪʘʚʣʷʣʘ ʦʪ 46.7% ʜʦ 100%, ʠ ʥʘʭʦʜʠʣʘʩʴ ʚ ʦʙʨʘʪʥʦʡ 

ʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʫʙʩʪʨʘʪʘ (Chang et al., 2013). 

ʐʪʘʤʤ Pseudomonas aeruginosa JP-11, ʚʳʜʝʣʝʥʥʳʡ ʠʟ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ 

ɹʝʥʛʘʣʴʩʢʦʛʦ ʟʘʣʠʚʘ (ʀʥʜʠʡʩʢʠʡ ʦʢʝʘʥ), ʦʩʫʱʝʩʪʚʣʷʣ ʨʘʟʣʦʞʝʥʠʝ 200 ʤʛ/ʣ 

ʙʠʬʝʥʠʣʘ ʟʘ 72 ʯʘʩʘ ʥʘ 98.85% (Chakraborty, Das, 2016) 

ʐʪʘʤʤʳ, ʚʳʜʝʣʝʥʥʳʝ ʠʟ ʘʢʪʠʚʥʦʛʦ ʠʣʘ ʠ ʇʍɹ-ʟʘʛʨʷʟʥʝʥʥʳʭ ʧʦʯʚ 

ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʂʘʥʘʜʳ, ʦʩʫʱʝʩʪʚʣʷʣʠ ʨʘʟʣʦʞʝʥʠʝ (ʤʦʥʦ-ʪʨʠ)-ʭʣʦʨʠʨʦʚʘʥʥʳʭ 

ʙʠʬʝʥʠʣʦʚ, ʘ ʪʘʢʞʝ ʢʦʤʤʝʨʯʝʩʢʦʡ ʩʤʝʩʠ ʇʍɹ ʤʘʨʢʠ Aroclor 1242 (Sondossi et 

al., 2004; Lamdo, Patel, 2006). ɼʣʷ ʰʪʘʤʤʘ Comamonas testosteroni B-356 

ʦʪʤʝʯʝʥʦ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʦʝ ʦʢʠʩʣʝʥʠʝ ʢʦʥʛʝʥʝʨʦʚ ʇʍɹ, ʩʦʜʝʨʞʘʱʠʭ 

ʟʘʤʝʩʪʠʪʝʣʠ ʚ ʤʝʪʘ-ʧʦʣʦʞʝʥʠʠ (Sondossi et al., 2004). ɺʳʩʦʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ 

ʚ ʦʪʥʦʰʝʥʠʠ ʩʤʝʩʠ ʇʍɹ Aroclor 1242 ʦʙʣʘʜʘʣ ʰʪʘʤʤ Janibacter sp. MS3-02, 

ʚʳʜʝʣʝʥʥʳʡ ʠʟ ʧʦʯʚʳ, ʟʘʛʨʷʟʥʝʥʥʦʡ ʚʳʙʨʦʩʘʤʠ ʤʫʩʦʨʦʩʞʠʛʘʪʝʣʴʥʦʛʦ ʟʘʚʦʜʘ 

ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʀʩʧʘʥʠʠ (Sierra et al., 2003). ʐʪʘʤʤ Pseudomonas aeruginosa 

TMU56, ʚʳʜʝʣʝʥʥʳʡ ʠʟ ʧʦʯʚ, ʟʘʛʨʷʟʥʝʥʥʳʭ ʦʪʭʦʜʘʤʠ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ (ʀʨʘʥ), ʵʬʬʝʢʪʠʚʥʦ ʨʘʟʣʘʛʘʣ ʩʤʝʩʠ Aroclor 1242 ʠ 1260. 

ʇʦʤʠʤʦ ʢʦʤʤʝʨʯʝʩʢʠʭ ʩʤʝʩʝʡ, ʜʘʥʥʳʡ ʰʪʘʤʤ ʦʩʫʱʝʩʪʚʣʷʣ ʜʝʩʪʨʫʢʮʠʶ 

ʚʳʩʦʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʪʘʢʠʭ ʢʦʥʛʝʥʝʨʦʚ ʇʍɹ, ʢʘʢ ʤʦʥʦʍɹ (2-ʍɹ, 4-ʍɹ), 
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ʜʠʍɹ (2,4-, 2,5-, 2,2'-, 4,4'-ʍɹ), ʪʨʠʍɹ (2,4,4'-ʍɹ), ʪʝʪʨʘʍɹ (2,2',5,5'-ʍɹ), 

ʛʝʢʩʘʍɹ (2,2',4,4',5,5'-ʍɹ) (Hatamian-Zarmi et al., 2009). 

ʐʪʘʤʤʳ-ʜʝʩʪʨʫʢʪʦʨʳ ʇʍɹ, ʠʟʦʣʠʨʦʚʘʥʥʳʝ ʠʟ ʧʦʯʚ ʪʝʨʨʠʪʦʨʠʠ 

ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ, ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʥʘʩʪʦʷʱʝʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʠ ʙʫʜʫʪ 

ʦʧʠʩʘʥʳ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʯʘʩʪʠ ʨʘʙʦʪʳ. 

ɹʦʣʴʰʠʥʩʪʚʦ ʦʧʠʩʘʥʥʳʭ ʰʪʘʤʤʦʚ-ʜʝʩʪʨʫʢʪʦʨʦʚ ʇʍɹ ʷʚʣʷʶʪʩʷ 

ʤʝʟʦʬʠʣʴʥʳʤʠ ʦʨʛʘʥʠʟʤʘʤʠ. ʆʜʥʘʢʦ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʙʠʦʜʝʩʪʨʫʢʮʠʷ ʇʍɹ 

ʚʦʟʤʦʞʥʘ ʠ ʧʨʠ ʫʩʣʦʚʠʷʭ, ʦʪʢʣʦʥʷʶʱʠʭʩʷ ʦʪ ʩʨʝʜʥʠʭ ʧʦ ʨʷʜʫ ʬʘʢʪʦʨʦʚ, 

ʪʘʢʠʭ ʢʘʢ ʪʝʤʧʝʨʘʪʫʨʘ ʠʣʠ ʩʦʜʝʨʞʘʥʠʝ ʩʦʣʝʡ. ʉʧʦʩʦʙʥʦʩʪʴ ʨʘʟʣʘʛʘʪʴ ʇʍɹ 

ʧʨʠ ʫʩʣʦʚʠʷʭ ʧʦʚʳʰʝʥʥʦʛʦ ʟʘʩʦʣʝʥʠʷ ʦʧʠʩʘʥʘ ʜʣʷ ʦʛʨʘʥʠʯʝʥʥʦʛʦ ʯʠʩʣʘ 

ʙʘʢʪʝʨʠʡ (De et al., 2006; Chang et al., 2013). ɺ ʯʘʩʪʥʦʩʪʠ, ʰʪʘʤʤ 

Pseudomonas aeruginosa CH07, ʠʟʦʣʠʨʦʚʘʥʥʳʡ ʠʟ ʧʨʠʙʨʝʞʥʦʡ ʟʦʥʳ ʚ ʀʥʜʠʠ, 

ʦʩʫʱʝʩʪʚʣʷʣ ʜʝʩʪʨʫʢʮʠʶ ʪʘʢʠʭ ʢʦʥʛʝʥʝʨʦʚ ʇʍɹ ʢʘʢ 3,3',4,4',5-

ʧʝʥʪʘʭʣʦʨʙʠʬʝʥʠʣ ʠ 2,2',3,4,4',5,5'-ʛʝʧʪʘʭʣʦʨʙʠʬʝʥʠʣ (ʚ ʢʦʥʮʝʥʪʨʘʮʠʠ 

100 ʤʛ/ʣ), ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʠʠ NaCl ~ 3,4 % (De et al., 2006). ʀʟʚʝʩʪʥʦ 

ʥʝʩʢʦʣʴʢʦ ʧʩʠʭʨʦʪʦʣʝʨʘʥʪʥr ʭ ʰʪʘʤʤʦʚ (Arthrobacter sp. 74, 

Pseudoalteromonas sp. 19, Psychrobacter sp. 15, Hydrogenophaga faeniospiralis 

IA3-A), ʩʧʦʩʦʙʥʳʭ ʫʪʠʣʠʟʠʨʦʚʘʪʴ ʇʍɹ ʧʨʠ +4Üʉ ʠ +15Üʉ. ɼʘʥʥʳʝ ʰʪʘʤʤʳ 

ʚʳʜʝʣʝʥʳ ʠʟ ʧʦʯʚ ɸʥʪʘʨʢʪʠʜʳ ʠ ʂʘʥʘʜʳ (Lambo, Patel, 2006; Michaud et al., 

2007; Papale et al., 2017). ʉʨʝʜʠ ʪʝʨʤʦʬʠʣʴʥʳʭ ʙʘʢʪʝʨʠʡ ʦʧʠʩʘʥ ʪʦʣʴʢʦ ʦʜʠʥ 

ʰʪʘʤʤ Geobacillus sp. JF8 (ʗʧʦʥʠʷ), ʦʩʫʱʝʩʪʚʣʷʶʱʠʡ ʨʘʟʣʦʞʝʥʠʝ ʙʠʬʝʥʠʣʘ 

ʧʨʠ +60Üʉ (Shimura et al., 1999, Chakraborty et al., 2017).  

 

1.2.2. ɸʩʩʦʮʠʘʮʠʠ ʙʘʢʪʝʨʠʡ, ʦʩʫʱʝʩʪʚʣʷʶʱʠʝ ʨʘʟʣʦʞʝʥʠʝ ʇʍɹ 

ɺʘʞʥʫʶ ʨʦʣʴ ʚ ʨʘʟʣʦʞʝʥʠʠ ʇʍɹ ʠʛʨʘʶʪ ʙʘʢʪʝʨʠʘʣʴʥʳʝ ʩʦʦʙʱʝʩʪʚʘ. 

ʄʥʦʛʦʯʠʩʣʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʘʩʩʦʮʠʘʮʠʠ ʙʘʢʪʝʨʠʡ, 

ʦʩʫʱʝʩʪʚʣʷʶʱʠʝ ʨʘʟʣʦʞʝʥʠʝ ʇʍɹ, ʬʦʨʤʠʨʫʶʪʩʷ ʚ ʨʘʟʣʠʯʥʳʭ ʩʨʝʜʘʭ: 

ʚ ʧʦʯʚʝ, ʚ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʷʭ, ʘ ʪʘʢʞʝ ʚ ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʧʦ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʤ ʫʩʣʦʚʠʷʤ ʨʘʡʦʥʘʭ (Kolar et al., 2007; Petriĺ et al., 2011; Cervantes-

Gonz§lez et al., 2019). ɺʠʜʦʚʦʡ ʩʦʩʪʘʚ ʜʘʥʥʳʭ ʩʦʦʙʱʝʩʪʚ ʥʝ ʩʪʘʙʠʣʝʥ, ʟʘʚʠʩʠʪ 
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ʦʪ ʨʷʜʘ ʬʘʢʪʦʨʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʦʪ ʩʧʝʢʪʨʘ ʧʨʠʩʫʪʩʪʚʫʶʱʠʭ ʚ ʩʨʝʜʝ 

ʟʘʛʨʷʟʥʠʪʝʣʝʡ (Holoman et al., 1998; Thompson et al., 1999; Su et al., 2015). 

ʊʘʢ ʢʘʢ ʚ ʧʨʦʮʝʩʩʝ ʙʠʦʨʝʤʝʜʠʘʮʠʠ ʢʦʣʠʯʝʩʪʚʦ ʠ ʨʘʟʥʦʦʙʨʘʟʠʝ ʟʘʛʨʷʟʥʷʶʱʠʭ 

ʚʝʱʝʩʪʚ ʠʟʤʝʥʷʝʪʩʷ, ʪʦ ʚ ʙʘʢʪʝʨʠʘʣʴʥʳʭ ʩʦʦʙʱʝʩʪʚʘʭ ʦʪʤʝʯʘʝʪʩʷ ʷʚʣʝʥʠʝ 

ʩʫʢʮʝʩʩʠʠ (Shah et al., 2013; Song et al., 2018; Tu et al., 2017; Cervantes-

Gonz§lez et al.; 2019).  

ɹʘʢʪʝʨʠʘʣʴʥʦʝ ʩʦʦʙʱʝʩʪʚʦ, ʚʳʜʝʣʝʥʥʦʝ ʠʟ ʇʍɹ-ʟʘʛʨʷʟʥʝʥʥʳʭ ʧʦʯʚ, 

ʙʳʣʦ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʦʩʥʦʚʥʦʤ ʨʦʜʘʤʠ Burkholderia, Variovorax, Xylophilus, 

Nevskia ʠ Sphingomonas (Betaproteobacteria), ʦʩʥʦʚʥʳʤʠ ʜʝʩʪʨʫʢʪʦʨʘʤʠ 

ʚʳʩʪʫʧʘʣʠ ʰʪʘʤʤʳ ʨʦʜʘ Burkholderia. ʇʨʝʜʩʪʘʚʠʪʝʣʠ ʢʣʘʩʩʘ Actinobacteria 

ʟʘʥʠʤʘʣʠ ʤʠʥʦʨʥʦʝ ʧʦʣʦʞʝʥʠʝ (Nogales et al., 2001). ʆʜʥʘʢʦ ʚ ʨʷʜʝ ʨʘʙʦʪ 

ʦʧʠʩʘʥʦ ʠʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʢʣʘʩʩʦʚ Proteobacteria ʠ Actinobacteria ʚ ʇʍɹ-

ʨʘʟʣʘʛʘʶʱʠʭ ʙʘʢʪʝʨʠʘʣʴʥʳʭ ʩʦʦʙʱʝʩʪʚʘʭ. ʊʘʢ, ʚ ʨʘʙʦʪʝ Wagner-Dobler 

ʩ ʢʦʣʣʝʛʘʤʠ (1998) ʩʦʦʙʱʘʝʪʩʷ, ʯʪʦ ʚ ʙʘʢʪʝʨʠʘʣʴʥʳʭ ʩʦʦʙʱʝʩʪʚʘʭ, 

ʧʦʣʫʯʝʥʥʳʭ ʠʟ ʧʦʯʚ ʧʦʩʣʝ 6 ʤʝʩʷʮʝʚ ʠʥʢʫʙʘʮʠʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʙʠʬʝʥʠʣʘ, 

ʜʦʤʠʥʠʨʫʶʱʝʝ ʧʦʣʦʞʝʥʠʝ ʟʘʥʠʤʘʣʠ ʰʪʘʤʤʳ ʨʦʜʦʚ Rhodococcus, 

Nocardiopsis, Terrabacter (ʢʣʘʩʩ Actinobacteria), ʚ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʰʪʘʤʤʳ ʨʦʜʘ Alcaligenes, Yersinia (ʢʣʘʩʩ Proteobacteria) ʠ 

Bacillus (ʢʣʘʩʩ Firmicutes). ʆʩʥʦʚʥʳʤʠ ʘʛʝʥʪʘʤʠ ʜʝʩʪʨʫʢʮʠʠ ʷʚʣʷʣʠʩʴ 

ʰʪʘʤʤʳ ʨʦʜʘ Rhodococcus. ɺ ʙʘʢʪʝʨʠʘʣʴʥʳʭ ʘʩʩʦʮʠʘʮʠʷʭ RMC1, RMC2, 

ZMC56, ZMC57, DMC3, DMC14, ʚʳʜʝʣʝʥʥʳʭ ʠʟ ʧʦʯʚ ʍʦʨʚʘʪʠʠ, ʜʝʩʪʨʫʢʮʠʶ 

ʇʍɹ ʦʩʫʱʝʩʪʚʣʷʣʠ ʰʪʘʤʤʳ ʨʦʜʘ Rhodococcus (ʢʣʘʩʩ Actinobacteria) (Kolar et 

al., 2007). ʐʪʘʤʤ Rhodococcus sp. Z6 ʷʚʣʷʣʩʷ ʦʩʥʦʚʥʳʤ ʘʢʪʠʚʥʳʤ 

ʜʝʩʪʨʫʢʪʦʨʦʤ ʇʍɹ ʚ ʘʩʩʦʮʠʘʮʠʠ TSZ7 (Petriĺ et al., 2011). 

ɹʘʢʪʝʨʠʘʣʴʥʳʝ ʩʦʦʙʱʝʩʪʚʘ ʧʨʦʷʚʣʷʶʪ ʘʢʪʠʚʥʦʩʪʴ ʢʘʢ 

ʢ ʠʥʜʠʚʠʜʫʘʣʴʥʳʤ ʢʦʥʛʝʥʝʨʘʤ ʇʍɹ, ʪʘʢ ʠ ʢ ʢʦʤʤʝʨʯʝʩʢʠʤ ʩʤʝʩʷʤ. ʀʟ ʧʦʯʚ 

ʏʝʭʠʠ ʚʳʜʝʣʝʥʳ ʪʨʠ ʘʩʩʦʮʠʘʮʠʠ ʘʵʨʦʙʥʳʭ ʙʘʢʪʝʨʠʡ, ʧʨʦʷʚʣʷʶʱʠʭ 

ʘʢʪʠʚʥʦʩʪʴ ʢ ʢʦʤʤʝʨʯʝʩʢʦʡ ʩʤʝʩʠ ʇʍɹ ʤʘʨʢʠ Delor 103. ʇʦʢʘʟʘʥʦ, 

ʯʪʦ ʘʩʩʦʮʠʘʮʠʷ III  ʦʩʫʱʝʩʪʚʣʷʣʘ 50% ʨʘʟʣʦʞʝʥʠʝ Delor 103 ʠ ʷʚʣʷʣʘʩʴ ʙʦʣʝʝ 

ʧʝʨʩʧʝʢʪʠʚʥʦʡ, ʯʝʤ ʘʩʩʦʮʠʘʮʠʠ I ʠ II, ʦʩʫʱʝʩʪʚʣʷʶʱʠʝ ʨʘʟʣʦʞʝʥʠʝ ʥʠʟʢʦ 
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ʭʣʦʨʠʨʦʚʘʥʥʳʭ ʢʦʥʛʝʥʝʨʦʚ, ʚʭʦʜʷʱʠʭ ʚ ʩʦʩʪʘʚ ʩʤʝʩʠ Delor 103 (Bokvajov§ et 

al., 1994). 

ʉʫʱʝʩʪʚʝʥʥʫʶ ʨʦʣʴ ʚ ʨʘʟʣʦʞʝʥʠʠ ʇʍɹ ʠʛʨʘʶʪ ʘʥʘʵʨʦʙʥʳʝ 

ʙʘʢʪʝʨʠʘʣʴʥʳʝ ʩʦʦʙʱʝʩʪʚʘ. Wu ʩ ʢʦʣʣʝʛʘʤʠ (2000) ʚʳʜʝʣʠʣ ʠʟ ʜʦʥʥʳʭ 

ʦʪʣʦʞʝʥʠʡ ʘʩʩʦʮʠʘʮʠʶ ʘʥʘʵʨʦʙʥʳʭ ʙʘʢʪʝʨʠʡ, ʦʩʫʱʝʩʪʚʣʷʶʱʫʶ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ (ʪʨʠ-ʧʝʥʪʘ)-ʭʣʦʨʙʠʬʝʥʠʣʦʚ ʚ ʧʘʨʘ-ʧʦʣʦʞʝʥʠʠ. ʅʘʧʨʦʪʠʚ, 

ʘʩʩʦʮʠʘʮʠʷ ʘʥʘʵʨʦʙʥʳʭ ʙʘʢʪʝʨʠʡ, ʠʟʦʣʠʨʦʚʘʥʥʘʷ ʠʟ ʠʣʦʚʳʭ ʦʪʣʦʞʝʥʠʡ 

ɹʘʣʪʠʤʦʨʩʢʦʛʦ ʧʦʨʪʘ, ʧʨʦʷʚʣʷʣʘ ʘʢʪʠʚʥʦʩʪʴ ʚ ʦʪʥʦʰʝʥʠʠ ʟʘʤʝʩʪʠʪʝʣʝʡ, 

ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʦʨʪʦ-ʧʦʣʦʞʝʥʠʠ ʚ ʤʦʣʝʢʫʣʘʭ ʇʍɹ (Holoman et al., 1998). 

Natarajan ʩ ʢʦʣʣʝʛʘʤʠ (1996) ʚʳʜʝʣʠʣ ʘʥʘʵʨʦʙʥʦʝ ʤʝʪʘʥʦʛʝʥʥʦʝ 

ʙʘʢʪʝʨʠʘʣʴʥʦʝ ʩʦʦʙʱʝʩʪʚʦ, ʧʨʦʷʚʣʷʶʱʝʝ ʘʢʪʠʚʥʦʩʪʴ ʢ ʟʘʤʝʩʪʠʪʝʣʷʤ 

ʚ ʤʦʣʝʢʫʣʝ ʇʍɹ ʚʦ ʚʩʝʭ ʚʦʟʤʦʞʥʳʭ ʧʦʣʦʞʝʥʠʷʭ (ʦʨʪʦ-, ʤʝʪʘ- ʠ ʧʘʨʘ-) ʠ 

ʦʩʫʱʝʩʪʚʣʷʶʱʝʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ 2,3,4,5,6-ʧʝʥʪʘʍɹ ʜʦ ʩʪʘʜʠʠ ʦʙʨʘʟʦʚʘʥʠʷ 

ʙʠʬʝʥʠʣʘ. ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʦʩʥʦʚʥʳʤ ʢʦʥʝʯʥʳʤ ʧʨʦʜʫʢʪʦʤ 

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʛʦ ʜʝʛʘʣʦʛʝʥʠʨʦʚʘʥʠʷ ʇʍɹ ʫ ʘʥʘʵʨʦʙʥʳʭ ʩʦʦʙʱʝʩʪʚ 

ʷʚʣʷʝʪʩʷ ʥʝʟʘʤʝʱʝʥʥʳʡ ʙʠʬʝʥʠʣ, ʦʧʠʩʘʥʘ ʤʝʪʘʥʦʛʝʥʥʘʷ ʘʩʩʦʮʠʘʮʠʷ, 

ʦʩʫʱʝʩʪʚʣʷʶʱʘʷ ʨʘʟʣʦʞʝʥʠʝ ʙʠʬʝʥʠʣʘ ʜʦ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ ʠ ʤʝʪʘʥʘ ʯʝʨʝʟ 

ʩʪʘʜʠʶ ʦʙʨʘʟʦʚʘʥʠʷ ʧʘʨʘ-ʢʨʝʟʦʣʘ (Natarajan et al., 1999). 

ɺ ʨʷʜʝ ʨʘʙʦʪ ʦʧʠʩʘʥʳ ʙʘʢʪʝʨʠʘʣʴʥʳʝ ʘʩʩʦʮʠʘʮʠʠ, ʩʢʦʥʩʪʨʫʠʨʦʚʘʥʥʳʝ 

ʥʘ ʦʩʥʦʚʝ ʰʪʘʤʤʦʚ ʩ ʠʟʚʝʩʪʥʦʡ ʜʝʛʨʘʜʘʪʠʚʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ. ʊʘʢ, ʘʩʩʦʮʠʘʮʠʷ 

ɽʉʆ3 ʚʢʣʶʯʘʣʘ ʰʪʘʤʤ Pseudomonas sp. ʉʈɽ1, ʦʩʫʱʝʩʪʚʣʷʶʱʠʡ ʨʘʟʣʦʞʝʥʠʝ 

4-ʭʣʦʨʙʠʬʝʥʠʣʘ ʠ 3,4ô-ʜʠʭʣʦʨʙʠʬʝʥʠʣʘ, ʘ ʪʘʢʞʝ ʜʚʘ ʰʪʘʤʤʘ, ʩʫʙʩʪʨʘʪʦʤ 

ʜʝʩʪʨʫʢʮʠʠ ʜʣʷ ʢʦʪʦʨʳʭ ʷʚʣʷʣʠʩʴ ʦʙʨʘʟʫʶʱʠʝʩʷ ʧʨʠ ʨʘʟʣʦʞʝʥʠʠ ʇʍɹ 

ʭʣʦʨʙʝʥʟʦʡʥʳʝ ʢʠʩʣʦʪʳ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʫʩʣʦʚʠʷʭ ʙʠʦʨʝʘʢʪʦʨʘ ʩʤʝʰʘʥʥʳʝ 

ʢʫʣʴʪʫʨʳ ʙʘʢʪʝʨʠʡ, ʚ ʩʦʩʪʘʚ ʢʦʪʦʨʳʭ ʚʢʣʶʯʝʥʳ ʰʪʘʤʤʳ-ʜʝʩʪʨʫʢʪʦʨʳ ʇʍɹ ʠ 

ʍɹʂ, ʵʬʬʝʢʪʠʚʥʦ ʨʘʟʣʘʛʘʣʠ (ʤʦʥʦ-ʜʠ)-ʭʣʦʨʙʠʬʝʥʠʣʳ ʠ ʢʦʤʤʝʨʯʝʩʢʠʝ ʩʤʝʩʠ 

ʇʍɹ ʤʘʨʦʢ Fenclor 42 ʠ Aroclor 1221 (Fava et al., 1994, 1996, 2000). 

ɹʘʢʪʝʨʠʘʣʴʥʘʷ ʘʩʩʦʮʠʘʮʠʷ, ʩʦʩʪʦʷʱʘʷ ʠʟ ʰʪʘʤʤʘ B. xenovorans LB400 ʠ 

ʛʝʥʝʪʠʯʝʩʢʠ-ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʰʪʘʤʤʘ P. putida mt-2a, ʦʩʫʱʝʩʪʚʣʷʣʘ 
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ʫʪʠʣʠʟʘʮʠʶ ʚʳʩʦʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʡ 2,4ô-ʜʠʭʣʦʨʙʠʬʝʥʠʣʘ (Potrawfke et al., 

2001).  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʘʢʪʝʨʠʠ-ʜʝʩʪʨʫʢʪʦʨʳ ʇʍɹ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʚ ʤʠʢʨʦʙʠʦʮʝʥʦʟʘʭ ʥʘ ʚʩʝʭ ʢʦʥʪʠʥʝʥʪʘʭ. ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʦʥʠ 

ʧʨʠʫʨʦʯʝʥʳ ʢ ʪʝʨʨʠʪʦʨʠʷʤ ʩʦ ʩʧʝʮʠʬʠʯʝʩʢʠʤ ʟʘʛʨʷʟʥʝʥʠʝʤ (ʇʍɹ ʠ ʜʨʫʛʠʝ 

ʩʦʝʜʠʥʝʥʠʷ ʛʨʫʧʧʳ ʉʆɿ). ɺʳʜʝʣʝʥʥʳʝ ʠ ʦʧʠʩʘʥʥʳʝ ʰʪʘʤʤʳ ʧʨʝʜʩʪʘʚʣʷʶʪ 

ʨʘʟʣʠʯʥʳʝ ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʠʝ ʛʨʫʧʧʳ, ʦʩʥʦʚʥʫʶ ʜʦʣʶ ʩʨʝʜʠ ʢʦʪʦʨʳʭ 

ʟʘʥʠʤʘʶʪ ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʢʣʘʩʩʦʚ Actinobacteria, Proteobacteria ʠ Firmicutes. 

ɺʳʩʦʢʫʶ ʜʝʛʨʘʜʘʪʠʚʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʢ ʇʍɹ ʧʨʦʷʚʣʷʶʪ ʢʘʢ ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ 

ʰʪʘʤʤʳ ʙʘʢʪʝʨʠʡ, ʪʘʢ ʠ ʘʩʩʦʮʠʘʮʠʠ. 

 

1.3. ʄʦʣʝʢʫʣʷʨʥʦ-ʛʝʥʝʪʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʘʵʨʦʙʥʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ 

ʙʠʬʝʥʠʣʘ/ʇʍɹ 

1.3.1. ʂʣʘʩʩʠʯʝʩʢʠʡ ʧʫʪʴ ʦʢʠʩʣʝʥʠʷ ʙʠʬʝʥʠʣʘ/ʇʍɹ 

ʄʝʭʘʥʠʟʤ ʦʢʠʩʣʝʥʠʷ ʇʍɹ ʘʵʨʦʙʥʳʤʠ ʙʘʢʪʝʨʠʷʤʠ ʠʟʫʯʝʥ ʜʦʚʦʣʴʥʦ 

ʧʦʜʨʦʙʥʦ (Parales, Resnick, 2006; Fukuda, 2014; Agull· et al., 2019). 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʨʘʟʣʦʞʝʥʠʝ ʇʍɹ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʬʝʨʤʝʥʪʦʚ 

çʚʝʨʭʥʝʛʦè ʙʠʬʝʥʠʣʴʥʦʛʦ ʧʫʪʠ ʜʦ ʩʪʘʜʠʠ ʬʦʨʤʠʨʦʚʘʥʠʷ (ʭʣʦʨ)ʙʝʥʟʦʡʥʦʡ ʠ 

ʧʝʥʪʘʜʠʝʥʦʚʦʡ ʢʠʩʣʦʪ, ʘ ʜʘʣʝʝ ʧʝʥʪʘʜʠʝʥʦʚʘʷ ʢʠʩʣʦʪʘ ʧʦʜ ʜʝʡʩʪʚʠʝʤ 

ʬʝʨʤʝʥʪʦʚ çʥʠʞʥʝʛʦè ʧʫʪʠ ʪʨʘʥʩʬʦʨʤʠʨʫʝʪʩʷ ʜʦ ʧʠʨʫʚʘʪʘ ʠ ʘʮʝʪʠʣ-ʂʦɸ, 

ʢʦʪʦʨʳʡ ʟʘʪʝʤ ʤʦʞʝʪ ʫʯʘʩʪʚʦʚʘʪʴ ʚ ʮʠʢʣʝ ʂʨʝʙʩʘ (ʨʠʩʫʥʦʢ 3). ɼʝʩʪʨʫʢʮʠʷ 

(ʭʣʦʨ)ʙʝʥʟʦʡʥʳʭ ʢʠʩʣʦʪ ʦʙʫʩʣʦʚʣʝʥʘ ʨʘʙʦʪʦʡ ʬʝʨʤʝʥʪʥʳʭ ʩʠʩʪʝʤ, 

ʥʝ ʩʚʷʟʘʥʥʳʭ ʩ ʤʝʪʘʙʦʣʠʟʤʦʤ ʙʠʬʝʥʠʣʘ. 

ʇʝʨʚʠʯʥʫʶ ʘʪʘʢʫ ʥʘ ʇʍɹ ʦʩʫʱʝʩʪʚʣʷʝʪ ʙʠʬʝʥʠʣ 2,3-ʜʠʦʢʩʠʛʝʥʘʟʘ 

(BphA), ʚʚʦʜʷ ʚ ʤʦʣʝʢʫʣʫ ʧʦʣʠʭʣʦʨʘʨʝʥʘ ʜʚʝ ʛʠʜʨʦʢʩʠʣʴʥʳʝ ʛʨʫʧʧʳ ʚ ʦʜʠʥ 

ʠʟ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʮʠʢʣʦʚ. ɺ ʨʝʟʫʣʴʪʘʪʝ, ʥʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʤʦʛʫʪ 

ʦʙʨʘʟʦʚʳʚʘʪʴʩʷ ʭʣʦʨʠʨʦʚʘʥʥʳʡ ʙʠʬʝʥʠʣ 2,3-ʜʠʛʠʜʨʦʜʠʦʣ, ʣʠʙʦ 

ʭʣʦʨʠʨʦʚʘʥʥʳʡ 2,3-ʜʠʛʠʜʨʦʢʩʠʙʠʬʝʥʠʣ. ɺ ʩʣʫʯʘʝ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʜʠʛʠʜʨʦʜʠʦʣʴʥʦʡ        ʩʪʨʫʢʪʫʨʳ,       ʩʣʝʜʫʶʱʠʡ      ɻ ʪʘʧ    ʪʨʘʥʩʬʦʨʤʘʮʠʠ  
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ʈʠʩʫʥʦʢ 3 ï ʄʝʪʘʙʦʣʠʯʝʩʢʠʡ ʧʫʪʴ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʙʠʬʝʥʠʣʘ/ʇʍɹ ʫ 

ʘʵʨʦʙʥʳʭ ʙʘʢʪʝʨʠʡ 
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ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʙʠʬʝʥʠʣ ʜʝʛʠʜʨʦʛʝʥʘʟʳ (BphB). ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʨʝʘʢʮʠʠ ʜʝʛʠʜʨʠʨʦʚʘʥʠʷ ʫʛʣʝʨʦʜʥʳʭ ʘʪʦʤʦʚ, ʫ ʢʦʪʦʨʳʭ ʧʨʠʩʦʝʜʠʥʝʥʳ 

ʛʠʜʨʦʢʩʠʣʴʥʳʝ ʛʨʫʧʧʳ, ʦʙʨʘʟʫʝʪʩʷ ʭʣʦʨʠʨʦʚʘʥʥʳʡ 2,3-ʜʠʛʠʜʨʦʢʩʠʙʠʬʝʥʠʣ. 

ɼʘʣʝʝ ʜʠʛʠʜʨʦʢʩʠʙʠʬʝʥʠʣ 2,3-ʜʠʦʢʩʠʛʝʥʘʟʘ (BphC) ʦʩʫʱʝʩʪʚʣʷʝʪ ʦʢʠʩʣʝʥʠʝ 

ʜʠʛʠʜʨʦʢʩʠ(ʧʦʣʠʭʣʦʨ)ʙʠʬʝʥʠʣʘ ʧʦ ʛʠʜʨʦʢʩʠʣʠʨʦʚʘʥʥʦʤʫ ʢʦʣʴʮʫ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ (ʭʣʦʨ/ʛʠʜʨʦʢʩʠ)-2-ʛʠʜʨʦʢʩʦ-6-ʦʢʩʦ-(ʭʣʦʨʬʝʥʠʣ)ʛʝʢʩʘʥ-2,4-

ʜʠʝʥʦʚʳʭ ʢʠʩʣʦʪ (ɻʆʌɼʂ). ʈʘʩʱʝʧʣʝʥʠʝ ɻʆʌɼʂ ʜʦ (ʭʣʦʨ)ʙʝʥʟʦʡʥʳʭ ʠ 

(ʭʣʦʨ)ʧʝʥʪʘʜʠʝʥʦʚʳʭ ʢʠʩʣʦʪ ʦʩʫʱʝʩʪʚʣʷʝʪ ʬʝʨʤʝʥʪ ɻʆʌɼʂ-ʛʠʜʨʦʣʘʟʘ 

(BphD).  

ɺʳʷʚʣʝʥ ʨʷʜ ʦʙʱʠʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʧʨʠ ʨʘʟʣʦʞʝʥʠʠ ʇʍɹ 

ʬʝʨʤʝʥʪʘʤʠ ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʧʫʪʠ ʜʝʩʪʨʫʢʮʠʠ ʙʠʬʝʥʠʣʘ: ʙʠʬʝʥʠʣ 

ʜʠʦʢʩʠʛʝʥʘʟʘ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʝʝ ʦʢʠʩʣʷʝʪ ʢʦʣʴʮʦ ʚ ʤʦʣʝʢʫʣʝ ʇʍɹ ʩ 

ʥʘʠʤʝʥʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʟʘʤʝʩʪʠʪʝʣʝʡ, ʩʢʦʨʦʩʪʴ ʜʝʩʪʨʫʢʮʠʠ ʠʤʝʝʪ ʦʙʨʘʪʥʦ 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʩʪʝʧʝʥʠ ʭʣʦʨʠʨʦʚʘʥʠʷ ʤʦʣʝʢʫʣʳ ʇʍɹ, 

ʧʨʠʩʫʪʩʪʚʠʝ ʟʘʤʝʩʪʠʪʝʣʝʡ ʚ ʦʨʪʦ-ʧʦʣʦʞʝʥʠʠ ʟʘʪʨʫʜʥʷʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 

ʩʫʙʩʪʨʘʪʘ ʩ ʬʝʨʤʝʥʪʦʤ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʙʘʢʪʝʨʠʘʣʴʥʦʡ ʜʝʩʪʨʫʢʮʠʠ ʜʘʥʥʳʭ ʢʦʥʛʝʥʝʨʦʚ (Elangovan et al., 2019). 

 

1.3.2. ʂʣʶʯʝʚʳʝ ʬʝʨʤʝʥʪʳ çʚʝʨʭʥʝʛʦè ʧʫʪʠ ʠ ʠʭ ʦʩʦʙʝʥʥʦʩʪʠ 

ʇʨʠʯʠʥʳ ʩʫʱʝʩʪʚʝʥʥʳʭ ʨʘʟʣʠʯʠʡ ʚ ʙʠʦʜʝʛʨʘʜʘʪʠʚʥʦʤ ʧʦʪʝʥʮʠʘʣʝ 

ʰʪʘʤʤʦʚ-ʜʝʩʪʨʫʢʪʦʨʦʚ ʇʍɹ ʘʢʪʠʚʥʦ ʠʟʫʯʘʣʠʩʴ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʧʦʩʣʝʜʥʠʭ 

ʜʝʩʷʪʠʣʝʪʠʡ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʩʫʙʩʪʨʘʪʥʘʷ ʩʧʝʮʠʬʠʯʥʦʩʪʴ ʟʘʚʠʩʠʪ ʦʪ ʦʩʦʙʝʥʥʦʩʪʝʡ ʩʪʨʦʝʥʠʷ ʬʝʨʤʝʥʪʦʚ 

çʚʝʨʭʥʝʛʦè ʧʫʪʠ, ʘ ʪʘʢʞʝ ʦʪ ʩʪʨʫʢʪʫʨʳ ʠʥʪʝʨʤʝʜʠʘʪʦʚ, ʦʙʨʘʟʫʶʱʠʭʩʷ ʚ 

ʧʨʦʮʝʩʩʝ ʤʝʪʘʙʦʣʠʟʤʘ ʢʘʞʜʦʛʦ ʢʦʥʛʝʥʝʨʘ ʇʍɹ. ʊʘʢʞʝ ʙʳʣʦ ʦʧʠʩʘʥʦ ʫʯʘʩʪʠʝ 

ʬʝʨʤʝʥʪʦʚ ʢʣʘʩʩʘ ʤʦʥʦʦʢʩʠʛʝʥʘʟ ʚ ʦʢʠʩʣʝʥʠʠ ʇʍɹ, ʥʝ ʩʦʜʝʨʞʘʱʠʭ 

ʩʚʦʙʦʜʥʳʭ ʦʪ ʟʘʤʝʩʪʠʪʝʣʝʡ ʚʠʮʠʥʘʣʴʥʳʭ ʫʛʣʝʨʦʜʥʳʭ ʘʪʦʤʦʚ. 

ɹʠʬʝʥʠʣ ʜʠʦʢʩʠʛʝʥʘʟʘ (BphA) 

ʌʝʨʤʝʥʪʦʤ ʧʝʨʚʠʯʥʦʡ ʘʪʘʢʠ ʇʍɹ, ʘ ʪʘʢʞʝ ʢʣʶʯʝʚʳʤ ʬʝʨʤʝʥʪʦʤ, 

ʦʙʫʩʣʦʚʣʠʚʘʶʱʠʤ ʩʧʝʢʪʨ ʪʨʘʥʩʬʦʨʤʠʨʫʝʤʳʭ ʢʦʥʛʝʥʝʨʦʚ, ʷʚʣʷʝʪʩʷ ʙʠʬʝʥʠʣ 
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ʜʠʦʢʩʠʛʝʥʘʟʘ (BphA) (ʂʌ 1.14.12.18) ï ʤʫʣʴʪʠʢʦʤʧʦʥʝʥʪʥʳʡ ʬʝʨʤʝʥʪ, 

ʩʦʩʪʦʷʱʠʡ ʠʟ ʪʝʨʤʠʥʘʣʴʥʦʡ ʦʢʩʠʛʝʥʘʟʳ, ʬʝʨʨʝʜʦʢʩʠʥʘ ʠ ʨʝʜʫʢʪʘʟʳ. 

ʂʘʪʘʣʠʪʠʯʝʩʢʠʡ ʮʝʥʪʨ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʥʘ ʪʝʨʤʠʥʘʣʴʥʦʡ ʦʢʩʠʛʝʥʘʟʝ, 

ʷʚʣʷʶʱʝʡʩʷ ʛʝʪʝʨʦʛʝʢʩʘʤʝʨʦʤ (Ŭ3ɓ3). Ŭ-ʉʫʙʲʝʜʠʥʠʮʘ (BphA1) 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʦʡ 51 ʢɼʘ, ʩʦʜʝʨʞʠʪ ʢʘʪʘʣʠʪʠʯʝʩʢʠʡ 

ʜʦʤʝʥ (ʉ-ʢʦʥʮʝʚʦʡ ʜʦʤʝʥ), [2Feï2S] ʢʣʘʩʪʝʨ ʈʠʩʢʝ (ʜʦʤʝʥ ʈʠʩʢʝ/N-ʢʦʥʮʝʚʦʡ 

ʜʦʤʝʥ) ʠ ʥʝʛʝʤʦʚʦʝ ʞʝʣʝʟʦ (ʨʠʩʫʥʦʢ 4).  

 

ʈʠʩʫʥʦʢ 4 ï ʉʭʝʤʘ Ŭ-ʩʫʙʲʝʜʠʥʠʮʳ ʙʠʬʝʥʠʣ 2,3-ʜʠʦʢʩʠʛʝʥʘʟʳ ʠ 

ʨʝʛʠʦʥʦʚ, ʦʪʚʝʪʩʪʚʝʥʥʳʭ ʟʘ ʨʘʩʧʦʟʥʘʚʘʥʠʝ ʩʫʙʩʪʨʘʪʘ (Rodarie, Jouanneau, 

2001; Zielinski et al., 2002; ʐʫʤʢʦʚʘ, ʇʣʦʪʥʠʢʦʚʘ, 2012) 

ʄʦʣʝʢʫʣʷʨʥʘʷ ʤʘʩʩʘ ɓ-ʩʫʙʲʝʜʠʥʠʮʳ (BphA2) ʩʦʩʪʘʚʣʷʝʪ 22 ʢɼʘ. 

ʇʦ ʬʦʨʤʝ BphA ʥʘʧʦʤʠʥʘʝʪ ʛʨʠʙ, çʥʦʞʢʫè ʢʦʪʦʨʦʛʦ ʬʦʨʤʠʨʫʶʪ 

ɓ-ʩʫʙʲʝʜʠʥʠʮʳ, ʘ çʰʣʷʧʢʫè - Ŭ-ʩʫʙʲʝʜʠʥʠʮʳ. ʇʝʨʝʜʘʯʘ ʵʣʝʢʪʨʦʥʦʚ 

ʧʨʦʠʩʭʦʜʠʪ ʦʪ ʬʝʨʨʝʜʦʢʩʠʥʨʝʜʫʢʪʘʟʳ (FAD-ʩʦʜʝʨʞʘʱʘʷ ʨʝʜʫʢʪʘʟʘ, Bphɸ4) 

ʥʘ ʬʝʨʨʝʜʦʢʩʠʥ (Bphɸ3), ʜʘʣʝʝ ʥʘ ʜʦʤʝʥ ʈʠʩʢʝ ʦʜʥʦʡ ʠʟ Ŭ-ʩʫʙʲʝʜʠʥʠʮ, ʠ 

ʟʘʚʝʨʰʘʝʪʩʷ ʧʝʨʝʜʘʯʝʡ ʥʘ ʢʘʪʘʣʠʪʠʯʝʩʢʦʝ ʞʝʣʝʟʦ ʩʦʩʝʜʥʝʡ Ŭ-ʩʫʙʲʝʜʠʥʠʮʳ 

(Viger et al., 2012; Sylvestre, 2013; Dhindwal et al., 2016). ɺ ʢʘʪʘʣʠʪʠʯʝʩʢʦʤ 

ʜʦʤʝʥʝ ʧʨʦʠʩʭʦʜʠʪ ʦʢʠʩʣʝʥʠʝ ʤʦʣʝʢʫʣʳ ʙʠʬʝʥʠʣʘ/ʇʍɹ, ʯʪʦ ʧʨʠʚʦʜʠʪ 

ʢ ʚʥʝʜʨʝʥʠʶ ʛʠʜʨʦʢʩʠ-ʛʨʫʧʧ ʧʦ ʜʚʫʤ ʚʠʮʠʥʘʣʴʥʳʤ ʘʪʦʤʘʤ ʫʛʣʝʨʦʜʘ. 

ɺ ʩʣʫʯʘʝ, ʝʩʣʠ ʦʜʠʥ ʠʟ ʘʪʦʤʦʚ ʙʳʣ ʟʘʤʝʱʝʥ, ʧʨʦʮʝʩʩ ʦʢʠʩʣʝʥʠʷ 

ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʜʝʭʣʦʨʠʨʦʚʘʥʠʝʤ ʠ ʢʦʣʠʯʝʩʪʚʦ ʭʣʦʨ-ʟʘʤʝʩʪʠʪʝʣʝʡ 

ʩʥʠʞʘʝʪʩʷ.  



43 
 

ʇʝʨʚʠʯʥʘʷ ʩʪʨʫʢʪʫʨʘ BphA1 ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʩʨʝʜʥʝʤ 

460 ʘʤʠʥʦʢʠʩʣʦʪʥʳʤʠ ʦʩʪʘʪʢʘʤʠ. ɺʪʦʨʠʯʥʘʷ ʩʪʨʫʢʪʫʨʘ N-ʢʦʥʮʝʚʦʛʦ ʜʦʤʝʥʘ 

ʩʦʩʪʦʠʪ ʠʟ ɓ-ʪʷʞʝʡ ʠ ʧʝʪʝʣʴ, ʠ ʚʢʣʶʯʘʝʪ ʢʣʘʩʪʝʨ ʈʠʩʢʝ; ʉ-ʢʦʥʮʝʚʦʡ ʜʦʤʝʥ 

ʧʨʝʜʩʪʘʚʣʝʥ Ŭ-ʩʧʠʨʘʣʷʤʠ ʩ ʨʘʩʧʦʣʘʛʘʶʱʠʤʩʷ ʚ ʢʘʪʘʣʠʪʠʯʝʩʢʦʤ ʢʘʨʤʘʥʝ 

ʤʦʥʦʥʫʢʣʝʘʨʥʳʤ ʞʝʣʝʟʦʤ. ɺ ʪʨʝʪʠʯʥʦʡ ʩʪʨʫʢʪʫʨʝ Ŭ-ʩʫʙʲʝʜʠʥʠʮʘ ʙʣʠʟʢʘ 

ʢ ʛʣʦʙʫʣʝ (ʨʠʩʫʥʦʢ 5) (Zielinski et al., 2002; Ferraro et al., 2007; ʐʫʤʢʦʚʘ, 

ʇʣʦʪʥʠʢʦʚʘ, 2012, Wang et al., 2021). 

 

ʈʠʩʫʥʦʢ 5 ï 3D-ʩʪʨʫʢʪʫʨʘ Ŭ-ʩʫʙʲʝʜʠʥʠʮʳ ʙʠʬʝʥʠʣ 2,3-ɼʆ hʪʘʤʤʘ 

B. xenovorans LB400 (Wang et al., 2021) 

ɸʥʘʣʠʟ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʢʘʟʘʣ, ʯʪʦ ʩʫʙʩʪʨʘʪʥʘʷ 

ʩʧʝʮʠʬʠʯʥʦʩʪʴ BphA ʚ ʦʪʥʦʰʝʥʠʠ ʢʦʥʛʝʥʝʨʦʚ ʇʍɹ ʟʘʚʠʩʠʪ ʦʪ ʨʘʟʤʝʨʘ ʠ 

ʢʦʥʬʠʛʫʨʘʮʠʠ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʢʘʨʤʘʥʘ (Wang et al., 2021). ʊʘʢʞʝ 

ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʨʷʜ ʘʤʠʥʦʢʠʩʣʦʪ ʚ I, II , III  ʠ IV ʦʙʣʘʩʪʷʭ ʉ-ʢʦʥʮʝʚʦʡ ʯʘʩʪʠ 

BphA1 ʫʯʘʩʪʚʫʶʪ ʚ ʨʘʩʧʦʟʥʘʚʘʥʠʠ ʩʫʙʩʪʨʘʪʘ ʠ ʨʝʛʠʦʩʧʝʮʠʬʠʯʥʦʩʪʠ. 

BphA ʠʟʚʝʩʪʥʳʭ ʰʪʘʤʤʦʚ-ʜʝʩʪʨʫʢʪʦʨʦʚ B. xenovorans LB400, 

P. pseudoalcaligenes KF707 ʠ Pseudomonas sp. B4 ʦʪʣʠʯʘʶʪʩʷ 

ʘʤʠʥʦʢʠʩʣʦʪʥʳʤʠ ʦʩʪʘʪʢʘʤʠ ʚ ʧʦʣʦʞʝʥʠʷʭ 237 ʠ 238 (I ʦʙʣʘʩʪʴ), 

277 (II  ʦʙʣʘʩʪʴ), 335ï341 (III  ʦʙʣʘʩʪʴ), 377 (IV ʦʙʣʘʩʪʴ) (ʨʠʩʫʥʦʢ 4), ʯʪʦ 

ʦʙʫʩʣʦʚʣʠʚʘʝʪ ʙʦʣʝʝ ʫʟʢʠʡ ʩʧʝʢʪʨ ʪʨʘʥʩʬʦʨʤʠʨʫʝʤʳʭ ʢʦʥʛʝʥʝʨʦʚ ʇʍɹ 
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ʫ ʰʪʘʤʤʦʚ KF707 ʠ B4, ʯʝʤ ʫ ʰʪʘʤʤʘ LB400 (Mondello et al., 1997; Suenaga 

et al., 2001; Rodarie, Jouanneau, 2001; Barriault, Sylvestre, 2004; V®zina et al., 

2007). ʇʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʦʚ ʢʚʘʥʪʦʚʦʡ ʠ ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʝʭʘʥʠʢʠ ʧʦʢʘʟʘʣʦ, 

ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʚʷʟʳʚʘʥʠʷ BphA 

ʩ ʥʝʟʘʤʝʱʝʥʥʳʤ ʙʠʬʝʥʠʣʦʤ ʦʢʘʟʳʚʘʶʪ Asp230, Gly335, Asn337, Thr338, 

Ile339, Arg34, ʥʘʭʦʜʷʱʠʝʩʷ ʚ ʘʢʪʠʚʥʦʤ ʮʝʥʪʨʝ Ŭ-ʩʫʙʲʝʜʠʥʠʮʳ, ʘ ʚ ʩʣʫʯʘʝ 

ʩʚʷʟʳʚʘʥʠʷ ʩ 4,4ô-ʜʠʭʣʦʨʙʠʬʝʥʠʣʦʤ ï ʈhe227, Ile336, Asn337, Ile339, Phe378, 

Arg340 (Zhu et al., 2020). 

ʀʟʚʝʩʪʥʦ, ʯʪʦ BphALB400 ʦʢʠʩʣʷʝʪ (ʤʦʥʦ-ʛʝʢʩʘ)-ʭʣʦʨʠʨʦʚʘʥʥʳʝ 

ʙʠʬʝʥʠʣʳ ʚ ʧʦʣʦʞʝʥʠʷʭ 2,3 ʠ 3,4, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ 4,4ô-ʜʠʭʣʦʨʙʠʬʝʥʠʣʘ 

(ʇʍɹ 15), ʧʨʠ ʵʪʦʤ ʘʢʪʠʚʥʦʩʪʴ ʬʝʨʤʝʥʪʘ ʩʥʠʞʘʝʪʩʷ ʚ ʨʷʜʫ ʥʝʟʘʤʝʱʝʥʥʦʝ > 

ʦʨʪʦ- > ʤʝʪʘ- > ʧʘʨʘ-ʟʘʤʝʱʝʥʥʦʝ ʢʦʣʴʮʦ ʇʍɹ (Erickson, Mondello, 1993; 

Haddok et al., 1995; Seeger et al., 1995, 1999, 2001). ʅʘʧʨʦʪʠʚ, BphAKF707 

ʦʢʠʩʣʷʝʪ ʇʍɹ 15, ʥʦ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʫʟʢʦʡ ʩʫʙʩʪʨʘʪʥʦʡ ʩʧʝʮʠʬʠʯʥʦʩʪʴʶ. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ Ŭ-ʩʫʙʲʝʜʠʥʠʮʳ ʰʪʘʤʤʦʚ LB400 ʠ KF707 ʠʤʝʶʪ ʫʨʦʚʝʥʴ 

ʩʭʦʜʩʪʚʘ 95.6% (Kimura et al., 1997). ɿʘʤʝʥʘ ʘʩʧʘʨʘʛʠʥʦʚʦʡ ʢʠʩʣʦʪʳ (Asn) 

ʥʘ ʪʨʝʦʥʠʥ (Thr-376) ʚ ʘʢʪʠʚʥʦʤ ʮʝʥʪʨʝ BphA1 ʰʪʘʤʤʘ P. pseudoalcaligenes 

KF707 ʧʨʠʚʦʜʠʣʘ ʢ ʨʘʩʰʠʨʝʥʠʶ ʜʠʘʧʘʟʦʥʘ ʦʢʠʩʣʷʝʤʳʭ ʢʦʥʛʝʥʝʨʦʚ ʇʍɹ 

(Suenaga et al., 2006). ʐʪʘʤʤʳ C. testosteroni B-356 ʠ Rhodococcus globerulus 

P6 ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʝʝ ʨʘʟʣʘʛʘʣʠ ʇʍɹ, ʥʝʩʫʱʠʝ ʟʘʤʝʩʪʠʪʝʣʠ ʚ ʤʝʪʘ-

ʧʦʣʦʞʝʥʠʠ, ʠ ʧʨʦʷʚʣʷʣʠ ʥʠʟʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʢ ʜʠ(ʦʨʪʦ)-ʭʣʦʨʠʨʦʚʘʥʥʳʤ 

ʢʦʥʛʝʥʝʨʘʤ (McKay et al., 1997; Hurtubise et al., 1998). ʋʨʦʚʝʥʴ ʩʭʦʜʩʪʚʘ 

BphAɺ-356 ʠ BphALB400 ʩʦʩʪʘʚʣʷʣ 76% (Imbeault et al., 2000). ɺ ʨʝʟʫʣʴʪʘʪʝ 

3D-ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʨʘʩʧʦʣʘʛʝʥʠʝ 4,4ô-ʜʠʍɹ ʚ ʘʢʪʠʚʥʦʤ 

ʮʝʥʪʨʝ BphAɺ-356 ʦʪʥʦʩʠʪʝʣʴʥʦ Fe ʙʦʣʝʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠ ʚʳʛʦʜʥʦ, ʯʝʤ 

3,3ô-ʜʠʍɹ ʠ ʥʝʟʘʤʝʱʝʥʥʳʡ ʙʠʬʝʥʠʣ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʝʛʦ ʵʬʬʝʢʪʠʚʥʦʡ 

ʪʨʘʥʩʬʦʨʤʘʮʠʠ (Baig, Manickam, 2010). 

ɸʥʘʣʠʟ ʜʝʛʨʘʜʘʪʠʚʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʭʠʤʝʨʥʳʭ ʜʠʦʢʩʠʛʝʥʘʟ, ʧʦʣʫʯʝʥʥʳʭ 

ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʤʙʠʥʠʨʦʚʘʥʠʷ Ŭ- ʠ ɓ-ʩʫʙʲʝʜʠʥʠʮ ʰʪʘʤʤʦʚ C. testosteroni 

B-356, R. globerulus P6 ʠ B. xenovorans LB400, ʧʦʢʘʟʘʣ, ʯʪʦ ɓ-ʩʫʙʲʝʜʠʥʠʮʳ 
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ʪʘʢʞʝ ʦʢʘʟʳʚʘʶʪ ʚʣʠʷʥʠʝ ʥʘ ʩʧʝʢʪʨ ʦʢʠʩʣʷʝʤʳʭ ʢʦʥʛʝʥʝʨʦʚ ʇʍɹ. 

ʊʘʢ, ʙʠʬʝʥʠʣ ʜʠʦʢʩʠʛʝʥʘʟʘ Ŭɺ-356ɓ LB400 ʥʝ ʧʨʦʷʚʣʷʣʘ ʘʢʪʠʚʥʦʩʪʴ ʢ 4,4ô-ʜʠʍɹ, 

ʢʘʢ ʠ BphALB400, ʘ ʙʠʬʝʥʠʣ ɼʆ Ŭʈ6ɓ LB400 ï ʦʢʠʩʣʷʣʘ 2,2ô,5,5ô-ʪʝʪʨʘʍɹ, 

ʥʝʩʤʦʪʨʷ ʥʘ ʪʦ ʯʪʦ BphAʈ6 ʥʝ ʩʧʦʩʦʙʥʘ ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʪʴ ʜʘʥʥʳʡ ʢʦʥʛʝʥʝʨ 

ʇʍɹ (Chebrou et al., 1999; Hurtubise et al., 1998). 

ɹʠʬʝʥʠʣ ʜʠʦʢʩʠʛʝʥʘʟʘ ʰʪʘʤʤʘ A. eutrophus H850 ʦʩʫʱʝʩʪʚʣʷʣʘ 

ʜʠʦʢʩʠʛʝʥʠʨʦʚʘʥʠʝ ʫʛʣʝʨʦʜʥʳʭ ʘʪʦʤʦʚ ʚ ʤʦʣʝʢʫʣʝ ʇʍɹ ʚ ʧʦʣʦʞʝʥʠʷʭ 3,4 ʠ 

4,5 ʚ ʩʣʫʯʘʷʭ, ʝʩʣʠ ʚʦ ʚʪʦʨʦʤ ʢʦʣʴʮʝ ʤʦʣʝʢʫʣʳ ʇʍɹ ʟʘʤʝʩʪʠʪʝʣʠ 

ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚ ʧʦʣʦʞʝʥʠʷʭ 2 ʠ 6. ɽʩʣʠ ʟʘʤʝʩʪʠʪʝʣʠ ʚ ʘʪʘʢʫʝʤʦʤ ʢʦʣʴʮʝ 

ʥʘʭʦʜʷʪʩʷ ʫ 2 ʠ 5 ʫʛʣʝʨʦʜʥʳʭ ʘʪʦʤʦʚ, ʪʦ ʦʢʠʩʣʝʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʧʦ 3 ʠ 

4 ʧʦʣʦʞʝʥʠʶ, ʚ ʦʩʪʘʣʴʥʳʭ ʩʣʫʯʘʷʭ ʛʠʜʨʦʢʩʠʣʴʥʳʝ ʛʨʫʧʧʳ ʚʩʪʨʘʠʚʘʶʪʩʷ 

ʧʦ 2 ʠ 3 ʫʛʣʝʨʦʜʥʳʤ ʘʪʦʤʘʤ (Bedard et al., 1987). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʪʨʫʢʪʫʨʘ 

ʢʦʥʛʝʥʝʨʘ ʇʍɹ ʪʘʢʞʝ ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʝ ʥʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ BphA.  

BphA ʰʪʘʤʤʘ Castellaniella sp. SPC4 ʦʩʫʱʝʩʪʚʣʷʝʪ ʜʠʦʢʩʠʛʝʥʠʨʦʚʘʥʠʝ 

3,3ô,4,4ô-ʪʝʪʨʘʭʣʦʨʙʠʬʝʥʠʣʘ ʧʦ 2 ʠ 3 ʫʛʣʝʨʦʜʥʳʤ ʘʪʦʤʘʤ ʦʜʥʦʛʦ ʠʟ ʢʦʣʝʮ, 

ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 2,3-ʜʠʛʠʜʨʦʢʩʠ-4,3ô,4ô-ʪʨʠʭʣʦʨʙʠʬʝʥʠʣʘ, 

ʧʦʩʣʝʜʫʶʱʝʝ ʨʘʟʣʦʞʝʥʠʝ ʢʦʪʦʨʦʛʦ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦ ʢʣʘʩʩʠʯʝʩʢʦʤʫ 

çʚʝʨʭʥʝʤʫè ʧʫʪʠ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʇʍɹ (Su et al., 2019). 

ɺʣʠʷʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʟʘʤʝʩʪʠʪʝʣʝʡ ʚ ʤʦʣʝʢʫʣʝ ʇʍɹ ʠ ʠʭ ʨʘʩʧʦʣʦʞʝʥʠʷ 

ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʚʷʟʳʚʘʥʠʷ ʩ ʙʠʬʝʥʠʣ 2,3-ʜʠʦʢʩʠʛʝʥʘʟʦʡ ʙʳʣʦ 

ʧʦʜʪʚʝʨʞʜʝʥʦ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʩ BphA1 ʰʪʘʤʤʘ Enterobacter sp. LY402 

(Cao et al., 2011). ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʵʥʝʨʛʠʷ ʩʨʦʜʩʪʚʘ ʇʍɹ 

ʢʦʨʨʝʣʠʨʦʚʘʣʘ ʩ ʢʦʥʩʪʘʥʪʘʤʠ ʩʢʦʨʦʩʪʠ ʜʝʛʨʘʜʘʮʠʠ ʢʦʥʛʝʥʝʨʦʚ ʇʍɹ 

BphA1LY402. ɺ ʨʝʟʫʣʴʪʘʪʝ 3D-ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʘʤʠʥʦʢʠʩʣʦʪʳ 

Ser283, Val287, Gly321 ʠ Tyr384 ʚ ʘʢʪʠʚʥʦʤ ʮʝʥʪʨʝ ʬʝʨʤʝʥʪʘ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʚʳʩʦʢʦʡ ʚʘʨʠʘʙʝʣʴʥʦʩʪʴʶ ʠ ʦʪʚʝʯʘʶʪ ʟʘ ʩʚʷʟʳʚʘʥʠʝ 

ʩ ʤʦʣʝʢʫʣʦʡ ʇʍɹ. ʊʘʢʞʝ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʜʝʛʨʘʜʘʮʠʠ 

ʇʍɹ ʙʠʬʝʥʠʣ 2,3-ʜʠʦʢʩʠʛʝʥʘʟʦʡ ʦʢʘʟʳʚʘʶʪ ʚʣʠʷʥʠʝ ʬʠʟʠʯʝʩʢʠʝ, 

ʵʣʝʢʪʨʦʥʥʳʝ ʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʘʞʜʦʛʦ ʢʦʥʛʝʥʝʨʘ ʇʍɹ.   
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ɺ ʦʢʠʩʣʝʥʠʠ ʇʍɹ ʤʦʛʫʪ ʧʨʠʥʠʤʘʪʴ ʫʯʘʩʪʠʝ ʜʠʦʢʩʠʛʝʥʘʟʳ, 

ʦʪʥʦʩʷʱʠʝʩʷ ʢ ʩʝʤʝʡʩʪʚʘʤ ʙʠʬʝʥʠʣ/ʪʦʣʫʦʣ ʜʠʦʢʩʠʛʝʥʘʟ (ɹ/ʊ ɼʆ) ʠ ʥʘʬʪʘʣʠʥ 

ʜʠʦʢʩʠʛʝʥʘʟ (ʅɼʆ). ʇʦ ʩʪʨʫʢʪʫʨʝ ʜʘʥʥʳʝ ʬʝʨʤʝʥʪʳ ʩʭʦʞʠ ʩ ʙʠʬʝʥʠʣ 

ʜʠʦʢʩʠʛʝʥʘʟʘʤʠ: ʩʦʩʪʦʷʪ ʠʟ Ŭ- ʠ ɓ-ʩʫʙʲʝʜʠʥʠʮ, ʩʦʜʝʨʞʘʪ ʞʝʣʝʟʦ-ʩʝʨʥʳʡ 

ʢʣʘʩʪʝʨ ʈʠʩʢʝ [2Fe-2S] ʠ ʥʝʛʝʤʦʚʦʝ ʞʝʣʝʟʦ ʚ ʘʢʪʠʚʥʦʤ ʮʝʥʪʨʝ, 

ʨʘʩʧʦʣʦʞʝʥʥʦʤ ʥʘ Ŭ-ʩʫʙʲʝʜʠʥʠʮʝ (ɾʘʨʠʢʦʚʘ ʠ ʜʨ., 2018; Gibson, Parales, 

2000; Nam et al., 2001; Pieper, 2005; Witzig et al., 2006). ɼʣʷ ʬʝʨʤʝʥʪʦʚ 

ʩʝʤʝʡʩʪʚʘ ʙʠʬʝʥʠʣ/ʪʦʣʫʦʣ ʜʠʦʢʩʠʛʝʥʘʟ ʠʟʚʝʩʪʥʘ ʩʧʦʩʦʙʥʦʩʪʴ ʢ ʦʢʠʩʣʝʥʠʶ 

ʪʦʣʫʦʣʘ, ʙʝʥʟʦʣʘ, ʭʣʦʨʙʝʥʟʦʣʦʚ ʠ ʙʠʬʝʥʠʣʘ (Pieper, 2005; Parales, Resnick, 

2006; Jouanneau et al., 2011). ʆʧʠʩʘʥʘ ʩʧʦʩʦʙʥʦʩʪʴ ʥʘʬʪʘʣʠʥ ʜʠʦʢʩʠʛʝʥʘʟʳ 

ʰʪʘʤʤʘ P. putida G7 ʵʬʬʝʢʪʠʚʥʦ ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʪʴ ʭʣʦʨʙʠʬʝʥʠʣʳ (Barriault, 

Sylvestre, 1999). ɼʠʦʢʩʠʛʝʥʘʟʳ ʰʪʘʤʤʦʚ Sphingomonas aromaticivorans F199, 

Bacillus sp. JF8, Rhodococcus sp. R04 ʠ Rhodococcus sp. K37 ʦʢʠʩʣʷʣʠ 

ʭʣʦʨʙʠʬʝʥʠʣʳ, ʧʨʠ ʵʪʦʤ ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʠʩʴ ʚʳʩʦʢʠʤ ʫʨʦʚʥʝʤ ʩʭʦʜʩʪʚʘ 

ʩ ʬʝʨʤʝʥʪʘʤʠ ʩʝʤʝʡʩʪʚʘ ʥʘʬʪʘʣʠʥ ʜʠʦʢʩʠʛʝʥʘʟ (Gibson, Parales, 2000; 

Mukerjee-Dhar et al., 2005; Taguchi et al., 2007; Yang et al., 2007). ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʚ ʧʝʨʚʠʯʥʦʡ ʘʪʘʢʝ ʥʘ ʤʦʣʝʢʫʣʫ ʇʍɹ ʤʦʛʫʪ ʙʳʪʴ ʟʘʜʝʡʩʪʚʦʚʘʥʳ 

ʥʝ ʪʦʣʴʢʦ ʬʝʨʤʝʥʪʳ ʩʝʤʝʡʩʪʚʘ ʙʠʬʝʥʠʣ ɼʆ, ʥʦ ʠ ʙʣʠʟʢʠʝ ʧʦ ʩʪʨʦʝʥʠʶ 

ʬʝʨʤʝʥʪʳ ʩʝʤʝʡʩʪʚ ʅɼʆ ʠ ɹ/ʊ ɼʆ. 

ɹʠʬʝʥʠʣ ʜʝʛʠʜʨʦʛʝʥʘʟʘ (BphB) 

ɹʠʬʝʥʠʣ-2,3-ʜʠʛʠʜʨʦʜʠʦʣ 2,3-ʜʝʛʠʜʨʦʛʝʥʘʟʘ (BphB) (ʂʌ 1.3.1.56) 

ʦʪʥʦʩʠʪʩʷ ʢ ʩʝʤʝʡʩʪʚʫ ʢʦʨʦʪʢʦʮʝʧʦʯʝʯʥʳʭ NAD-ʟʘʚʠʩʠʤʳʭ 

ʜʝʛʠʜʨʦʛʝʥʘʟ/ʨʝʜʫʢʪʘʟ. BphB ʢʘʪʘʣʠʟʠʨʫʝʪ ʚʪʦʨʫʶ ʩʪʘʜʠʶ ʪʨʘʥʩʬʦʨʤʘʮʠʠ 

ʇʍɹ ʧʦ çʚʝʨʭʥʝʤʫè ʧʫʪʠ ʚ ʩʣʫʯʘʝ, ʝʩʣʠ ʥʘ ʧʝʨʚʦʡ ʩʪʘʜʠʠ ʧʨʠ ʦʢʠʩʣʝʥʠʠ 

ʥʝʟʘʤʝʱʝʥʥʳʭ ʘʪʦʤʦʚ ʫʛʣʝʨʦʜʘ ʚ ʤʦʣʝʢʫʣʝ ʇʍɹ ʦʙʨʘʟʦʚʘʣʩʷ (ʭʣʦʨ)ʙʠʬʝʥʠʣ-

2,3-ʜʠʛʠʜʨʦʜʠʦʣ. ʅʘ ʧʨʠʤʝʨʝ ʨʝʢʦʤʙʠʥʘʥʪʥʦʛʦ ʰʪʘʤʤʘ Escherichia coli, 

ʥʝ ʩʦʜʝʨʞʘʱʝʛʦ BphB, ʧʦʢʘʟʘʥʦ ʨʘʟʣʦʞʝʥʠʝ ʥʠʟʢʦʭʣʦʨʠʨʦʚʘʥʥʳʭ ʙʠʬʝʥʠʣʦʚ 

ʜʦ ʩʪʘʜʠʠ ɻʆʌɼʂ ʠ ʜʘʣʝʝ ʜʦ ʍɹʂ, ʙʝʟ ʫʯʘʩʪʠʷ ʙʠʬʝʥʠʣ ʜʝʛʠʜʨʦʛʝʥʘʟ, ʝʩʣʠ 

BphA ʦʩʫʱʝʩʪʚʣʷʝʪ ʦʢʠʩʣʝʥʠʝ ʤʦʣʝʢʫʣʳ ʇʍɹ ʩ ʦʪʱʝʧʣʝʥʠʝʤ ʘʪʦʤʘ ʭʣʦʨʘ 
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(Bruhlmann, Chen, 1999). BphB ʷʚʣʷʝʪʩʷ ʪʝʪʨʘʤʝʨʦʤ (ʄr = 128 ʢɼʘ) ʠ ʩʦʩʪʦʠʪ 

ʠʟ ʯʝʪʳʨʝʭ ʠʜʝʥʪʠʯʥʳʭ ʩʫʙʲʝʜʠʥʠʮ (ʄr = 31 ʢɼʘ), ʢʘʞʜʘʷ ʠʟ ʢʦʪʦʨʳʭ 

ʧʨʝʜʩʪʘʚʣʝʥʘ 277 ʘʤʠʥʦʢʠʩʣʦʪʥʳʤʠ ʦʩʪʘʪʢʘʤʠ. ʄʘʢʩʠʤʘʣʴʥʘʷ 

ʢʘʪʘʣʠʪʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʬʝʨʤʝʥʪʘ ʧʨʦʷʚʣʷʝʪʩʷ ʧʨʠ ʨʅ 8.5. ʋʩʪʘʥʦʚʣʝʥʦ, 

ʯʪʦ ʚ ʰʪʘʤʤʘʭ Pseudomonas putida OU83, P. pseudoalcaligenes KF707 ʠ 

B. xenovorans LB400 ʧʨʠʩʫʪʩʪʚʫʶʪ BphB ʩ ʚʳʩʦʢʠʤ ʫʨʦʚʥʝʤ ʛʦʤʦʣʦʛʠʠ 

(Khan et al., 1997). BphBLB400 ʧʨʦʷʚʣʷʣʘ ʘʢʪʠʚʥʦʩʪʴ ʢ ʜʠʛʠʜʨʦʜʠʦʣʴʥʳʤ 

ʧʨʦʠʟʚʦʜʥʳʤ ʙʠʬʝʥʠʣʘ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʧʨʦʠʩʭʦʜʠʣʦ ʦʙʨʘʟʦʚʘʥʠʝ 2,3,2',3'-

ʪʝʪʨʘʛʠʜʨʦʢʩʠʙʠʬʝʥʠʣʘ (Agull· et al., 2019). ʀʟʫʯʝʥʠʝ ʩʪʨʫʢʪʫʨʳ BphBLB400 

ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʤʝʪʦʜʘ ʤʦʣʝʢʫʣʷʨʥʳʭ ʟʘʤʝʥ ʧʦʢʘʟʘʣʦ, ʯʪʦ (ʭʣʦʨ)ʙʠʬʝʥʠʣ 

ʜʠʛʠʜʨʦʜʠʦʣʳ ʩʚʷʟʳʚʘʶʪʩʷ ʩ ʛʠʜʨʦʬʦʙʥʦʡ ʱʝʣʴʶ, ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʚʙʣʠʟʠ 

NAD+, ʘ Asn143 ʷʚʣʷʝʪʩʷ ʢʣʶʯʝʚʳʤ ʬʘʢʪʦʨʦʤ ʩʫʙʩʪʨʘʪʥʦʡ ʩʧʝʮʠʬʠʯʥʦʩʪʠ 

BphBLB400 (Furukawa, Fujihara, 2008). ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʟʫʯʝʥʠ ̫ BphB ʰʪʘʤʤʘ 

Comamonas testosteroni B-356 ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʬʫʥʢʮʠʶ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ 

ʮʝʥʪʨʘ ʚʳʧʦʣʥʷʶʪ ʘʤʠʥʦʢʠʩʣʦʪʳ Ser142, Tyr155 ʠ Lys159, ʧʨʠ ʵʪʦʤ BphB 

B-356 ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʢʦʥʩʪʘʥʪʦʡ ʩʧʝʮʠʬʠʯʥʦʩʪʠ ʜʣʷ NAD+ 

ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ NADP+ (Furukawa, Fujihara, 2008). ʇʨʠʤʝʥʝʥʠʝ 

ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʛʦ ʧʦʜʭʦʜʘ ʢʚʘʥʪʦʚʦʡ ʠ ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʝʭʘʥʠʢʠ 

ʧʨʠ ʠʟʫʯʝʥʠʠ ʤʝʭʘʥʠʟʤʦʚ ʜʝʛʠʜʨʠʨʦʚʘʥʠʷ ʮʠʩ-2,3-ʜʠʛʠʜʨʦ-2,3-

ʜʠʛʠʜʨʦʢʩʠʙʠʬʝʥʠʣʘ ʠ ʮʠʩ-2,3-ʜʠʛʠʜʨʦ-2,3-ʜʠʛʠʜʨʦʢʩʠ-4,4'-ʜʠʭʣʦʨʙʠʬʝʥʠʣʘ 

BphB ʰʪʘʤʤʘ Pandoraea pnomenusa B-356 ʚʳʷʚʠʣʦ ʩʫʱʝʩʪʚʝʥʥʫʶ ʨʦʣʴ 

ʥʝ ʪʦʣʴʢʦ Asn115, Ser142 ʠ Lys149, ʥʦ ʠ Ile89, Asn143, Pro184, Met187, 

Thr189 ʠ Lue191 (Zhang et al., 2018). 

ɼʠʛʠʜʨʦʢʩʠʙʠʬʝʥʠʣ ʜʠʦʢʩʠʛʝʥʘʟʘ 

ʊʨʘʥʩʬʦʨʤʘʮʠʶ ʤʦʣʝʢʫʣʳ ʜʠʛʠʜʨʦʢʩʠ(ʭʣʦʨ)ʙʠʬʝʥʠʣʘ ʜʦ 

(ʭʣʦʨ)ɻʆʌɼʂ ʦʩʫʱʝʩʪʚʣʷʝʪ ʜʠʛʠʜʨʦʢʩʠʙʠʬʝʥʠʣ ʜʠʦʢʩʠʛʝʥʘʟʘ (BphC) (ʂʌ 

1.13.11.39) ʚ ʨʝʟʫʣʴʪʘʪʝ ʤʝʪʘ-ʨʘʩʱʝʧʣʝʥʠʷ ʛʠʜʨʦʢʩʠʣʠʨʦʚʘʥʥʦʛʦ ʢʦʣʴʮʘ 

ʤʦʣʝʢʫʣʳ ʇʍɹ (ʨʠʩʫʥʦʢ 3). ʇʦ ʩʪʨʦʝʥʠʶ BphC ʰʪʘʤʤʘ Pseudomonas sp. 

KKS102 ʧʨʝʜʩʪʘʚʣʷʝʪ ʦʢʪʘʤʝʨ. ʉʫʙʲʝʜʠʥʠʮʳ BphCKKS102 ʩʦʜʝʨʞʘʪ ʜʚʘ 



48 
 

ʜʦʤʝʥʘ, ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ɓŬɓɓɓ ʠ 

55 ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ ʦʩʪʘʪʢʦʚ, ʘ ʚ ʘʢʪʠʚʥʦʤ ʮʝʥʪʨʝ ʨʘʩʧʦʣʘʛʘʝʪʩʷ Fe2+, 

ʩʚʷʟʘʥʥʳʡ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʤʠ ʩʚʷʟʷʤʠ ʩ His145, His209, Glu260 ʠ ʜʚʫʤʷ 

ʤʦʣʝʢʫʣʘʤʠ ʚʦʜʳ (Senda et al., 1996). 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʠʥʛʠʙʠʨʦʚʘʥʠʝ BphC ʤʦʞʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʢʘʢ 

ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʙʨʘʟʦʚʘʥʠʷ ʧʨʦʜʫʢʪʦʚ ʨʘʩʱʝʧʣʝʥʠʷ 2'-ʭʣʦʨʟʘʤʝʱʝʥʥʳʭ 

2,3-ʜʠʛʠʜʨʦʢʩʠʙʠʬʝʥʠʣʦʚ, ʪʘʢ ʠ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʪʘʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʢʘʢ 

3,4-ʜʠʛʠʜʨʦʢʩʠʙʠʬʝʥʠʣʳ, 2'-ʭʣʦʨʟʘʤʝʱʝʥʥʳʝ 2,3-ʜʠʛʠʜʨʦʢʩʠʙʠʬʝʥʠʣʳ, 

3-ʭʣʦʨʢʘʪʝʭʦʣ, ʘʮʝʪʦʥ ʠ ʠʟʦʧʨʦʧʘʥʦʣ (Vaillancourt et al., 1998, 2002; Yang et 

al., 2008; Agull· et al., 2019). 

ɼʣʷ ʤʥʦʛʠʭ ʰʪʘʤʤʦʚ-ʜʝʩʪʨʫʢʪʦʨʦʚ ʦʧʠʩʘʥʦ ʧʨʠʩʫʪʩʪʚʠʝ ʚ ʢʣʝʪʢʝ 

ʥʝʩʢʦʣʴʢʠʭ ʵʢʩʪʨʘʜʠʦʣʴʥʳʭ ʜʠʦʢʩʠʛʝʥʘʟ. ʋ ʰʪʘʤʤʘ Rhodococcus sp. R04, 

ʘʢʪʠʚʥʦ ʨʘʟʣʘʛʘʶʱʝʛʦ ʙʠʬʝʥʠʣ, ʚʳʷʚʣʝʥʦ ʜʚʘ ʛʝʥʘ bphC, ʫ ʰʪʘʤʤʘ 

R. globerulus ʈ6 ï ʪʨʠ bphC, ʘ ʫ ʰʪʘʤʤʘ R. erythropolis TA421 ï ʩʝʤʴ ʛʝʥʦʚ, 

ʢʦʜʠʨʫʶʱʠʭ ʜʠʛʠʜʨʦʢʩʠʙʠʬʝʥʠʣ ʜʠʦʢʩʠʛʝʥʘʟʫ (Asturias et al., 1994; Yang et 

al., 2008).  

ɻʆʌɼʂ-ʛʠʜʨʦʣʘʟʘ 

2-ɻʠʜʨʦʢʩʠ-6-ʦʢʩʦ-6-ʬʝʥʠʣʛʝʢʩʘ-2,4-ʜʠʝʥʦʘʪ ʛʠʜʨʦʣʘʟʘ (BphD) 

(ʂʌ 3.7.1.8) ʢʘʪʘʣʠʟʠʨʫʝʪ ʢʦʥʚʝʨʩʠʶ (ʭʣʦʨ)ɻʆʌɼʂ ʜʦ (ʭʣʦʨ)ʙʝʥʟʦʡʥʦʡ ʠ 

ʧʝʥʪʘʜʠʝʥʦʚʦʡ ʢʠʩʣʦʪ, ʦʩʫʱʝʩʪʚʣʷʷ ʨʘʟʨʳʚ ʉ-ʉ-ʩʚʷʟʠ ʤʝʞʜʫ 6 ʠ 7 

ʫʛʣʝʨʦʜʥʳʤʠ ʘʪʦʤʘʤʠ ʚ ʤʦʣʝʢʫʣʝ (ʨʠʩʫʥʦʢ 3). ɻʆʌɼʂ-ʛʠʜʨʦʣʘʟʘ ʚʭʦʜʠʪ ʚ 

ʥʘʜʩʝʤʝʡʩʪʚʦ Ŭ/ɓ-ʛʠʜʨʦʣʘʟ (Bhowmik et al., 2007; Dong et al., 2017, Agull· et 

al., 2019). BphDLB400 ʧʦ ʯʝʪʚʝʨʪʠʯʥʦʡ ʩʪʨʫʢʪʫʨʝ ʷʚʣʷʝʪʩʷ ʛʦʤʦʪʝʪʨʘʤʝʨʦʤ 

(ʤʦʣʝʢʫʣʷʨʥʘʷ ʤʘʩʩʘ 122 ʢɼʘ), ʩʦʩʪʦʷʱʘʷ ʠʟ ʩʫʙʲʝʜʠʥʠʮ, ʦʙʨʘʟʦʚʘʥʥʳʭ 

286 ʘʤʠʥʦʢʠʩʣʦʪʥʳʤʠ ʦʩʪʘʪʢʘʤʠ ʢʘʞʜʘʷ (Seah et al., 1998). BphDRHA1 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʛʦʤʦʦʢʪʘʤʝʨ (ʤʦʣʝʢʫʣʷʨʥʘʷ ʤʘʩʩʘ 250 ʢɼʘ), ʢʘʞʜʘʷ 

ʩʫʙʲʝʜʠʥʠʮʘ ʢʦʪʦʨʦʛʦ ʩʦʩʪʦʠʪ ʠʟ 285 ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ ʦʩʪʘʪʢʦʚ. ʄʦʣʝʢʫʣʘ 

(ʭʣʦʨ)ɻʆʌɼʂ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʚ ʘʢʪʠʚʥʦʤ ʮʝʥʪʨʝ BphD ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦ 

ʬʝʥʠʣʴʥʘʷ ʯʘʩʪʴ ʤʦʣʝʢʫʣʳ ʥʘʭʦʜʠʪʩʷ ʚ ʛʠʜʨʦʬʦʙʥʦʤ ʫʯʘʩʪʢʝ, ʘ ʜʠʝʥʦʘʪʥʘʷ ï 
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ʚ ʛʠʜʨʦʬʠʣʴʥʦʤ. ʇʦʩʣʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʘʮʠʣ-ʬʝʨʤʝʥʪʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 

ʩ ʤʦʣʝʢʫʣʦʡ ʚʦʜʳ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʨʘʟʨʳʚ ɻʆʌɼʂ, ʘ ʦʙʨʘʟʦʚʘʚʰʠʝʩʷ 

(ʭʣʦʨ)ʙʝʥʟʦʡʥʘʷ ʠ ʧʝʥʪʘʜʠʝʥʦʚʘʷ ʢʠʩʣʦʪʳ ʜʠʩʩʦʮʠʠʨʫʶʪ (Nandhagopal et al., 

2001). ɸʥʘʣʠʟ ʩʭʦʜʩʪʚʘ ɻʆʌɼʂ-ʛʠʜʨʦʣʘʟ ʰʪʘʤʤʦʚ-ʜʝʩʪʨʫʢʪʦʨʦʚ ʇʍɹ 

ʚʳʷʚʠʣ ʚʳʩʦʢʫʶ ʩʪʝʧʝʥʴ ʨʘʟʣʠʯʠʷ. ʊʘʢ, ʘʤʠʥʦʢʠʩʣʦʪʥʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ 

BphDRHA1 ʪʦʣʴʢʦ ʥʘ 30% ʩʦʦʪʚʝʪʩʪʚʫʝʪ BphDLB400 ʠ BphDʈ6, ʢʦʪʦʨʳʝ ʚ ʩʚʦʶ 

ʦʯʝʨʝʜʴ ʩʭʦʜʥʳ ʤʝʞʜʫ ʩʦʙʦʡ ʣʠʰʴ ʥʘ 42% (Seah et al., 2001). 

ɺ ʨʷʜʝ ʩʣʫʯʘʝʚ ʧʨʠ ʨʘʟʣʦʞʝʥʠʠ ʇʍɹ ʥʘʙʣʶʜʘʝʪʩʷ ʥʘʢʦʧʣʝʥʠʝ 

ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʧʨʦʜʫʢʪʘ, ʧʨʠʜʘʶʱʝʛʦ ʩʨʝʜʝ ʞʝʣʪʦʝ ʦʢʨʘʰʠʚʘʥʠʝ. ɼʘʥʥʳʤ 

ʧʨʦʜʫʢʪʦʤ ʷʚʣʷʶʪʩʷ ʭʣʦʨʠʨʦʚʘʥʥʳʝ ɻʆʌɼʂ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʩʧʦʣʦʞʝʥʠʷ ʭʣʦʨʘ ʚ ʤʦʣʝʢʫʣʝ, ʫ ʨʘʟʣʠʯʥʳʭ ɻʆʌɼʂ 

ʙʫʜʝʪ ʦʪʣʠʯʘʪʴʩʷ ʜʣʠʥʘ ʚʦʣʥʳ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʩʚʝʪʦʧʦʛʣʦɦ ʝʥʠʷ, ʯʪʦ ʘʢʪʠʚʥʦ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʠ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ (ʪʘʙʣʠʮʘ 1). 

 

ʊʘʙʣʠʮʘ 1 ï ɸʥʘʣʠʪʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʭʣʦʨʠʨʦʚʘʥʥʳʭ ɻʆʌɼʂ 

ɻʆʌɼʂ ɼʣʠʥʘ 

ʚʦʣʥʳ 

(ɚʤʘʢʩ), ʥʤ 

ʂʦʵʬʬʠʮʠʝʥʪ 

ʵʢʩʪʠʥʢʮʠʠ, 

ʤʄ-1 ʩʤ-1  

ɻʆʌɼʂ ɼʣʠʥʘ 

ʚʦʣʥʳ 

(ɚʤʘʢʩ), ʥʤ 

ʂʦʵʬʬʠʮʠʝʥʪ 

ʵʢʩʪʠʥʢʮʠʠ, 

ʤʄ-1 ʩʤ-1  

ɹʝʟ Cl- 433* / 434** 11.3*/25.7** 10Cl- ï /438 ï /26.3 

3-Cl- 392 / 432 17.3 / 40.6 9,11 ï ʜʠCl- 438 / ï 19.6 / ï 

4-Cl- 410 / 409.5 20.0 / 26.8 4,9 ï ʜʠCl- 414 / ï 20.9 / ï 

5Cl- ï / 402 ï /40.1 8,12 ï ʜʠCl- 392 /ï 36.5 / ï 

8Cl- 382 / 393 28.1 / 40.3 3,9,11 ï ʪʨʠCl- 438 / ï 24.2 / ï 

9Cl- 436 / 436 17.5 / 28.2    

* ʟʥʘʯʝʥʠʷ ʧʨʠʚʝʜʝʥʳ ʧʦ Fortin et al., 2005, * *  ʟʥʘʯʝʥʠʷ ʧʨʠʚʝʜʝʥʳ ʧʦ 

Seah et al., 2000 

 

ʅʘʢʦʧʣʝʥʠʝ (ʭʣʦʨ)ɻʆʌɼʂ ʧʨʦʠʩʭʦʜʠʪ ʠʟ-ʟʘ ʨʘʟʣʠʯʠʡ ʚ ʘʢʪʠʚʥʦʩʪʠ 

ɻʆʌɼʂ-ʛʠʜʨʦʣʘʟʳ. ʇʦʢʘʟʘʥʦ, ʯʪʦ BphDLB400 ʠ BphDʈ6 ʘʢʪʠʚʥʦ ʨʘʟʣʘʛʘʶʪ 

ɻʆʌɼʂ, ʥʝʩʫʱʠʭ ʘʪʦʤʳ ʭʣʦʨʘ ʚ ʬʝʥʦʣʴʥʦʡ ʯʘʩʪʠ ʤʦʣʝʢʫʣʳ (ʟʘʤʝʧʩʪʠʪʝʣʠ 

ʫ 8, 9, 10 ʫʛʣʝʨʦʜʥʳʭ ʘʪʦʤʦʚ), ʥʦ ʧʨʦʷʚʣʷʶʪ ʥʠʟʢʫʶ ʛʠʜʨʦʣʘʟʥʫʶ ʘʢʪʠʚʥʦʩʪʴ 
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ʢ ɻʆʌɼʂ, ʭʣʦʨʠʨʦʚʘʥʥʳʤ ʚ ʜʠʝʥʦʘʪʥʦʡ ʯʘʩʪʠ ʤʦʣʝʢʫʣʳ (ʧʦʣʦʞʝʥʠʷ ʭʣʦʨʘ 

ʫ 3, 4 ʠ 5 ʫʛʣʝʨʦʜʥʳʭ ʘʪʦʤʦʚ). ʆʜʥʘʢʦ ʠʤʝʶʪʩʷ ʨʘʟʣʠʯʠʷ ʚ ʘʢʪʠʚʥʦʩʪʠ 

ʜʘʥʥʳʭ ʬʝʨʤʝʥʪʦʚ ʢ ʦʪʜʝʣʴʥʳʤ ʠʟʦʤʝʨʘʤ ɻʆʌɼʂ: 

1) BphDʈ6 ʛʠʜʨʦʣʠʟʫʝʪ 9-Cl- ʠ 10-Cl-ɻʆʌɼʂ ʚ ʜʚʘ ʨʘʟʘ ʙʳʩʪʨʝʝ, 

ʯʝʤ BphDLB400;  

2) BphDLB400 ʦʩʫʱʝʩʪʚʣʷʝʪ ʜʝʩʪʨʫʢʮʠʶ 5-Cl-ʠ 8-Cl-ɻʆʌɼʂ ʚ ʧʷʪʴ ʨʘʟ 

ʘʢʪʠʚʥʝʝ, ʯʝʤ BphDʈ6; 

3) ʜʣʷ BphDʈ6 4-Cl ɻʆʌɼʂ ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ ʩʠʣʴʥʳʤ ʠʥʛʠʙʠʪʦʨʦʤ, 

ʯʝʤ 3-Cl ɻʆʌɼʂ, ʪʦʛʜʘ ʢʘʢ ʜʣʷ BphDLB400 ʥʘʙʣʶʜʘʝʪʩʷ ʦʙʨʘʪʥʘʷ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ;  

4) ʧʨʠ ʠʥʢʫʙʘʮʠʠ ʰʪʘʤʤʘ LB400 ʩ 4,4ô-ʜʠʍɹ ʠʣʠ 2,4,4ô-ʪʨʠʍɹ 

ʦʙʨʘʟʫʝʪʩʷ 3,10-ʜʠCl ɻʆʌɼʂ, ʪʦʛʜʘ ʢʘʢ ʰʪʘʤʤ P6 ʪʨʘʥʩʬʦʨʤʠʨʫʝʪ ʜʘʥʥʳʝ 

ʠʟʦʤʝʨʳ ʇʍɹ ʜʦ 3,10-ʜʠCl ʠ 3,8,10-ʪʨʠCl ɻʆʌɼʂ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  

ʀʥʪʝʨʝʩʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ BphDʈ6 ʥʝ ʛʠʜʨʦʣʠʟʫʝʪ 3-Cl- ʠ 4-Cl-ɻʆʌɼʂ, 

ʦʜʥʘʢʦ, ʢʦʥʝʯʥʳʤ ʧʨʦʜʫʢʪʦʤ ʪʨʘʥʩʬʦʨʤʘʮʠʠ 3,10-ʜʠCl ʠ 4,9-ʜʠCl ɻʆʌɼʂ 

ʷʚʣʷʶʪʩʷ 3- ʠ 4-ʭʣʦʨʙʝʥʟʦʡʥʳʝ ʢʠʩʣʦʪʳ. ɺʳʩʢʘʟʘʥʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ 

ʚ ʰʪʘʤʤʝ R. globerulus P6 ʧʨʠʩʫʪʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʠʟʦʬʫʥʢʮʠʦʥʘʣʴʥʳʭ 

ɻʆʌɼʂ ʛʠʜʨʦʣʘʟ, ʘ ʪʘʢʞʝ ʜʦʧʫʩʢʘʝʪʩʷ, ʯʪʦ ʧʨʠʩʫʪʩʪʚʠʝ ʟʘʤʝʩʪʠʪʝʣʝʡ ʚ 9 ʠ 

10 ʧʦʣʦʞʝʥʠʠ ʚ ʜʠʭʣʦʨʠʨʦʚʘʥʥʳʭ ɻʆʌɼʂ ʫʚʝʣʠʯʠʚʘʝʪ ʘʬʠʥʥʦʩʪʴ ʬʝʨʤʝʥʪʘ 

ʢ ʜʘʥʥʳʤ ʠʟʦʤʝʨʘʤ (Seah et al., 2000, 2001). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ɻʆʌɼʂ-ʛʠʜʨʦʣʘʟʘ ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ ʢʣʶʯʝʚʳʤ 

ʬʝʨʤʝʥʪʦʤ çʚʝʨʭʥʝʛʦè ʧʫʪʠ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʇʍɹ ʜʦ ʤʝʥʝʝ ʪʦʢʩʠʯʥʳʭ 

ʧʨʦʜʫʢʪʦʚ. 

 

ʄʦʥʦʦʢʩʠʛʝʥʘʟʳ 

ɺ ʧʦʩʣʝʜʥʝʝ ʜʝʩʷʪʠʣʝʪʠʝ ʧʦʷʚʠʣʠʩʴ ʩʦʦʙʱʝʥʠʷ, ʯʪʦ ʚ ʦʢʠʩʣʝʥʠʠ 

ʧʦʣʠʭʣʦʨʠʨʦʚʘʥʥʳʭ ʙʠʬʝʥʠʣʦʚ ʠ ʠʭ ʤʝʪʘʙʦʣʠʪʦʚ ʫ ʙʘʢʪʝʨʠʡ ʤʦʛʫʪ 

ʫʯʘʩʪʚʦʚʘʪʴ ʮʠʪʦʭʨʦʤ ʈ450 ʤʦʥʦʦʢʩʠʛʝʥʘʟʳ (ʂʌ 1.14.14.1) (Luo et al., 2016; 

Sun et al., 2018; Goto et al., 2018). ɺ ʨʝʟʫʣʴʪʘʪʝ ʜʝʡʩʪʚʠʷ ʤʦʥʦʦʢʩʠʛʝʥʘʟ 

ʦʙʨʘʟʫʶʪʩʷ ʤʦʥʦʛʠʜʨʦʢʩʠʣʠʨʦʚʘʥʥʳʝ ʧʨʦʠʟʚʦʜʥʳʝ ʇʍɹ (ʨʠʩʫʥʦʢ 6). 
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ʈʠʩʫʥʦʢ 6 ï ʆʢʠʩʣʝʥʠʝ ʇʍɹ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʤʦʥʦʦʢʩʠʛʝʥʘʟ ʫ 

ʙʘʢʪʝʨʠʡ (Goto et al., 2018; Sun et al., 2018) 

 

ɺ ʨʘʙʦʪʝ (Luo et al., 2016) ʦʧʠʩʘʥʘ ʮʠʪʦʭʨʦʤ ʈ450 ʤʦʥʦʦʢʩʠʛʝʥʘʟʘ 

ʰʪʘʤʤʘ Rhodococcus sp. P14, ʧʨʦʷʚʣʷʶʱʘʷ ʘʢʪʠʚʥʦʩʪʴ ʢ ʰʠʨʦʢʦʤʫ ʩʧʝʢʪʨʫ 

ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʜʘʥʥʳʡ ʬʝʨʤʝʥʪ ʦʩʫʱʝʩʪʚʣʷʝʪ 

ʦʢʠʩʣʝʥʠʝ ʥʝʟʘʤʝʱʝʥʥʦʛʦ ʙʠʬʝʥʠʣʘ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 

ʤʦʥʦʛʠʜʨʦʢʩʠʣʠʨʦʚʘʥʥʦʛʦ ʙʠʬʝʥʠʣʘ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʰʪʘʤʤ Bacillus subtilis 

NCIB-3610 ʦʩʫʱʝʩʪʚʣʷʝʪ ʦʢʠʩʣʝʥʠʝ ʪʝʪʨʘʭʣʦʨʠʨʦʚʘʥʥʦʛʦ ʙʠʬʝʥʠʣʘ 

(ʇʍɹ 61), ʥʝʩʫʱʝʛʦ ʟʘʤʝʩʪʠʪʝʣʝʡ ʚ ʦʜʥʦʤ ʢʦʣʴʮʝ ʤʦʣʝʢʫʣʳ ʥʝ ʧʦ 

ʢʣʘʩʩʠʯʝʩʢʦʤʫ çʚʝʨʭʥʝʤʫè ʧʫʪʠ, ʘ ʧʨʠ ʫʯʘʩʪʠʠ ʮʠʪʦʭʨʦʤ ʈ450 

ʤʦʥʦʦʢʩʠʛʝʥʘʟʳ, ʢʦʜʠʨʫʝʤʦʡ ʛʝʥʘʤʠ bioI ʠ cypA (Sun et al., 2018). 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʤʦʥʦʦʢʩʠʛʝʥʠʨʦʚʘʥʠʷ ʦʙʨʘʟʫʝʪ 4-ʛʠʜʨʦʢʩʠ-2ô,3ô,4ô,5ô-

ʪʝʪʨʘʭʣʦʨʙʠʬʝʥʠʣ (ʨʠʩʫʥʦʢ 6). ʎʠʪʦʭʨʦʤ ʈ450 ʤʦʥʦʦʢʩʠʛʝʥʘʟʘ, ʚʳʜʝʣʝʥʥʘʷ 

ʠʟ ʧʦʯʚʝʥʥʦʛʦ ʰʪʘʤʤʘ Bacillus megaterium ɺʄ3, ʦʩʫʱʝʩʪʚʣʷʝʪ ʦʢʠʩʣʝʥʠʝ 

ʇʍɹ 118 (ʨʘʩʧʦʣʦʞʝʥʠʝ ʟʘʤʝʩʪʠʪʝʣʝʡ ʚ ʦʙʦʠʭ ʢʦʣʴʮʘʭ ʚ ʩʦʦʪʥʦʰʝʥʠʠ {3+2}) 

(ʨʠʩʫʥʦʢ 6). ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʜʪʚʝʨʞʜʝʥʦ, ʯʪʦ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʤʦʥʦʦʢʩʠʛʝʥʠʨʦʚʘʥʠʷ 3,4,2ô,4ô,5ô-ʧʝʥʪʘʭʣʦʨʙʠʬʝʥʠʣʘ (ʇʍɹ 118) ʧʨʦʠʩʭʦʜʠʪ 

ʦʙʨʘʟʦʚʘʥʠʝ 4-ʛʠʜʨʦʢʩʠ-3,5,2ô,4ô,5ô-ʧʝʥʪʘʭʣʦʨʙʠʬʝʥʠʣʘ (Goto et al., 2018). 

ʊʘʢʞʝ ʚ ʨʘʙʦʪʝ ʧʨʝʜʧʦʣʦʞʝʥʦ, ʯʪʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʜʝʡʩʪʚʠʷ ʈ450ɺʄ3 ʤʦʛʫʪ 

ʬʦʨʤʠʨʦʚʘʪʴʩʷ ʤʦʥʦʛʠʜʨʦʢʩʠ-ʧʝʥʪʘʭʣʦʨʙʠʬʝʥʠʣʳ ʩ ʨʘʩʧʦʣʦʞʝʥʠʝʤ 
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ʛʠʜʨʦʢʩʠʣʴʥʦʡ ʛʨʫʧʧʳ ʧʦ 3-ʤʫ ʠʣʠ 6-ʤʫ ʘʪʦʤʘʤ ʫʛʣʝʨʦʜʘ ʙʦʣʝʝ ʟʘʤʝʱʝʥʥʦʛʦ 

ʢʦʣʴʮʘ ʇʍɹ 118. ʆʜʥʘʢʦ ʦʩʪʘʝʪʩʷ ʥʝʷʩʥʳʤ ʜʘʣʴʥʝʡʰʠʡ ʤʝʪʘʙʦʣʠʯʝʩʢʠʡ ʧʫʪʴ 

ʤʦʥʦʛʠʜʨʦʢʩʠʧʨʦʠʟʚʦʜʥʳʭ, ʢʦʪʦʨʳʝ ʦʙʨʘʟʫʶʪʩʷ ʧʨʠ ʤʦʥʦʦʢʩʠʛʝʥʘʟʥʦʡ 

ʘʪʘʢʝ ʢʦʥʛʝʥʝʨʦʚ ʇʍɹ. 

 

1.3.3. ʄʝʪʘʙʦʣʠʯʝʩʢʠʝ ʧʫʪʠ ʨʘʟʣʦʞʝʥʠʷ ʦʩʥʦʚʥʳʭ ʧʨʦʜʫʢʪʦʚ 

ʙʘʢʪʝʨʠʘʣʴʥʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʙʠʬʝʥʠʣʘ/ʇʍɹ 

ʆʩʥʦʚʥʳʤʠ ʤʝʪʘʙʦʣʠʪʘʤʠ ʙʘʢʪʝʨʠʘʣʴʥʦʡ ʘʵʨʦʙʥʦʡ ʜʝʩʪʨʫʢʮʠʠ ʇʍɹ 

ʷʚʣʷʶʪʩʷ ʙʝʥʟʦʡʥʘʷ ʠ ʭʣʦʨʙʝʥʟʦʡʥʳʝ ʢʠʩʣʦʪʳ. ɹʠʦʭʠʤʠʯʝʩʢʘʷ 

ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʜʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʦʙʫʩʣʦʚʣʝʥʘ ʜʝʡʩʪʚʠʝʤ ʬʝʨʤʝʥʪʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ, ʥʝ ʩʚʷʟʘʥʥʳʭ ʩ ʬʝʨʤʝʥʪʘʤʠ ʦʢʠʩʣʝʥʠʷ ʙʠʬʝʥʠʣʘ/ʇʍɹ. 

ɹʦʣʴʰʠʥʩʪʚʦ ʰʪʘʤʤʦʚ, ʧʨʦʷʚʣʷʶʱʠʭ ʘʢʪʠʚʥʦʩʪʴ ʢ ʇʍɹ, ʥʝ ʩʧʦʩʦʙʥʳ 

ʨʘʟʣʘʛʘʪʴ ʙʝʥʟʦʡʥʫʶ ʠ ʭʣʦʨʙʝʥʟʦʡʥʳʝ ʢʠʩʣʦʪʳ. 

ʆʩʦʙʝʥʥʦʩʪʠ ʨʘʟʣʦʞʝʥʠʷ ʙʝʥʟʦʡʥʦʡ ʢʠʩʣʦʪʳ ʘʵʨʦʙʥʳʤʠ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʘʤʠ ʧʦʜʨʦʙʥʦ ʠʩʩʣʝʜʦʚʘʥʳ (Field, Sierra-Alvarez, 2008). 

ʆʩʥʦʚʥʳʤ ʬʝʨʤʝʥʪʦʤ ʜʝʩʪʨʫʢʮʠʠ ʷʚʣʷʝʪʩʷ ʙʝʥʟʦʘʪ ʜʠʦʢʩʠʛʝʥʘʟʘ, 

ʧʨʠʥʘʜʣʝʞʘʱʘʷ ʩʝʤʝʡʩʪʚʫ ʙʝʥʟʦʘʪ ʜʠʦʢʩʠʛʝʥʘʟ. ʌʝʨʤʝʥʪʳ ʜʘʥʥʦʛʦ 

ʩʝʤʝʡʩʪʚʘ ʷʚʣʷʶʪʩʷ ʜʚʫʭʢʦʤʧʦʥʝʥʪʥʳʤʠ ʠ ʩʦʩʪʦʷʪ ʠʟ ʨʝʜʫʢʪʘʟʳ ʠ 

ʪʝʨʤʠʥʘʣʴʥʦʡ ʜʠʦʢʩʠʛʝʥʘʟʳ. ʂʘʪʘʣʠʪʠʯʝʩʢʠʡ ʮʝʥʪʨ ʬʝʨʤʝʥʪʘ ʨʘʩʧʦʣʘʛʘʝʪʩʷ 

ʥʘ Ŭ-ʩʫʙʲʝʜʠʥʠʮʝ ʪʝʨʤʠʥʘʣʴʥʦʡ ʜʠʦʢʩʠʛʝʥʘʟʳ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʜʠʦʢʩʠʛʝʥʠʨʦʚʘʥʠʷ ʤʦʣʝʢʫʣʳ ʙʝʥʟʦʘʪʘ ʦʙʨʘʟʫʝʪʩʷ ʢʘʪʝʭʦʣ. ʊʠʧʠʯʥʳʝ 

ʙʝʥʟʦʘʪ ʜʠʦʢʩʠʛʝʥʘʟʳ ʦʧʠʩʘʥʳ ʥʘ ʧʨʠʤʝʨʝ ʰʪʘʤʤʦʚ Acinetobacter sp. 

ADP1197, P. putida mt-2132 ʠ Rhodococcus sp. 19070 (Field, Sierra-Alvarez, 

2008). ʊʘʢʞʝ ʦʧʠʩʘʥʳ ʛʝʥʳ, ʢʦʜʠʨʫʶʱʠʝ ʜʘʥʥʳʡ ʬʝʨʤʝʥʪ, ʫ ʰʪʘʤʤʘ-

ʜʝʩʪʨʫʢʪʦʨʘ ʇʍɹ R. jostii RHA1 (Kitagawa et al., 2001). 

ɸʥʘʣʠʟ ʤʝʪʘʙʦʣʠʯʝʩʢʠʭ ʧʫʪʝʡ ʭʣʦʨʙʝʥʟʦʡʥʳʭ ʢʠʩʣʦʪ ʫ ʚʳʜʝʣʝʥʥʳʭ ʠ 

ʦʧʠʩʘʥʥʳʭ ʘʵʨʦʙʥʳʭ ʰʪʘʤʤʦʚ-ʜʝʩʪʨʫʢʪʦʨʦʚ ʧʦʢʘʟʘʣ, ʯʪʦ ʟʘ ʥʘʯʘʣʴʥʳʝ ʧʫʪʠ 

ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʦʪʚʝʯʘʶʪ ʨʘʟʣʠʯʥʳʝ ʬʝʨʤʝʥʪʥʳʝ ʩʠʩʪʝʤʳ. ʂʣʶʯʝʚʦʡ 

ʨʝʘʢʮʠʝʡ ʨʘʟʣʦʞʝʥʠʷ ʍɹʂ ʷʚʣʷʝʪʩʷ ʨʝʘʢʮʠʷ ʦʪʱʝʧʣʝʥʠʷ ʭʣʦʨʘ ʦʪ ʤʦʣʝʢʫʣʳ, 
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ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʧʦʚʳʰʝʥʠʶ ʙʠʦʜʦʩʪʫʧʥʦʩʪʠ. ɼʝʛʘʣʦʛʝʥʠʨʦʚʘʥʠʝ ʤʦʞʝʪ 

ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʢʘʢ ʜʦ ʨʘʩʱʝʧʣʝʥʠʷ ʘʨʦʤʘʪʠʯʝʩʢʦʛʦ ʢʦʣʴʮʘ, ʪʘʢ ʠ ʧʦʩʣʝ. 

ʆʧʠʩʘʥʳ ʪʨʠ ʤʝʭʘʥʠʟʤʘ ʜʝʛʘʣʦʛʝʥʠʨʦʚʘʥʠʷ ʍɹʂ ʥʘ ʧʝʨʚʦʡ ʩʪʘʜʠʠ 

ʤʝʪʘʙʦʣʠʟʤʘ (ʨʠʩʫʥʦʢ 7): 

1) ʧʨʠ ʨʝʘʢʮʠʠ ʛʠʜʨʦʣʠʪʠʯʝʩʢʦʛʦ ʜʝʛʘʣʦʛʝʥʠʨʦʚʘʥʠʷ ʧʦʜ ʜʝʡʩʪʚʠʝʤ 

ʛʠʜʨʦʣʘʟ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʟʘʤʝʥʘ ʘʪʦʤʘ ʭʣʦʨʘ ʥʘ ʛʠʜʨʦʢʩʠʣʴʥʫʶ ʛʨʫʧʧʫ. 

ʊʘʢʦʡ ʤʝʭʘʥʠʟʤ ʦʧʠʩʘʥ ʜʣʷ ʘʵʨʦʙʥʦʛʦ ʙʘʢʪʝʨʠʘʣʴʥʦʛʦ ʨʘʟʣʦʞʝʥʠʷ ʚʩʝʭ 

ʤʦʥʦʭʣʦʨʠʨʦʚʘʥʥʳʭ ʙʝʥʟʦʡʥʳʭ ʢʠʩʣʦʪ ʰʪʘʤʤʘʤʠ ʨʦʜʦʚ Acinetobacter, 

Arthrobacter, Hydrogenophaga, Pseudomonas (ɿʘʡʮʝʚ, ʂʘʨʘʩʝʚʠʯ, 1981; Keil et 

al., 1981; Muller et al., 1984, 1988; Loffler, Muller, 1991; Loffler et al., 1991; 

Copley, Crooks, 1992; Chang et al., 1997; Kobayashi et al., 1997; Benning et al., 

1998; Xu et al., 2017); 

2) ʨʝʘʢʮʠʠ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʜʝʛʘʣʦʛʝʥʠʨʦʚʘʥʠʷ ʦʙʫʩʣʦʚʣʝʥʳ 

ʚʥʝʜʨʝʥʠʝʤ ʛʠʜʨʦʢʩʠʣʴʥʦʡ ʛʨʫʧʧʳ ʧʦ ʫʛʣʝʨʦʜʥʦʤʫ ʘʪʦʤʫ, ʟʘʤʝʱʝʥʥʦʤʫ 

ʘʪʦʤʦʤ ʭʣʦʨʘ, ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʜʠʦʢʩʠʛʝʥʘʟ. ʅʘʠʙʦʣʝʝ ʧʦʜʨʦʙʥʦ 

ʦʢʠʩʣʠʪʝʣʴʥʦʝ ʜʝʛʘʣʦʛʝʥʠʨʦʚʘʥʠʝ ʦʧʠʩʘʥʦ ʥʘ ʧʨʠʤʝʨʝ ʰʪʘʤʤʦʚ ʨʦʜʘ 

Pseudomonas, ʨʘʟʣʘʛʘʶʱʠʭ 2-ʭʣʦʨʙʝʥʟʦʡʥʫʶ ʢʠʩʣʦʪʫ (ʈʦʤʘʥʦʚ ʠ ʜʨ., 1993; 

Fetzner, Lingens, 1994; Romanov, Hausinger, 1994; Fetzner, 1998; Xu et al., 

2017); 

3) ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʝ ʜʝʛʘʣʦʛʝʥʠʨʦʚʘʥʠʝ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʘʥʘʵʨʦʙʥʳʭ 

ʙʘʢʪʝʨʠʡ ʠ ʚʧʝʨʚʳʝ ʦʧʠʩʘʥʦ ʥʘ ʧʨʠʤʝʨʝ ʤʝʪʘʥʦʛʝʥʥʦʛʦ ʢʦʥʩʦʨʮʠʫʤʘ, 

ʦʩʫʱʝʩʪʚʣʷʚʰʝʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ 3-ʭʣʦʨʙʝʥʟʦʡʥʦʡ ʢʠʩʣʦʪʳ. 

ʆʜʥʘʢʦ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʰʪʘʤʤ Alcaligenes denitrificans NTB-1 ʦʩʫʱʝʩʪʚʣʷʝʪ 

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʝ ʜʝʛʘʣʦʛʝʥʠʨʦʚʘʥʠʝ 2,4-ʜʠʭʣʦʨʙʝʥʟʦʡʥʦʡ ʢʠʩʣʦʪʳ 

ʜʦ 4-ʭʣʦʨʙʝʟʦʡʥʦʡ, ʢʦʪʦʨʘʷ ʜʘʣʝʝ ʦʢʠʩʣʷʝʪʩʷ ʜʦ 4-ʛʠʜʨʦʢʩʠʙʝʥʟʦʡʥʦʡ 

ʢʠʩʣʦʪʳ (Mohn, Tiedje, 1992; Romanov, Hauisinger, 1996; Valleys et al., 1997; 

Fantroussi et al., 1997; Genthner et al., 1997; Haggblom, Young, 1999; Krasotkina 

et al., 2001). 
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ʈʠʩʫʥʦʢ 7 ï ʆʪʱʝʧʣʝʥʠʝ ʘʪʦʤʘ ʭʣʦʨʘ ʥʘ ʧʝʨʚʳʭ ʵʪʘʧʘʭ 

ʤʝʪʘʙʦʣʠʟʤʘ ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ (ɸ) ʠ ʛʠʜʨʦʣʠʪʠʯʝʩʢʦʛʦ (ɹ) 

ʜʝʛʘʣʦʛʝʥʠʨʦʚʘʥʠʷ (Xu et al., 2017) 

 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʛʠʜʨʦʣʠʪʠʯʝʩʢʦʛʦ ʠ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʜʝʛʘʣʦʛʝʥʠʨʦʚʘʥʠʷ 

ʭʣʦʨʙʝʥʟʦʡʥʳʝ ʢʠʩʣʦʪʳ ʪʨʘʥʩʬʦʨʤʠʨʫʶʪʩʷ ʜʦ ʩʪʘʜʠʠ ʦʙʨʘʟʦʚʘʥʠʷ ʢʘʪʝʭʦʣʘ, 

ʜʘʣʴʥʝʡʰʝʝ ʨʘʟʣʦʞʝʥʠʝ ʢʦʪʦʨʦʛʦ ʧʨʦʠʩʭʦʜʠʪ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʬʝʨʤʝʥʪʦʚ 

ʦʨʪʦ-ʧʫʪʠ ʜʦ ʩʦʝʜʠʥʝʥʠʡ ʮʠʢʣʘ ʂʨʝʙʩʘ. ʆʩʥʦʚʥʳʤʠ ʬʝʨʤʝʥʪʘʤʠ ʜʘʥʥʦʛʦ 

ʧʫʪʠ ʷʚʣʷʶʪʩʷ ʢʘʪʝʭʦʣ 1,2-ʜʠʦʢʩʠʛʝʥʘʟʘ ʠ ʤʫʢʦʥʘʪ ʮʠʢʣʦʠʟʦʤʝʨʘʟʘ ʠʣʠ 

ʢʘʪʝʭʦʣ 2,3-ʜʠʦʢʩʠʛʝʥʘʟʘ (ʨʠʩʫʥʦʢ 8) (ɼʫʛʘʥ, ɻʦʣʦʚʣʝʚʘ, 1985; Blanco et al., 

1995; Hall et al., 1999; Zaar et al., 2001; Gascher et al., 2002; van Duuren et al., 

2011; Xu et al., 2017). 

 

ʈʠʩʫʥʦʢ 8 ï ʄʝʪʘʙʦʣʠʯʝʩʢʠʡ ʧʫʪʴ ʨʘʟʣʦʞʝʥʠʷ ʙʝʥʟʦʡʥʦʡ ʠ 

2-ʭʣʦʨʙʝʥʟʦʡʥʦʡ ʢʠʩʣʦʪʳ ʯʝʨʝʟ ʩʪʘʜʠʶ ʦʙʨʘʟʦʚʘʥʠʷ ʢʘʪʝʭʦʣʘ (Francisco 

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

ɺ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʦʪʱʝʧʣʝʥʠʷ ʭʣʦʨʘ ʥʘ ʧʝʨʚʦʡ ʩʪʘʜʠʠ ʥʝ ʧʨʦʠʩʭʦʜʠʪ, 

ʧʝʨʚʳʤʠ ʤʝʪʘʙʦʣʠʪʘʤʠ ʍɹʂ ʫ ʘʵʨʦʙʥʳʭ ʙʘʢʪʝʨʠʡ ʷʚʣʷʶʪʩʷ ʭʣʦʨʢʘʪʝʭʦʣʳ 
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(ʨʠʩʫʥʦʢ 9). ʀʟʚʝʩʪʥʦ, ʯʪʦ ʫ ʰʪʘʤʤʦʚ ʨʦʜʦʚ Cupriavidus, Pseudomonas, 

Rhodococcus ʠ Stenotrophomonas ʦʢʠʩʣʝʥʠʝ ʤʦʣʝʢʫʣʳ ʭʣʦʨʙʝʥʟʦʡʥʳʭ ʢʠʩʣʦʪ 

ʤʦʞʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʙʝʥʟʦʘʪ 1,2-ʜʠʦʢʩʠʛʝʥʘʟʳ (Kitagawa et al., 

2001; Baggi et al., 2008; Xu et al., 2017). ɺ ʨʝʟʫʣʴʪʘʪʝ ʛʠʜʨʦʢʩʠʣʠʨʦʚʘʥʠʷ 

ʧʦ 1 ʠ 2 ʫʛʣʝʨʦʜʥʳʤ ʘʪʦʤʘʤ ʘʨʦʤʘʪʠʯʝʩʢʦʛʦ ʮʠʢʣʘ ʤʦʣʝʢʫʣʳ ʭʣʦʨʙʝʥʟʦʡʥʦʡ 

ʢʠʩʣʦʪʳ ʦʙʨʘʟʫʶʪʩʷ 3-ʭʣʦʨ- ʠʣʠ 4-ʭʣʦʨʢʘʪʝʭʦʣʳ. ɸʥʘʣʦʛʠʯʥʳʡ ʧʫʪʴ 

ʜʝʩʪʨʫʢʮʠʠ ʤʦʥʦʭʣʦʨʠʨʦʚʘʥʥʳʭ ʙʝʥʟʦʡʥʳʭ ʢʠʩʣʦʪ ʦʧʠʩʘʥ ʜʣʷ ʰʪʘʤʤʘ 

Burkholderia sp. NK8 (Francisco Jr et al., 2001). ʆʜʥʘʢʦ ʦʢʠʩʣʝʥʠʝ ʤʦʣʝʢʫʣʳ 

ʍɹʂ ʧʨʦʠʩʭʦʜʠʪ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʬʝʨʤʝʥʪʦʚ, ʢʦʜʠʨʫʝʤʳʭ ʛʝʥʘʤʠ cbeABCD.  

ʈʘʟʣʦʞʝʥʠʝ ʭʣʦʨʠʨʦʚʘʥʥʳʭ ʢʘʪʝʭʦʣʦʚ ʧʨʦʠʩʭʦʜʠʪ 

ʧʦ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʤʫ ʦʨʪʦ-ʧʫʪʠ (ʨʠʩʫʥʦʢ 9) (Reineke, 1988; Haggblum, 

1990; Briganti et al., 1998; Vollmer et al., 1999; Potrawfke et al., 2001; 

Kaschabek et al., 2002; Lemmli et al., 2002; Moiseeva et al., 2002; Solyanikova et 

al., 2003).  

 

 

ʈʠʩʫʥʦʢ 9 ï ʈʘʟʣʦʞʝʥʠʝ ʭʣʦʨʙʝʥʟʦʡʥʳʭ ʢʠʩʣʦʪ ʘʵʨʦʙʥʳʤʠ 

ʙʘʢʪʝʨʠʷʤʠ ʯʝʨʝʟ ʩʪʘʜʠʶ ʦʙʨʘʟʦʚʘʥʠʷ ʭʣʦʨʢʘʪʝʭʦʣʘ (Francisco Jr et al., 

2001; Xu et al., 2017; Kitagawa et al., 2001; Baggi et al., 2008) 
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ʆʜʥʘʢʦ ʦʧʠʩʘʥʳ ʰʪʘʤʤʳ ʨʦʜʘ Pseudomonas, ʫ ʢʦʪʦʨʳʭ ʦʙʥʘʨʫʞʝʥʘ 

ʘʢʪʠʚʥʦʩʪʴ ʬʝʨʤʝʥʪʦʚ ʦʨʪʦ- ʠ ʤʝʪʘ-ʧʫʪʠ ʧʨʠ ʪʨʘʥʩʬʦʨʤʘʮʠʠ 

3-ʭʣʦʨʙʝʥʟʦʡʥʦʡ ʢʠʩʣʦʪʳ (FranckMokross, Schmidt, 1998). ɺ ʧʨʦʮʝʩʩʝ 

ʨʘʟʣʦʞʝʥʠʷ ʭʣʦʨʢʘʪʝʭʦʣʦʚ ʧʨʦʠʩʭʦʜʠʪ ʠʭ ʦʢʠʩʣʝʥʠʝ ʧʦʜ ʜʝʡʩʪʚʠʝʤ 

ʭʣʦʨʢʘʪʝʭʦʣ ʜʠʦʢʩʠʛʝʥʘʟ ʜʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʭʣʦʨʟʘʤʝʱʝʥʥʳʭ ʮʠʩ,ʮʠʩ-

ʤʫʢʦʥʦʚʳʭ ʢʠʩʣʦʪ. ɼʘʣʴʥʝʡʰʘʷ ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʜʝʡʩʪʚʠʷ ʭʣʦʨʤʫʢʦʥʘʪ ʮʠʢʣʦʠʟʦʤʝʨʘʟʳ, 

ʭʣʦʨʤʫʢʦʥʦʣʘʢʪʦʥ ʜʝʛʘʣʦʛʝʥʘʟʳ, ʜʠʝʥʣʘʢʪʦʥ ʛʠʜʨʦʣʘʟʳ ʠ ʤʘʣʝʠʣʘʮʝʪʘʪ 

ʨʝʜʫʢʪʘʟʳ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʢʦʥʝʯʥʳʤ ʧʨʦʜʫʢʪʦʤ ʨʘʟʣʦʞʝʥʠʷ ʭʣʦʨʢʘʪʝʭʦʣʦʚ 

ʷʚʣʷʝʪʩʷ 3-ʦʢʩʦʘʜʠʧʠʥʦʚʘʷ ʢʠʩʣʦʪʘ, ʢʦʪʦʨʘʷ ʚʢʣʶʯʘʝʪʩʷ ʚ ʦʩʥʦʚʥʦʡ 

ʤʝʪʘʙʦʣʠʟʤ ʢʣʝʪʢʠ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʰʪʘʤʤʦʚ-ʜʝʩʪʨʫʢʪʦʨʦʚ, ʦʩʫʱʝʩʪʚʣʷʶʱʠʭ 

ʨʘʟʣʦʞʝʥʠʝ ʍɹʂ, ʭʘʨʘʢʪʝʨʝʥ ʢʦʤʧʣʝʢʩ ʬʝʨʤʝʥʪʥʳʭ ʩʠʩʪʝʤ, ʨʘʟʣʠʯʘʶʱʠʭʩʷ 

ʩʚʦʝʡ ʩʫʙʩʪʨʘʪʥʦʡ ʩʧʝʮʠʬʠʯʥʦʩʪʴʶ. 

 

1.3.4. ʆʨʛʘʥʠʟʘʮʠʷ ʛʝʥʝʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʜʝʩʪʨʫʢʮʠʠ ʇʍɹ ʫ 

ʘʵʨʦʙʥʳʭ ʙʘʢʪʝʨʠʡ 

ʈʘʟʚʠʪʠʝ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʘʥʘʣʠʟʘ ʛʝʥʝʪʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ ʙʘʢʪʝʨʠʡ 

ʥʘʨʷʜʫ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʢʣʘʩʩʠʯʝʩʢʠʭ ʤʦʣʝʢʫʣʷʨʥʳʭ ʤʝʪʦʜʦʚ ʧʦʟʚʦʣʠʣʦ 

ʧʦʣʫʯʠʪʴ ʦʙʰʠʨʥʳʝ ʜʘʥʥʳʝ ʧʦ ʦʨʛʘʥʠʟʘʮʠʠ ʛʝʥʦʤʦʚ ʚ ʮʝʣʦʤ ʠ ʦʪʜʝʣʴʥʳʭ 

ʦʧʝʨʦʥʦʚ ʫ ʰʪʘʤʤʦʚ-ʜʝʩʪʨʫʢʪʦʨʦʚ. ʈʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʤʝʪʦʜʦʚ ʚr ʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʛʦ ʩʝʢʚʝʥʠʨʦʚʘʥʠ ̫ (next generation 

sequencing, NGS), ʧʦʜʪʚʝʨʜʠʣʠ ʧʦʣʫʯʝʥʥʳʝ ʨʘʥʝʝ ʜʘʥʥʳʝ ʦ ʪʦʤ, ʯʪʦ ʦʧʝʨʦʥʳ 

ʛʝʥʦʚ, ʦʪʚʝʪʩʪʚʝʥʥʳʭ ʟʘ ʨʘʟʣʦʞʝʥʠʝ ʙʠʬʝʥʠʣʘ/ʇʍɹ ʠ (ʭʣʦʨ)ʙʝʥʟʦʡʥʳʭ 

ʢʠʩʣʦʪ ʤʦʛʫʪ ʨʘʩʧʦʣʘʛʘʪʴʩʷ ʢʘʢ ʥʘ ʭʨʦʤʦʩʦʤʝ, ʪʘʢ ʠ ʚ ʩʦʩʪʘʚʝ ʧʣʘʟʤʠʜ 

(Chaundhry, Chapalamadugu, 1991; Shuttleworth et al., 2000; Bhatt et al., 2021). 

ʆʩʥʦʚʥʦʡ ʯʝʨʪʦʡ ʧʣʘʟʤʠʜ ʙʠʦʜʝʛʨʘʜʘʮʠʠ (D-ʧʣʘʟʤʠʜʳ) ʷʚʣʷʝʪʩʷ ʠʭ ʙʦʣʴʰʘʷ 

ʤʦʣʝʢʫʣʷʨʥʘʷ ʤʘʩʩʘ (50ï110 ʪ.ʧ.ʥ.), ʧʨʠ ʵʪʦʤ ʦʥʠ ʤʦʛʫʪ ʙʳʪʴ ʢʘʢ ʢʦʣʴʮʝʚʦʡ, 

ʪʘʢ ʠ ʣʠʥʝʡʥʦʡ ʬʦʨʤʳ (Don, Pemberton, 1981; Vandeberg et al, 1981; Zaitsev et 
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al., 1991; Romine et al., 1999; Tan, 1999; Shimizu et al., 2001; Dennis, 2005; 

Nagata et al., 2010; Willetts, 2019).  

ɻʝʥʦʤʳ ʠʟʚʝʩʪʥʳʭ ʰʪʘʤʤʦʚ-ʜʝʩʪʨʫʢʪʦʨʦʚ ʇʍɹ 

ɸʥʘʣʠʟ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ ʠ ʠʥʬʦʨʤʘʮʠʠ, ʨʘʟʤʝʱʝʥʥʦʡ 

ʚ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʙʘʟʝ GenBank, ʧʦʟʚʦʣʠʣ ʚʳʷʚʠʪʴ ʰʪʘʤʤʳ-ʜʝʩʪʨʫʢʪʦʨʳ 

ʙʠʬʝʥʠʣʘ/ʇʍɹ, ʜʣʷ ʢʦʪʦʨʳʭ ʧʦʣʫʯʝʥʳ ʧʦʣʥʦʛʝʥʦʤʥʳʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ. 

ɻʝʥʦʤʳ ʜʚʫʭ ʥʘʠʙʦʣʝʝ ʠʟʫʯʝʥʥʳʭ ʜʝʩʪʨʫʢʪʦʨʦʚ ʇʍɹ R. jostii RHA1 ʠ 

B. xenovorans LB400 ʙʣʠʟʢʠ ʧʦ ʨʘʟʤʝʨʫ ʠ ʩʦʩʪʘʚʣʷʶʪ 9.72711 Mb ʠ 

9.71704 Mb, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʀʥʪʝʨʝʩʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʛʝʥʦʤ R. jostii RHA1 

ʧʨʝʜʩʪʘʚʣʝʥ ʭʨʦʤʦʩʦʤʦʡ (7.8 Mb, GenBank CP000431.1) ʠ ʪʨʝʤʷ ʣʠʥʝʡʥʳʤʠ 

ʧʣʘʟʤʠʜʘʤʠ: pRHL1 (1.12 Mb, GenBank CP000432.1), pRHL2 (0.44 Mb, 

GenBank CP000433.1), pRHL3 (0.33 Mb, GenBank CP000434.1) (McLeod et al., 

2006; Takeda et al., 2010). ɺ ʛʝʥʦʤʝ B. xenovorans LB400 ʦʧʠʩʘʥʳ ʭʨʦʤʦʩʦʤʘ I 

ï 4.9 Mb (GenBank CP000270.1), ʭʨʦʤʦʩʦʤʘ II  ï 3.36 Mb (GenBank 

CP000271.1) ʠ ʭʨʦʤʦʩʦʤʘ III  ï 1.47 Mb (GenBank CP000272.1) (Chain et al., 

2006; Daligault et al., 2014). ʈʘʟʤʝʨʳ ʛʝʥʦʤʦʚ ʜʨʫʛʠʭ ʰʪʘʤʤʦʚ-ʜʝʩʪʨʫʢʪʦʨʦʚ 

ʙʠʬʝʥʠʣʘ/ʇʍɹ ʥʘʭʦʜʷʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ 3.4ï7.5 Mb (Triscari-Barberi et al., 2012; 

Ohtsubo et al., 2012; Kong et al., 2013; Vil o et al., 2014; Shintani et al., 2014; 

Fukuda et al., 2014; Watanabe et al., 2015; Hirose et al., 2015, 2019; Shumkova et 

al., 2015; Suenaga et al., 2017; Kimura et al., 2018; Ridl et al., 2018; Vergani et 

al., 2019).  

ʇʦʤʠʤʦ R. jostii RHA1 ʧʣʘʟʤʠʜʳ ʦʧʠʩʘʥʳ ʚ ʛʝʥʦʤʘʭ ʰʪʘʤʤʦʚ 

Pseudomonas putida KF715, Pseudomonas furukawaii KF707, Geobacillus sp. 

JF8 ʠ Comamonas testosteroni YAZ2 (GenBank PRJDB11572, ʜʘʪʘ ʨʝʛʠʩʪʨʘʮʠʠ 

10.08.2021) (Triscari-Barberi et al., 2012, Shintani et al., 2014; Suenaga et al., 

2017, Kimura et al., 2018). ɼʣʷ ʰʪʘʤʤʦʚ P. furukawaii KF707, C. testosteroni 

YAZ2 ʠ Geobacillus sp. JF8 ʭʘʨʘʢʪʝʨʥʦ ʥʘʣʠʯʠʝ ʦʜʥʦʡ ʧʣʘʟʤʠʜʳ, ʨʘʟʤʝʨʦʤ 

60 ʪ.ʧ.ʥ. (GenBank AP014863.1), 87 ʪ.ʧ.ʥ (GenBank AP024827.1) ʠ 40 ʪ.ʧ.ʥ 

(GenBank CP006255.1), ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʅʘʠʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ D-ʧʣʘʟʤʠʜ 
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ʚ ʛʝʥʦʤʝ ʦʜʥʦʛʦ ʰʪʘʤʤʘ ʧʨʝʜʩʪʘʚʣʝʥʦ ʫ P. putida KF715 (Suenaga et al., 

2017): ʧʣʘʟʤʠʜʘ pKF715A (480 ʪ.ʧ.ʥ, GenBank AP015030.1), ʧʣʘʟʤʠʜʘ 

pKF715B (280 ʪ.ʧ.ʥ., GenBank AP015031.1), ʧʣʘʟʤʠʜʘ pKF715ʉ (90 ʪ.ʧ.ʥ., 

GenBank AP015032.1), ʧʣʘʟʤʠʜʘ pKF715D (30 ʪ.ʧ.ʥ., GenBank AP015033.1).  

ɻʝʥʦʤʳ ʰʪʘʤʤʦʚ Comamonas testosteroni TK102 (=Pseudomonas 

testosteroni TK102), Pseudomonas alcaliphila JAB1 ʠ Acidovorax sp. KKS102 

(=Pseudomonas sp. KKS102) ʧʨʝʜʩʪʘʚʣʝʥʳ ʭʨʦʤʦʩʦʤʦʡ ʠ ʥʝ ʩʦʜʝʨʞʘʪ 

ʧʣʘʟʤʠʜ (Ohtsubo et al., 2012; Fukuda et al., 2014; Ridl et al., 2018). 

ɺ GenBank ʥʘʭʦʜʷʪʩʷ ʜʘʥʥʳʝ ʦ ʧʦʣʥʦʛʝʥʦʤʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʭ 

ʰʪʘʤʤʦʚ Burkholderia sp. SK-3 (=Cupriavidus sp. SK-3), Cupriavidus sp. SK-4, 

Pseudomonas toyotomiensis KF710, Comamonas testosteroni KF712 

(=Pseudomonas testosteroni KF712), Rhodococcus ruber P25 ʠ Dyella 

ginsengisoli LA-4 ʚ ʚʠʜʝ ʢʦʤʧʣʝʢʩʘ ʢʦʥʪʠʛʦʚ (ʬʨʘʛʤʝʥʪʦʚ ʛʝʥʦʤʘ) (Kong et 

al., 2013; Vilo  et al., 2014; Shumkova et al., 2015; Watanabe et al., 2015; Hirose 

et al., 2015,2019). ʀʤʝʶʱʠʝʩʷ ʜʘʥʥʳʝ ʥʝ ʧʦʟʚʦʣʷʶʪ ʦʜʥʦʟʥʘʯʥʦ ʫʪʚʝʨʞʜʘʪʴ 

ʧʨʠʩʫʪʩʪʚʫʶʪ ʣʠ ʚ ʛʝʥʦʤʘʭ ʜʘʥʥʳʭ ʰʪʘʤʤʦʚ ʧʣʘʟʤʠʜʥʳʝ ʵʣʝʤʝʥʪʳ. 

ʆʨʛʘʥʠʟʘʮʠʷ bph-ʛʝʥʦʚ ʫ ʘʢʪʠʚʥʳʭ ʰʪʘʤʤʦʚ-ʜʝʩʪʨʫʢʪʦʨʦʚ ʇʍɹ 

bph-ɻʝʥʳ ʰʪʘʤʤʦʚ-ʜʝʩʪʨʫʢʪʦʨʦʚ ʙʠʬʝʥʠʣʘ/ʇʍɹ ʦʨʛʘʥʠʟʦʚʘʥʳ ʚ 

ʢʣʘʩʪʝʨʳ, ʢʦʪʦʨʳʝ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʢʘʢ ʥʘ ʭʨʦʤʦʩʦʤʝ, ʪʘʢ ʠ ʥʘ ʧʣʘʟʤʠʜʘʭ. 

ʇʦʨʷʜʦʢ ʨʘʩʧʦʣʦʞʝʥʠʷ ʛʝʥʦʚ ʦʪʣʠʯʘʝʪʩʷ ʫ ʨʘʟʥʳʭ ʰʪʘʤʤʦʚ (ʨʠʩʫʥʢʠ 10, 11). 

ɸʥʘʣʠʟ ʧʦʣʥʦʛʝʥʦʤʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʰʪʘʤʤʦʚ B. xenovorans 

LB400 ʠ P. furukawaii KF707, ʘ ʪʘʢʞʝ ʜʘʥʥʳʝ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʢʣʦʥʠʨʦʚʘʥʠʷ, ʧʦʢʘʟʘʣʠ, ʯʪʦ bph-ʛʝʥʳ ʫ ʜʘʥʥʳʭ ʰʪʘʤʤʦʚ ʨʘʩʧʦʣʦʞʝʥʳ ʥʘ 

ʭʨʦʤʦʩʦʤʝ ʚ ʠʜʝʥʪʠʯʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ: bphA1 (1.3 kb) - bphA2 (0.6 kb) 

- bphA3 (0.3 kb) - bphA4 (1.2 kb) - bphB (0.8 kb)  bphC (0.8 kb) ⱷ bphK 

(0.6 kb) ⱷ bphH (0.7 kb)  bphJ (0.9 kb)  bphI (1 kb)  bphD (0.8 kb) 

(ʨʠʩʫʥʦʢ 8). ɻʝʥʳ ʙʠʬʝʥʠʣ ʜʠʦʢʩʠʛʝʥʘʟʳ ʨʘʩʧʦʣʦʞʝʥʳ ʧʝʨʝʜ ʦʩʪʘʣʴʥʳʤʠ 

ʛʝʥʘʤʠ ʜʝʩʪʨʫʢʮʠʠ ʙʠʬʝʥʠʣʘ.  
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Burkholderia xenovorans LB400 (ʭʨʦʤʦʩʦʤʘ 3) 

 

Pseudomonas furukawaii KF707  

 

Acidovorax sp. KKS102 

 

ʈʠʩʫʥʦʢ 10 ï bph-ʆʧʝʨʦʥʳ ʘʢʪʠʚʥʳʭ ʰʪʘʤʤʦʚ-ʜʝʩʪʨʫʢʪʦʨʦʚ ʙʠʬʝʥʠʣʘ/ʇʍɹ, ʣʦʢʘʣʠʟʦʚʘʥʥʳʝ ʥʘ ʭʨʦʤʦʩʦʤʝ 

(https://www.ncbi.nlm.nih.gov)  
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Pseudomonas putida KF715, pKF715A 

Rhodococcus jostii RHA1, pRHL1 

Rhodococcus jostii RHA1, pRHL2 

 

ʈʠʩʫʥʦʢ 11 ï bph-ʆʧʝʨʦʥʳ ʘʢʪʠʚʥʳʭ ʰʪʘʤʤʦʚ-ʜʝʩʪʨʫʢʪʦʨʦʚ ʙʠʬʝʥʠʣʘ/ʇʍɹ, ʣʦʢʘʣʠʟʦʚʘʥʥʳʝ ʥʘ ʧʣʘʟʤʠʜʘʭ 

(https://www.ncbi.nlm.nih.gov) 
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ɻʝʥʳ, ʢʦʜʠʨʫʶʱʠʝ Ŭ ʠ ɓ ʩʫʙʲʝʜʠʥʠʮʳ ʪʝʨʤʠʥʘʣʴʥʦʡ ʜʠʦʢʩʠʛʝʥʘʟʳ (bʨhA1 ʠ 

bʨhA2), ʨʘʩʧʦʣʦʞʝʥʳ ʧʝʨʝʜ ʛʝʥʦʤ ʬʝʨʨʝʜʦʢʩʠʥʘ (bʨhA3), ʟʘ ʢʦʪʦʨʳʤ 

ʨʘʩʧʦʣʦʞʝʥ ʛʝʥ ʬʝʨʨʝʜʦʢʩʠʥ ʨʝʜʫʢʪʘʟʳ (bʨhA4). ʇʦʩʣʝ ʛʝʥʦʚ ʙʠʬʝʥʠʣ 

ʜʠʦʢʩʠʛʝʥʘʟʳ ʨʘʩʧʦʣʦʞʝʥʳ ʛʝʥʳ, ʢʦʜʠʨʫʶʱʠʝ ʙʠʬʝʥʠʣ-ʜʠʛʠʜʨʦʜʠʦʣ-

ʜʝʛʠʜʨʦʛʝʥʘʟʫ (bʨhɺ), ʠ 2,3-ʜʠʛʠʜʨʦʢʩʠʙʠʬʝʥʠʣ ʜʠʦʢʩʠʛʝʥʘʟʫ (bʨhʉ). 

ʆʩʦʙʝʥʥʦʩʪʴʶ ʩʪʨʦʝʥʠʷ bph-ʦʧʝʨʦʥʘ ʰʪʘʤʤʦʚ LB400 ʠ KF707 ʷʚʣʷʝʪʩʷ 

ʨʘʩʧʦʣʦʞʝʥʠʝ ʛʝʥʦʚ çʥʠʞʥʝʛʦè ʧʫʪʠ ʜʝʩʪʨʫʢʮʠʠ ʙʠʬʝʥʠʣʘ/ʇʍɹ (bphK ⱷ 

bphH  bphJ  bphI) ʤʝʞʜʫ ʛʝʥʘʤʠ bphC ʠ bphD, ʚʭʦʜʷʱʠʤʠ ʚ çʚʝʨʭʥʠʡè ʧʫʪʴ 

ʜʝʩʪʨʫʢʮʠʠ ʙʠʬʝʥʠʣʘ/ʇʍɹ (ʨʠʩʫʥʢʠ 2, 8). (Reineke, 1998; Watanabe et al., 

2000; Beltrametti et al., 2001). ɸʥʘʣʦʛʠʯʥʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ bʨh-ʛʝʥʦʚ ʦʧʠʩʘʥʦ 

ʜʣʷ ʰʪʘʤʤʘ Ralstonia eutropha H850 (Bedard et al., 1987; Nishi et al., 2000; 

Watanabe et al., 2002). 

ʅʘ ʭʨʦʤʦʩʦʤʝ ʰʪʘʤʤʘ Acidovorax sp. KKS102 ʨʘʩʧʦʣʘʛʘʝʪʩʷ bph-

ʦʧʝʨʦʥ, ʩʦʩʪʦʷʱʠʡ ʠʟ 12 ʛʝʥʦʚ, ʧʨʠ ʵʪʦʤ ʧʦʨʷʜʦʢ ʨʘʩʧʦʣʦʞʝʥʠʷ ʛʝʥʦʚ 

ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʦʧʠʩʘʥʥʦʛʦ ʜʣʷ ʰʪʘʤʤʦʚ B. xenovorans LB400 ʠ 

P. furukawaii KF707 (ʨʠʩʫʥʦʢ 10): bphE ï bphG ï bphF ī bphA1 ï bphA2 ī 

bphA3 ï bphB ï bphC ï bphD ī bphA4. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʛʝʥʳ, 

ʢʦʜʠʨʫʶʱʠʝ ʬʝʨʤʝʥʪʳ çʥʠʞʥʝʛʦ bph-ʧʫʪʠè: bphE - bphG ï bphF, 

ʨʘʩʧʦʣʦʞʝʥʳ ʧʝʨʝʜ ʛʝʥʘʤʠ, ʢʦʜʠʨʫʶʱʠʤʠ ʬʝʨʤʝʥʪʳ çʚʝʨʭʥʝʛʦè ʧʫʪʠ 

ʜʝʩʪʨʫʢʮʠʠ ʙʠʬʝʥʠʣʘ/ʇʍɹ. ʊʘʢʞʝ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʛʝʥ, ʢʦʜʠʨʫʶʱʠʡ 

ʬʝʨʨʝʜʦʢʩʠʥ ʨʝʜʫʢʪʘʟʫ (bphA4), ʨʘʩʧʦʣʦʞʝʥ ʚ ʢʦʥʮʝ ʢʣʘʩʪʝʨʘ ʠ ʦʪʜʝʣʝʥ ʦʪ 

ʛʝʥʦʚ, ʢʦʜʠʨʫʶʱʠʭ ʜʨʫʛʠʝ ʩʫʙʲʝʜʠʥʠʮʳ  bphA1A2A3 ʛʝʥʘʤʠ çʚʝʨʭʥʝʛʦ bph-

ʧʫʪʠè bphBCD. ɼʘʥʥʳʝ ʧʦʣʥʦʛʝʥʦʤʥʦʛʦ ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ ʧʦʜʪʚʝʨʞʜʘʶʪ 

ʨʝʟʫʣʴʪʘʪʳ ʨʘʥʝʝ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʠʟʫʯʝʥʠʶ bph-ʦʧʝʨʦʥʘ 

ʰʪʘʤʤʘ Acidovorax sp. KKS102 (bphEGF (ORF4) A1A2A3BCD (ORF1) A4) 

(Kikuchi et al., 1994; Ohtsubo et al., 2001, 2012; Pieper, 2005) (ʨʠʩʫʥʦʢ 8). 

ʇʦʜʦʙʥʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ bph-ʛʝʥʦʚ ʦʧʠʩʘʥʦ ʜʣʷ ʰʪʘʤʤʘ Wautersia oxalatica 

A5 (Merlin et al., 1997). 

ʇʣʘʟʤʠʜʥʘʷ ʣʦʢʘʣʠʟʘʮʠʷ bph-ʦʧʝʨʦʥʦʚ ʚʳʷʚʣʝʥʘ ʫ ʰʪʘʤʤʦʚ-

ʜʝʩʪʨʫʢʪʦʨʦʚ ʙʠʬʝʥʠʣʘ/ʇʍɹ P. putida KF715 ʠ R. jostii RHA1 (ʨʠʩʫʥʦʢ 11). 
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ɸʥʘʣʠʟ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ bph-ʛʝʥʦʚ ʚ ʧʣʘʟʤʠʜʝ pKF715A ʰʪʘʤʤʘ P. putida 

KF715 ʚʳʷʚʠʣ ʜʝʣʝʮʠʶ ʚ ʦʙʣʘʩʪʠ ʛʝʥʦʚ, ʢʦʜʠʨʫʶʱʠʭ ʬʝʨʤʝʥʪʳ çʥʠʞʥʝʛʦè 

ʧʫʪʠ ʨʘʟʣʦʞʝʥʠʷ ʙʠʬʝʥʠʣʘ, ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ bph-ʦʧʝʨʦʥʦʚ 

ʰʪʘʤʤʦʚ B. xenovorans LB400 ʠ P. furukawaii KF707. ʇʝʨʝʜ ʛʝʥʘʤʠ bphEGF 

ʨʘʩʧʦʣʦʞʝʥ ʛʝʥ bphS, ʧʨʦʜʫʢʪ ʢʦʪʦʨʦʛʦ ʦʩʫʱʝʩʪʚʣʷʝʪ ʨʝʛʫʣʷʮʠʶ bph-ʛʝʥʦʚ 

ʰʪʘʤʤʘ P. putida KF715 (Ohtsubo et al., 2001). 

ɻʝʥʳ ʜʝʩʪʨʫʢʮʠʠ ʙʠʬʝʥʠʣʘ ʰʪʘʤʤʘ R. jostii RHA1 ʨʘʩʧʦʣʦʞʝʥʳ ʥʘ 

ʜʚʫʭ ʧʣʘʟʤʠʜʘʭ (ʨʠʩʫʥʦʢ 11). ʅʘ ʧʣʘʟʤʠʜʝ pRHL1 ʣʦʢʘʣʠʟʦʚʘʥʳ ʛʝʥʳ 

çʚʝʨʭʥʝʛʦè ʧʫʪʠ ʜʝʛʨʘʜʘʮʠʠ ʙʠʬʝʥʠʣʘ: bphA1 - bphA2 - bphA3 - bphA4 - 

bphʉ  bphB. ʅʘ ʧʣʘʟʤʠʜʝ pRHL2 ʣʦʢʘʣʠʟʦʚʘʥʳ ʛʝʥʳ çʥʠʞʥʝʛʦè ʧʫʪʠ, 

ʘ ʪʘʢʞʝ ʛʝʥʳ bphB ʠ bphD, ʷʚʣʷʶʱʠʝʩʷ ʢʦʤʧʦʥʝʥʪʘʤʠ çʚʝʨʭʥʝʛʦè ʧʫʪʠ 

ʜʝʩʪʨʫʢʮʠʠ ʙʠʬʝʥʠʣʘ/ʇʍɹ, ʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ bphD - bphE  bphF, 

ʛʝʥ bphB ʥʝ ʚʭʦʜʠʪ ʚ ʝʜʠʥʳʡ ʢʣʘʩʪʝʨ ʩ ʫʢʘʟʘʥʥʳʤʠ ʛʝʥʘʤʠ. ʊʘʢʞʝ ʩʣʝʜʫʝʪ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʛʝʥʳ çʥʠʞʥʝʛʦè bph-ʧʫʪʠ (BphE, BphG ʠ BphF) ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʢʘʢ ʥʘ ʧʣʘʟʤʠʜʝ pRHL1, ʪʘʢ ʠ ʥʘ pRHL2. ʀʥʪʝʨʝʩʥʦ ʦʪʤʝʪʠʪʴ, 

ʯʪʦ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʛʝʥʦʚ bphA1A2A3A4-bphC-bphB ʰʪʘʤʤʘ RHA1 

ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ bph-ʛʝʥʦʚ ʜʚʫʭ ʜʨʫʛʠʭ ʰʪʘʤʤʦʚ-

ʜʝʩʪʨʫʢʪʦʨʦʚ ʙʠʬʝʥʠʣʘ/ʇʍɹ ʨʦʜʘ Rhodococcus. ʊʘʢ, ʫ ʰʪʘʤʤʘ Rhodococcus 

sp. M5 bph-ʛʝʥʳ ʠʤʝʶʪ ʨʘʩʧʦʣʦʞʝʥʠʝ bphC-bphB-bphA-bphD-bphE, 

ʘ ʫ ʰʪʘʤʤʘ Rhodococcus sp. TA421 ï bphA-bphB-bphC. ʇʨʠ ʵʪʦʤ ʫ ʚʩʝʭ ʪʨʝʭ 

ʰʪʘʤʤʦʚ ʧʦʩʣʝ ʛʝʥʦʚ, ʢʦʜʠʨʫʶʱʠʭ ʬʝʨʤʝʥʪʳ ʜʝʩʪʨʫʢʮʠʠ ʙʠʬʝʥʠʣʘ/ʇʍɹ, 

ʨʘʩʧʦʣʦʞʝʥʳ ʛʝʥʳ bphS-bphT, ʢʦʜʠʨʫʶʱʠʝ ʙʝʣʢʠ ʜʚʫʭʢʦʤʧʦʥʝʥʪʥʦʡ 

ʩʠʛʥʘʣʴʥʦʡ ʩʠʩʪʝʤʳ, ʦʩʫʱʝʩʪʚʣʷʶʱʝʡ ʨʝʛʫʣʷʮʠʶ bph-ʦʧʝʨʦʥʘ (Labbe et al., 

1997; Simizu et al., 2001; Takeda et al., 2004).  

ʀʥʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ bph-ʛʝʥʦʚ ʦʧʠʩʘʥʦ ʜʣʷ ʰʪʘʤʤʘ Rhodococcus sp. 

R04. ɺ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʙʘʟʝ GenBank ʧʨʝʜʩʪʘʚʣʝʥ ʥʘʙʦʨ ʬʨʘʛʤʝʥʪʦʚ, 

ʩʦʜʝʨʞʘʱʠʭ ʧʦʣʥʦʛʝʥʦʤʥʫʶ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʜʘʥʥʦʛʦ ʰʪʘʤʤʘ (ʥʦʤʝʨ 

GenBank PRJNA63847). ʇʦʢʘʟʘʥʦ, ʯʪʦ bph-ʛʝʥʳ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ 

ʧʦʨʷʜʢʝ: bphB-bphC-IR1-bphA1-bphA2-IR2-bphA3-IR3-bphA4-bphD, ʛʜʝ IR ï 

ʥʝʢʦʜʠʨʫʶʱʠʝ ʫʯʘʩʪʢʠ ʥʫʢʣʝʦʪʠʜʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ (Yang et al., 2011). 
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ʈʘʩʩʤʘʪʨʠʚʘʷ ʛʝʥʝʪʠʯʝʩʢʫʶ ʦʨʛʘʥʠʟʘʮʠʶ bph-ʛʝʥʦʚ, ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ, 

ʯʪʦ ʚ ʢʣʝʪʢʘʭ ʰʪʘʤʤʦʚ-ʜʝʩʪʨʫʢʪʦʨʦʚ ʙʠʬʝʥʠʣʘ/ʇʍɹ ʤʦʛʫʪ ʧʨʠʩʫʪʩʪʚʦʚʘʪʴ 

ʠʟʦʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʛʝʥʳ. ʅʘʠʙʦʣʝʝ ʠʟʫʯʝʥʥʳʤ ʷʚʣʷʝʪʩʷ ʰʪʘʤʤ R. jostii 

RHA1, ʚ ʛʝʥʦʤʝ ʢʦʪʦʨʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʳ ʪʨʠ ʢʣʘʩʪʝʨʘ, ʢʦʥʪʨʦʣʠʨʫʶʱʠʝ 

ʛʠʜʨʦʢʩʠʣʠʨʫʶʱʠʝ ʜʠʦʢʩʠʛʝʥʘʟʳ ʩ ʨʘʟʥʦʡ ʩʫʙʩʪʨʘʪʥʦʡ ʩʧʝʮʠʬʠʯʥʦʩʪʴʶ 

(bphAaAbAcAd, etbAa1Ab1C, etbAa2Ab2AcD2), ʩʝʤʴ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ 

ʛʦʤʦʣʦʛʠʯʥʳʭ bphC, ʪʨʠ ʛʦʤʦʣʦʛʘ bphD ʠ ʧʦ ʜʚʘ ʛʦʤʦʣʦʛʘ bphE ʠ bphF 

(Goncales et al., 2006; Iwasaki et al., 2006; McLeod et al., 2006). ʊʘʢʞʝ 

ʠʟʦʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʛʝʥʳ (ʪʨʠ ʛʝʥʘ bphC) ʚʳʷʚʣʝʥʳ ʚ ʛʝʥʦʤʝ ʰʪʘʤʤʘ 

R. globerulus P6 (Asturias et al., 1994). ɺʝʨʦʷʪʥʦ, ʥʘʣʠʯʠʝ ʠʟʦʬʫʥʢʮʠʦʥʘʣʴʥʳʭ 

ʛʝʥʦʚ, ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʠʟʦʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʬʝʨʤʝʥʪʦʚ, ʦʙʫʩʣʦʚʣʠʚʘʝʪ 

ʚʳʩʦʢʠʡ ʜʝʛʨʘʜʘʪʠʚʥʳʡ ʧʦʪʝʥʮʠʘʣ ʰʪʘʤʤʦʚ ʚ ʦʪʥʦʰʝʥʠʠ ʩʤʝʩʝʡ ʩʭʦʜʥʳʭ ʧʦ 

ʭʠʤʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʝ ʚʝʱʝʩʪʚ (Asturias et al., 1994).  

ɸʥʘʣʠʟ ʘʤʠʥʦʢʠʩʣʦʪʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʧʨʦʜʫʢʪʦʚ bph-ʛʝʥʦʚ 

ʰʪʘʤʤʦʚ R. jostii RHA1 ʠ Rhodococcus sp. ʄ5 ʚʳʷʚʠʣ, ʯʪʦ ʦʥʠ ʥʘ 49ï79 % 

ʩʭʦʞʠ ʩ tod-ʛʝʥʘʤʠ (ʜʝʩʪʨʫʢʮʠʷ ʪʦʣʫʦʣʘ) ʰʪʘʤʤʘ Pseudomonas putida F1, ʠ 

ʪʦʣʴʢʦ ʥʘ 30ï65 % ʩ bph-ʛʝʥʘʤʠ ʰʪʘʤʤʦʚ ʨʦʜʘ Pseudomonas (ʰʪʘʤʤʳ KF707 

ʠ KKS102). ʋʨʦʚʝʥʴ ʛʦʤʦʣʦʛʠʠ ʤʝʞʜʫ ʛʝʥʘʤʠ bphABCRHA1 ʠ bphABCM5 

ʩʦʩʪʘʚʣʷʝʪ 57ï74 %. ʆʙʥʘʨʫʞʝʥʳ ʠʜʝʥʪʠʯʥʳʝ ʫʯʘʩʪʢʠ ʛʝʥʦʚ bphB ʠ bphC 

ʫ ʰʪʘʤʤʦʚ Rhodococcus sp. ʈ6 ʠ Rhodococcus sp. ʄ5 (Masai et al., 1995, Wang 

et al., 1995). Yamada ʩ ʢʦʣʣʝʛʘʤʠ ʧʦʢʘʟʘʣʠ, ʯʪʦ bphD ʛʨʘʤʦʪʨʠʮʘʪʝʣʴʥʳʭ 

ʰʪʘʤʤʦʚ ʦʙʨʘʟʫʶʪ ʝʜʠʥʦʝ ʧʦʜʩʝʤʝʡʩʪʚʦ, ʪʦʛʜʘ ʢʘʢ ʛʝʥʳ, ʢʦʜʠʨʫʶʱʠʝ 

ɻʆʌɼʂ-ʛʠʜʨʦʢʩʠʣʘʟʫ ʰʪʘʤʤʦʚ ʄ5 ʠ RHA1, ʟʥʘʯʠʪʝʣʴʥʦ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʥʠʭ 

(Yamada et al., 1998). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʛʝʥʳ ʙʠʦʜʝʛʨʘʜʘʮʠʠ ʙʠʬʝʥʠʣʘ 

ʰʪʘʤʤʦʚ ʨʦʜʘ Rhodococcus ʟʥʘʯʠʪʝʣʴʥʦ ʦʪʣʠʯʘʶʪʩʷ ʦʪ bph-ʛʝʥʦʚ 

ʛʨʘʤʦʪʨʠʮʘʪʝʣʴʥʳʭ ʰʪʘʤʤʦʚ-ʜʝʩʪʨʫʢʪʦʨʦʚ.  

ʈʷʜʦʤ ʘʚʪʦʨʦʚ ʚʳʩʢʘʟʘʥʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ ʢʣʶʯʝʚʫʶ ʨʦʣʴ 

ʚ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ ʛʝʥʦʚ ʙʠʦʜʝʛʨʘʜʘʮʠʠ ʩʨʝʜʠ ʙʘʢʪʝʨʠʘʣʴʥʳʭ ʰʪʘʤʤʦʚ 

ʠʛʨʘʶʪ ʣʠʥʝʡʥʳʝ ʧʣʘʟʤʠʜʳ. ɼʘʥʥʦʝ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʙʘʟʠʨʫʝʪʩʷ 

ʥʘ ʨʝʟʫʣʴʪʘʪʘʭ ʦ ʧʝʨʝʥʦʩʝ ʧʣʘʟʤʠʜʳ pRHL2 ʚ ʰʪʘʤʤʳ, ʣʠʰʝʥʥʳʝ bph-ʛʝʥʦʚ, 
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ʯʪʦ ʧʨʠʚʦʜʠʣʦ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʙʠʬʝʥʠʣ-ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʬʝʥʦʪʠʧʘ. ʊʘʢʞʝ 

ʚ ʥʫʢʣʝʦʪʠʜʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʭ ʭʨʦʤʦʩʦʤʳ ʠ ʧʣʘʟʤʠʜ ʰʪʘʤʤʘ R. jostii 

RHA1 ʚʳʷʚʣʝʥʳ ʠʥʚʝʨʪʠʨʦʚʘʥʥʳʝ ʧʦʚʪʦʨʳ, ʩʦʜʝʨʞʘʱʠʝ GCTXCGC-

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ (Shimizu et al., 2001). ʇʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʧʝʨʝʥʦʩʘ D-ʧʣʘʟʤʠʜʳ pDK2 (ʤʦʣʝʢʫʣʨ̫ʥʘʷ ʤʘʩʩʘ 220 ʪ.ʧ.ʥ.) 

ʰʪʘʤʤʘ Rhodococcus sp. DK17 (Shimizu et al., 2001). 

ʂʨʦʤʝ ʧʣʘʟʤʠʜ ʚ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ bph-ʛʝʥʦʚ ʫʯʘʩʪʚʫʶʪ ʪʨʘʥʩʧʦʟʦʥʳ. 

ʆʪʤʝʯʝʥʦ, ʯʪʦ ʫ ʨʷʜʘ ʰʪʘʤʤʦʚ ʛʝʥʳ ʜʝʛʨʘʜʘʮʠʠ ʙʠʬʝʥʠʣʘ/ʇʍɹ ʥʘʭʦʜʷʪʩʷ 

ʚ ʦʢʨʫʞʝʥʠʠ ʛʝʥʦʚ, ʢʦʜʠʨʫʶʱʠʭ ʪʨʘʥʩʧʦʟʘʟʫ. ʊʘʢ, ʢʣʘʩʪʝʨʳ bph- ʠ sal-ʛʝʥʦʚ 

ʚ ʰʪʘʤʤʝ P. putida KF715 ʚʢʣʶʯʝʥʳ ʚ ʪʨʘʥʩʧʦʟʦʥ ʩ ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʦʡ 

90 ʪ.ʧ.ʥ. (Tan, 1999). ʇʦʜʨʦʙʥʦ ʠʟʫʯʝʥ ʪʨʘʥʩʧʦʟʦʥ Tn4371, ʦʙʥʘʨʫʞʝʥʥʳʡ 

ʚ ʭʨʦʤʦʩʦʤʝ ʰʪʘʤʤʘ Ralstonia eutropha ɸ5 (Springael et al., 1993). Tn4371 ï 

ʩʣʦʞʥʳʡ ʪʨʘʥʩʧʦʟʦʥ ʩ ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʦʡ 55 ʪ.ʧ.ʥ, ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʡ, 

ʚ ʦʩʥʦʚʥʦʤ, ʩʨʝʜʠ ʰʪʘʤʤʦʚ ʛʨʫʧʧʳ ɓ ʧʨʦʪʝʦʙʘʢʪʝʨʠʡ. ɺ ʧʨʘʚʦʡ ʯʘʩʪʠ 

ʜʘʥʥʦʛʦ ʪʨʘʥʩʧʦʟʦʥʘ ʣʦʢʘʣʠʟʦʚʘʥʳ bph-ʛʝʥʳ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʚ ʩʣʝʜʫʶʱʝʤ 

ʧʦʨʷʜʢʝ bphEGFbphA1A2A3BCDA4 (Merlin et al., 1997). ʅʫʢʣʝʦʪʠʜʥʘʷ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʜʘʥʥʳʭ ʛʝʥʦʚ ʥʘ 94 % ʠʜʝʥʪʠʯʥʘ bph-ʛʝʥʘʤ ʰʪʘʤʤʘ 

Acidovorax sp. KKS102 (Springael et al., 2001). ʕʢʩʧʝʨʠʤʝʥʪʳ 

ʧʦ ʛʠʙʨʠʜʠʟʘʮʠʠ ʨʘʟʣʠʯʥʳʭ ʫʯʘʩʪʢʦʚ Tn4371 ʠ ɼʅʂ ʠʟ ʪʨʝʭ Bph+ 

ʪʨʘʥʩʢʦʥʲʶʛʘʥʪʥʳʭ ʰʪʘʤʤʦʚ ʧʦʢʘʟʘʣʠ, ʯʪʦ bph-ʛʝʥʳ ʷʚʣʷʶʪʩʷ 

ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʤ ʤʦʙʠʣʴʥʳʤ ʵʣʝʤʝʥʪʦʤ. Tn-bph ʦʙʣʘʜʘʝʪ ʩʦʙʩʪʚʝʥʥʦʡ 

ʵʢʩʮʠʟʠʦʥʥʦ-ʠʥʪʝʛʨʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʦʡ ʠ ʩʧʦʩʦʙʝʥ ʢ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʤʫ 

ʢʦʥʲʶʛʘʮʠʦʥʥʦʤʫ ʧʝʨʝʥʦʩʫ, ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʙʦʣʴʰʦʛʦ ʵʣʝʤʝʥʪʘ (Merlin et al., 

1999). 

bph-ɻʝʥʳ, ʚʭʦʜʷʱʠʝ ʚ ʩʦʩʪʘʚ ʪʨʘʥʩʧʦʟʦʥʘ Tn4371, ʦʨʛʘʥʠʟʦʚʘʥʳ 

ʚ ʦʧʝʨʦʥ, ʪʨʘʥʩʢʨʠʧʮʠʷ ʢʦʪʦʨʦʛʦ ʥʘʯʠʥʘʝʪʩʷ ʩ ů70-ʟʘʚʠʩʠʤʦʛʦ ʧʨʦʤʦʪʦʨʘ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʘʥʘʣʠʟʘ ʥʫʢʣʝʦʪʠʜʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ bph-ʦʧʝʨʦʥʘ Tn4371 

ʚʳʰʝ bphɽ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥ ʨʝʛʫʣʷʪʦʨʥʳʡ ʛʝʥ bphS, ʥʠʞʝ bphɸ4 ï ʛʝʥ bphR. 

ɼʝʣʝʮʠʷ bphR ʥʝ ʦʢʘʟʳʚʘʣʘ ʚʣʠʷʥʠʷ ʥʘ ʪʨʘʥʩʢʨʠʧʮʠʶ bph-ʦʧʝʨʦʥʘ. 

ʀʥʘʢʪʠʚʘʮʠʷ bphS ʧʨʠʚʦʜʠʪ ʢ ʢʦʥʩʪʠʪʫʪʠʚʥʦʡ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ, 
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ʦʪʚʝʪʩʪʚʝʥʥʳʭ ʟʘ ʦʢʠʩʣʝʥʠʝ ʤʦʣʝʢʫʣʳ ʙʠʬʝʥʠʣʘ. ʉʨʘʚʥʝʥʠʝ 

ʘʤʠʥʦʢʠʩʣʦʪʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ BphS ʠ ORF0 ʧʦʢʘʟʘʣʦ, ʯʪʦ ʜʘʥʥʳʝ 

ʙʝʣʢʠ ʠʜʝʥʪʠʯʥʳ ʥʘ 58 %. ʇʨʠ ʵʪʦʤ BphS ʩʦʜʝʨʞʠʪ ʚ N-ʪʝʨʤʠʥʘʣʴʥʦʡ 

ʦʙʣʘʩʪʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ, ʭʘʨʘʢʪʝʨʥʫʶ ʜʣʷ GntR-ʨʝʛʫʣʷʪʦʨʥʳʭ ʙʝʣʢʦʚ. 

ɸʥʘʣʠʟ ʘʢʪʠʚʥʦʩʪʠ BphC ʚ ʨʝʢʦʤʙʠʥʘʥʪʥʳʭ ʰʪʘʤʤʘʭ, ʥʝʩʫʱʠʭ ʧʣʘʟʤʠʜʳ 

ʩ ʢʣʦʥʠʨʦʚʘʥʥʳʤʠ ʛʝʥʘʤʠ bph-ʦʧʝʨʦʥʘ, ʧʦʢʘʟʘʣ, ʯʪʦ bphS ʢʦʜʠʨʫʝʪ ʙʝʣʦʢ 

ʥʝʛʘʪʠʚʥʦʡ ʨʝʛʫʣʷʮʠʠ ʪʨʘʥʩʢʨʠʧʮʠʠ bph-ʛʝʥʦʚ. ʀʥʜʫʢʪʦʨʘʤʠ BphS ʷʚʣʷʶʪʩʷ 

ʜʠʛʠʜʨʦʢʩʠ-ʙʠʬʝʥʠʣ ʠ ɻʆʌɼʂ (Mouz et al., 1999).  

ʈʘʩʧʦʣʦʞʝʥʠʝ ʛʝʥʦʚ ʜʝʩʪʨʫʢʮʠʠ ʙʠʬʝʥʠʣʘ ʢʘʢ ʥʘ ʭʨʦʤʦʩʦʤʝ, ʪʘʢ ʠ 

ʚ ʩʦʩʪʘʚʝ ʤʦʙʠʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʦʙʫʩʣʦʚʣʠʚʘʝʪ ʛʦʨʠʟʦʥʪʘʣʴʥʳʡ ʧʝʨʝʥʦʩ 

ʜʘʥʥʳʭ ʛʝʥʦʚ ʤʝʞʜʫ ʨʘʟʣʠʯʥʳʤʠ ʛʨʫʧʧʘʤʠ ʘʵʨʦʙʥʳʭ ʙʘʢʪʝʨʠʡ (ʨʠʩʫʥʦʢ 12) 

(Bhatt et al., 2021). 

 

ʈʠʩʫʥʦʢ 12 ï ʃʦʢʘʣʠʟʘʮʠʷ bph-ʛʝʥʦʚ ʠ ʠʭ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʩʨʝʜʠ 

ʙʘʢʪʝʨʠʡ-ʜʝʩʪʨʫʢʪʦʨʦʚ (Bhatt et al., 2021) 

ʈʘʩʧʨʦʩʪʨʘʥʝʥʠʝ bph-ʛʝʥʦʚ ʚ ʫʩʣʦʚʠʷʭ ʜʣʠʪʝʣʴʥʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ 

ʙʠʦʪʦʧʦʚ ʧʦʣʠʭʣʦʨʠʨʦʚʘʥʥʳʤʠ ʙʠʬʝʥʠʣʘʤʠ ʩʧʦʩʦʙʩʪʚʫʝʪ ʘʜʘʧʪʘʮʠʠ 
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ʤʠʢʨʦʙʠʦʮʝʥʦʟʘ ʢ ʧʨʠʩʫʪʩʪʚʠʶ ʜʘʥʥʦʡ ʛʨʫʧʧʳ ʧʦʣʣʶʪʘʥʪʦʚ, ʘ ʪʘʢʞʝ 

ʵʬʬʝʢʪʠʚʥʦʡ ʜʝʩʪʨʫʢʮʠʠ ʇʍɹ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʫʢʮʝʩʩʠʦʥʥʳʭ ʠʟʤʝʥʝʥʠʡ 

ʚʥʫʪʨʠ ʤʠʢʨʦʙʠʦʮʝʥʦʟʘ, ʚʝʜʫʱʠʭ ʢ ʜʦʤʠʥʠʨʦʚʘʥʠʶ ʰʪʘʤʤʦʚ-ʜʝʩʪʨʫʢʪʦʨʦʚ 

ʧʦʣʠʭʣʦʨʠʨʦʚʘʥʥʳʭ ʙʠʬʝʥʠʣʦʚ. 

ɻʝʥʝʪʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ ʨʘʟʣʦʞʝʥʠʷ ʤʝʪʘʙʦʣʠʪʦʚ ʇʍɹ 

ɼʣʷ ʵʬʬʝʢʪʠʚʥʦʡ ʫʪʠʣʠʟʘʮʠʠ ʇʍɹ ʥʝʦʙʭʦʜʠʤʦ, ʯʪʦʙʳ 

(ʭʣʦʨ)ʙʝʥʟʦʡʥʳʝ ʢʠʩʣʦʪʳ, ʦʙʨʘʟʫʶʱʠʝʩʷ ʧʨʠ ʘʵʨʦʙʥʦʡ ʙʘʢʪʝʨʠʘʣʴʥʦʡ 

ʪʨʘʥʩʬʦʨʤʘʮʠʠ, ʪʘʢʞʝ ʙʳʣʠ ʜʝʛʨʘʜʠʨʦʚʘʥʳ. ʉʧʦʩʦʙʥʦʩʪʴ ʢ ʪʨʘʥʩʬʦʨʤʘʮʠʠ 

ʟʘʤʝʱʝʥʥʳʭ ʠ ʥʝʟʘʤʝʱʝʥʥʳʭ ʙʝʥʟʦʡʥʳʭ ʢʠʩʣʦʪ ʦʧʠʩʘʥʘ ʜʣʷ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ 

ʬʠʣʫʤʦʚ Proteobacteria, Actinobacteria, Firmicutes (Pieper, 2005; Field, Sierra-

Alvarez, 2008; Baggi et al., 2008; Xu et al., 2017).  

ɹʠʦʨʘʟʣʦʞʝʥʠʝ ʙʝʥʟʦʡʥʦʡ ʢʠʩʣʦʪʳ ʥʘʯʠʥʘʝʪʩʷ ʩ ʦʢʠʩʣʝʥʠʷ ʤʦʣʝʢʫʣʳ 

ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʬʝʨʤʝʥʪʘ ʙʝʥʟʦʘʪ 1,2-ʜʠʦʢʩʠʛʝʥʘʟʳ (ɹʝʥɼʆ) (ʨʠʩʫʥʢʠ 3, 8) 

(Parales, Resnick, 2006). ɹʝʥɼʆ (ʂʌ 1.14.12.10) ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ Ŭ- ʠ ʜʚʫʭ 

ɓ-ʩʫʙʲʝʜʠʥʠʮ (https://www.genome.jp). ʇʦʢʘʟʘʥʦ, ʯʪʦ ʩʫʙʩʪʨʘʪʥʘʷ 

ʩʧʝʮʠʬʠʯʥʦʩʪʴ ʦʙʫʩʣʦʚʣʠʚʘʝʪʩʷ Ŭ-ʩʫʙʲʝʜʠʥʠʮʝʡ ɹʝʥɼʆ (Parales, Resnick, 

2006; Solyanikova et al., 2015). ɸʥʘʣʠʟ ʛʝʥʦʚ, ʜʝʪʝʨʤʠʥʠʨʫʶʱʠʭ 

Ŭ ʩʫʙʲʝʜʠʥʠʮʫ ɹʝʥɼʆ (ʚ ʯʘʩʪʥʦʩʪʠ ʛʝʥʘ benA) ʧʦʢʘʟʘʣ, ʯʪʦ ʦʥʠ ʬʦʨʤʠʨʫʶʪ 

ʦʪʜʝʣʴʥʳʡ ʢʣʘʩʪʝʨ (ʧʦʜʩʝʤʝʡʩʪʚʦ) ʥʘ ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʦʤ ʜʝʨʝʚʝ 

ʙʘʢʪʝʨʠʘʣʴʥʳʭ ʜʠʦʢʩʠʛʝʥʘʟ, ʦʢʠʩʣʷʶʱʠʭ ʘʨʦʤʘʪʠʯʝʩʢʦʝ ʢʦʣʴʮʦ, ʘ ʪʘʢʞʝ 

ʚʳʷʚʠʣ ʩʫʱʝʩʪʚʝʥʥʳʝ ʨʘʟʣʠʯʠʷ ʜʘʥʥʦʛʦ ʛʝʥʘ ʫ ʛʨʘʤʧʦʣʦʞʠʪʝʣʴʥʳʭ ʠ 

ʛʨʘʤʦʪʨʠʮʘʪʝʣʴʥʳʭ ʙʘʢʪʝʨʠʡ (Haddad et al., 2001; Field, Sierra-Alvarez, 2008; 

Solyanikova et al., 2015). ɺʳʩʢʘʟʘʥʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ ʵʚʦʣʶʮʠʷ ʛʝʥʘ benA 

ʫ ʜʘʥʥʳʭ ʛʨʫʧʧ ʙʘʢʪʝʨʠʡ ʧʨʦʪʝʢʘʣʘ ʥʝʟʘʚʠʩʠʤʦ ʜʨʫʛ ʦʪ ʜʨʫʛʘ, ʦʜʥʘʢʦ ʦʥʠ 

ʠʤʝʶʪ ʦʙʱʝʛʦ ʧʨʝʜʢʘ (Haddad et al., 2001; Field, Sierra-Alvarez, 2008a). 

ɺ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʙʘʟʝ GenBank ʩʦʜʝʨʞʘʪʩʷ ʩʚʝʜʝʥʠʷ ʦ 

125 ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʭ ʛʝʥʘ benA ʫ ʘʵʨʦʙʥʳʭ ʙʘʢʪʝʨʠʡ, ʦʩʥʦʚʥʘʷ ʯʘʩʪʴ 

ʢʦʪʦʨʳʭ ʧʨʠʥʘʜʣʝʞʠʪ ʨʦʜʘʤ Acinetobacter, Burkholderia, Corynebacterium, 

Kocuria, Rhodococcus ʠ Pseudomonas. ʉʨʝʜʠ ʠʟʚʝʩʪʥʳʭ ʰʪʘʤʤʦʚ-
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ʜʝʩʪʨʫʢʪʦʨʦʚ ʛʝʥ benA ʦʧʠʩʘʥ ʫ ʨʷʜʘ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʨʦʜʘ Pseudomonas: 

Pseudomonas putida KT2440 (GenBank LT799039.1), Pseudomonas putida B6-2 

(CP015202.1), P. putida F1 (GenBank Cʈ000712.1), P. entomophila L48 

(GenBank CT573326) Pseudomonas sp. VLB120 (GenBank CP003961), ʘ ʪʘʢʞʝ 

ʫ ʰʪʘʤʤʘ-ʜʝʩʪʨʫʢʪʦʨʘ ʇʍɹ B. xenovorans LB400 (Denef et al., 2006). 

ʆʙʥʘʨʫʞʝʥʠʝ ʫ ʪʝʨʨʠʪʦʨʠʘʣʴʥʦ ʫʜʘʣʝʥʥʳʭ ʙʘʢʪʝʨʠʘʣʴʥʳʭ ʰʪʘʤʤʦʚ 

ʚʳʩʦʢʦʠʜʝʥʪʠʯʥʳʭ ʛʝʥʦʚ benA ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʚ ʧʦʣʴʟʫ ʪʝʦʨʠʠ ʦ ʧʝʨʝʜʘʯʝ 

ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ ʤʝʞʜʫ ʙʘʢʪʝʨʠʷʤʠ ʨʦʜʘ Pseudomonas ʚ ʧʨʦʮʝʩʩʝ 

ʘʜʘʧʪʘʮʠʠ ʢ ʚʳʩʦʢʦʤʫ ʫʨʦʚʥʶ ʟʘʛʨʷʟʥʝʥʠʷ ʘʨʦʤʘʪʠʯʝʩʢʠʤʠ ʠ 

ʭʣʦʨʘʨʦʤʘʪʠʯʝʩʢʠʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ (Vodovar et al., 2006; Coleman, Chisholm, 

2010; Polz et al., 2013; Syvanen, 2012; Kºhler et al., 2013).  

ɺ ʨʘʙʦʪʝ (Kitagawa et al., 2001) ʧʦʢʘʟʘʥʦ, ʯʪʦ ʬʝʨʤʝʥʪʳ, ʢʦʜʠʨʫʝʤʳʝ 

ʢʣʘʩʪʝʨʦʤ ʛʝʥʦʚ benABCD ʰʪʘʤʤʘ R. jostii RHA1, ʫʯʘʩʪʚʫʶʪ ʚ ʨʘʟʣʦʞʝʥʠʠ 

ʥʝ ʪʦʣʴʢʦ ʙʝʥʟʦʡʥʦʡ, ʥʦ ʠ 3-ʭʣʦʨʙʝʥʟʦʡʥʦʡ ʢʠʩʣʦʪʳ (ʨʠʩʫʥʦʢ 13). 

 

ʈʠʩʫʥʦʢ 13 ï ʆʨʛʘʥʠʟʘʮʠʷ benA ʛʝʥʦʚ ʰʪʘʤʤʘ R. jostii RHA1 ʠ 

ʢʘʪʘʣʠʟʠʨʫʝʤʳʡ ʠʤʠ ʧʫʪʴ ʜʝʩʪʨʫʢʮʠʠ ʭʣʦʨʙʝʥʟʦʡʥʦʡ ʢʠʩʣʦʪʳ (Kitagava 

et al., 2001) 

ʋ ʰʪʘʤʤʦʚ Stenotrophomonas maltophilia ʠ Cupriavidus necator, 

ʚʭʦʜʷʱʠʭ ʚ ʩʦʩʪʘʚ ʩʦʦʙʱʝʩʪʚʘ 2ʄʉ, ʘʢʪʠʚʥʦ ʨʘʟʣʘʛʘʶʱʝʛʦ 2-ʍɹʂ, 

2,4-ʜʠʍɹʂ, 2,5-ʜʠʍɹʂ ʠ 2,3,5-ʪʨʠʍɹʂ, ʚʳʷʚʣʝʥ ʛʝʥ benA, ʥʘ 90-91% ʩʭʦʜʥʳʡ 
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ʩ ʛʦʤʦʣʦʛʠʯʥʳʤ ʛʝʥʦʤ ʰʪʘʤʤʦʚ ʨʦʜʘ Pseudomonas, ʧʨʠ ʵʪʦʤ ʚ ʰʪʘʤʤʘʭ 

ʦʪʩʫʪʩʪʚʫʶʪ ʛʝʥʳ cbdABC ʠ ohbAB, ʢʦʜʠʨʫʶʱʠʝ ʬʝʨʤʝʥʪʳ ʧʝʨʚʠʯʥʦʡ ʘʪʘʢʠ 

ʭʣʦʨʙʝʥʟʦʡʥʳʭ ʢʠʩʣʦʪ (Baggi et al., 2008). ʇʨʝʜʧʦʣʦʞʝʥʦ, ʯʪʦ ʦʢʠʩʣʝʥʠʝ 

ʍɹʂ ʜʦ ʭʣʦʨʢʘʪʝʭʦʣʦʚ ʧʨʦʠʩʭʦʜʠʪ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʙʝʥʟʦʘʪ 1,2-ʜʠʦʢʩʠʛʝʥʘʟʳ.  

ɼʣʷ ʰʪʘʤʤʘ Pseudomonas sp. 3-CBA ʦʧʠʩʘʥ ʧʫʪʴ ʨʘʟʣʦʞʝʥʠʷ 3-ʍɹʂ 

ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʬʝʨʤʝʥʪʦʚ, ʢʦʜʠʨʫʝʤʳʭ ʢʣʘʩʪʝʨʦʤ ʛʝʥʦʚ benABCD (Xu et al., 

2017). ʇʦʢʘʟʘʥʦ, ʯʪʦ ʛʝʥʳ benABCD ʰʪʘʤʤʘ 3-CBA ʥʘ 99% ʩʭʦʜʥʳ 

ʩ ʛʦʤʦʣʦʛʠʯʥʳʤʠ ʛʝʥʘʤʠ ʰʪʘʤʤʦʚ P. plecoglossicide NyZ12, P. monteilli 

SB3101 ʠ P. putida DLL-E4 (ʨʠʩʫʥʦʢ 14). 

 

 

ʈʠʩʫʥʦʢ 14 ï ʉʨʘʚʥʝʥʠʝ ʢʣʘʩʪʝʨʦʚ ʛʝʥʦʚ, ʦʪʚʝʪʩʪʚʝʥʥʳʭ ʟʘ 

ʢʘʪʘʙʦʣʠʟʤ 2-ʍɹʂ, 3-ʍɹʂ ʠ 4-ʍɹʂ (Xu et al., 2017) 

 

ɸʵʨʦʙʥʘʷ ʙʘʢʪʝʨʠʘʣʴʥʘʷ ʜʝʩʪʨʫʢʮʠʷ ʭʣʦʨʠʨʦʚʘʥʥʳʭ ʙʝʥʟʦʡʥʳʭ ʢʠʩʣʦʪ 

ʦʙʫʩʣʦʚʣʝʥʘ ʜʝʡʩʪʚʠʝʤ ʨʘʟʣʠʯʥʳʭ ʛʨʫʧʧ ʬʝʨʤʝʥʪʦʚ, ʢʦʜʠʨʫʝʤʳʭ ʨʘʟʥʳʤʠ 

ʛʝʥʘʤʠ. ʊʘʢ, ʜʝʩʪʨʫʢʮʠʷ 4-ʍɹʂ ʦʙʫʩʣʦʚʣʝʥʘ ʧʨʠʩʫʪʩʪʚʠʝʤ ʚ ʛʝʥʦʤʝ ʙʘʢʪʝʨʠʡ 

fcb-ʛʝʥʦʚ, ʜʝʩʪʨʫʢʮʠʷ 3-ʍɹʂ ï ʦʙʫʩʣʦʚʣʝʥʘ ʛʝʥʘʤʠ tfd, cba, cbn, ʜʝʩʪʨʫʢʮʠʷ 

2-ʍɹʂ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʬʝʨʤʝʥʪʘʤʠ, ʢʦʜʠʨʫʝʤʳʤʠ ʛʝʥʘʤʠ clc ʠ ohb.   
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ʅʘʠʙʦʣʝʝ ʧʦʜʨʦʙʥʦ ʠʟʫʯʝʥʳ ʛʝʥʳ, ʦʪʚʝʪʩʪʚʝʥʥʳʝ ʟʘ ʨʘʟʣʦʞʝʥʠʝ 2-ʍɹʂ 

ʫ ʰʪʘʤʤʦʚ ʨʦʜʦʚ Pseudomonas ʠ Burkholderia (ʨʠʩʫʥʢʠ 14, 15). 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʫ ʰʪʘʤʤʦʚ P. aeruginosa 142 ʠ B. cepacia 2-CBS, 

ʠʤʝʶʪʩʷ ʨʘʟʣʠʯʠʷ ʚ ʦʨʛʘʥʠʟʘʮʠʠ ʛʝʥʦʚ, ʢʦʜʠʨʫʶʱʠʭ ʬʝʨʤʝʥʪʳ 2-ʍɹʂ-

ʤʝʪʘʙʦʣʠʟʤʘ. ɺʦ-ʧʝʨʚʳʭ, ʚ ʰʪʘʤʤʝ 2-CBS ʛʝʥʳ, ʢʦʜʠʨʫʶʱʠʝ ʙʦʣʴʰʫʶ 

(cbdA) ʠ ʤʘʣʫʶ (cbdB) ʩʫʙʲʝʜʠʥʠʮʳ ʦʢʩʠʛʝʥʘʟʳ, ʩʛʨʫʧʧʠʨʦʚʘʥʳ ʩ ʛʝʥʦʤ, 

ʢʦʜʠʨʫʶʱʠʤ ʢʦʤʧʦʥʝʥʪ ʪʨʘʥʩʧʦʨʪʘ ʵʣʝʢʪʨʦʥʦʚ ʦʢʩʠʛʝʥʘʟʳ (cbdC) (Haak et 

al., 1995; Hickey, Sabat, 2001; Hickey et al., 2001). 

 

ʈʠʩʫʥʦʢ 15 ï ʂʘʨʪʘ ʦhb-ʨʝʛʠʦʥʦʚ ʰʪʘʤʤʦʚ P. aeruginosa 142 ʠ 

P. aeruginosa JB2 ʠ cbd-ʨʝʛʠʦʥʘ ʰʪʘʤʤʘ Burkholderia cepacia 2-CBS 

(Pseudomonas cepacia 2CBS) (Hickey, Sabat, 2001; Tsoi et al., 1999; Haak et al., 

1995; Hickey et al., 2001) 

 

ʆʜʥʘʢʦ ʚ ʰʪʘʤʤʝ 142 ʛʝʥʳ, ʢʦʜʠʨʫʶʱʠʝ Ŭ- ʠ ɓ-ʩʫʙʲʝʜʠʥʠʮʳ 

ʦʢʩʠʛʝʥʘʟʳ (ohbA, ohbB, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ), ʦʪʜʝʣʝʥʳ ʦʪ ʛʝʥʦʚ, ʢʦʜʠʨʫʶʱʠʭ 

ʢʦʤʧʦʥʝʥʪʳ ʪʨʘʥʩʧʦʨʪʘ ʵʣʝʢʪʨʦʥʦʚ (Tsoi et al., 1999). ɺʦ-ʚʪʦʨʳʭ, ʩʨʘʚʥʝʥʠʝ 

ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ Ŭ- ʠ ɓ-ʩʫʙʲʝʜʠʥʠʮ 2-ʍɹʂ ʦʢʩʠʛʝʥʘʟʳ 

ʜʘʥʥʳʭ ʰʪʘʤʤʦʚ ʧʦʢʘʟʘʣʦ ʥʠʟʢʠʡ ʫʨʦʚʝʥʴ ʩʭʦʜʩʪʚʘ - 22 ʠ 14% 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʥʦ ʙʦʣʝʝ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʩʭʦʜʩʪʚʘ ʩ ʙʝʥʟʦʘʪ / ʪʦʣʫʘʪ 

ʜʠʦʢʩʠʛʝʥʘʟʦʡ ʚ ʩʣʫʯʘʝ ʰʪʘʤʤʘ 2-CBS ʠ ʩʘʣʠʮʠʣʘʪ ʛʠʜʨʦʢʩʠʣʘʟʦʡ / 

ʥʠʪʨʦʪʦʣʫʦʣ ʜʠʦʢʩʠʛʝʥʘʟʦʡ / ʙʠʬʝʥʠʣ ʜʠʦʢʩʠʛʝʥʘʟʦʡ ʚ ʩʣʫʯʘʝ ʰʪʘʤʤʘ 142. 

ɸʥʘʣʠʟ ʥʫʢʣʝʦʪʠʜʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʛʝʥʦʚ ohbAB ʰʪʘʤʤʘ P. aeruginosa 

JB2 (GenBank CP028917.1), ʘ ʪʘʢʞʝ ʘʤʠʥʦʢʠʩʣʦʪʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ 
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ʢʦʜʠʨʫʝʤʳʭ ʠʤʠ ʩʫʙʲʝʜʠʥʠʮ 2-ʍɹʂ ʦʢʩʠʛʝʥʘʟʳ ʧʦʢʘʟʘʣ ʠʜʝʥʪʠʯʥʦʩʪʴ 

ohbA142 ʠ ohbAJB2, ʥʦ ʚʳʷʚʠʣ ʩʫʱʝʩʪʚʝʥʥʳʝ ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ ohbɺ142 ʠ ohbɺJB2 

(Haak et al., 1995; Tsoi et al., 1999; Hickey, Sabat, 2001; Hickey et al., 2001). 

ʇʦʢʘʟʘʥʦ, ʯʪʦ cbdAB-ʛʝʥʳ ʰʪʘʤʤʘ Pseudomonas sp. 2-CBA ʥʘ 97-98% 

ʠʜʝʥʪʠʯʥʳ ʛʦʤʦʣʦʛʠʯʥʳʤ ʛʝʥʘʤ ʰʪʘʤʤʦʚ Burkholderia sp. TH2 ʠ P. cepacia 

2-CBS (Xu et al., 2017). ʆʜʥʘʢʦ, ʚ ʛʝʥʦʤʝ ʰʪʘʤʤʘ 2-CBA ʦʪʩʫʪʩʪʚʦʚʘʣ 

ʛʝʥ cbdʉ, ʢʦʜʠʨʫʶʱʠʡ ʅɸɼʅ-ʨʝʜʫʢʪʘʟʫ. 

ɺʳʩʦʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ 3-ʍɹʂ ʠ 4-ʍɹʂ ʜʝʤʦʥʩʪʨʠʨʫʝʪ 

ʰʪʘʤʤ Burkholderia sp. NK8. ɻʝʥʳ, ʢʦʜʠʨʫʶʱʠʝ ʬʝʨʤʝʥʪʳ ʦʢʠʩʣʝʥʠʷ ʍɹʂ 

(cbeABCD) ʠ ʢʘʪʝʭʦʣʘ (catABC), ʠ ʨʝʛʫʣʷʪʦʨʥʳʡ ʛʝʥ (cbeR) ʦʙʲʝʜʠʥʝʥʳ 

ʚ ʦʜʠʥ ʢʣʘʩʪʝʨ (ʨʠʩʫʥʦʢ 16). ʍʣʦʨʙʝʥʟʦʘʪ 1,2-ʜʠʦʢʩʠʛʝʥʘʟʘ (ʉbeABC) ʥʘ 

50-65 % ʠʜʝʥʪʠʯʥʘ ʙʝʥʟʦʘʪ ʜʠʦʢʩʠʛʝʥʘʟʝ ʰʪʘʤʤʘ Acinetobacter sp. ADP1, 

ʪʦʣʫʦʣ- ʠ 2-ʛʘʣʦʙʝʥʟʦʘʪ ʜʠʦʢʩʠʛʝʥʘʟʘʤ ʰʪʘʤʤʘ B. cepacia 2-CBS, 

ʣʦʢʘʣʠʟʦʚʘʥʥʳʭ ʥʘ ʧʣʘʟʤʠʜʘʭ (Francisco Jr et al., 2001). 

 

ʈʠʩʫʥʦʢ 16 ï ʈʘʩʧʦʣʦʞʝʥʠʝ ʛʝʥʦʚ, ʦʪʚʝʪʩʪʚʝʥʥʳʭ ʟʘ ʨʘʟʣʦʞʝʥʠʝ 

ʭʣʦʨʙʝʥʟʦʘʪʦʚ ʫ ʰʪʘʤʤʘ Burkholderia sp. NK8 (Francisco Jr et al., 2001)  

ɺ ʰʪʘʤʤʝ Comamonas testosteroni BR60 (Alcaligenes sp. BR60) ʚʳʷʚʣʝʥ 

ʢʣʘʩʪʝʨ ʛʝʥʦʚ cbaABC, ʢʦʜʠʨʫʶʱʠʭ ʬʝʨʤʝʥʪʳ ʨʘʟʣʦʞʝʥʠʷ 3-ʍɹʂ. 

ʊʨʘʥʩʬʦʨʤʘʮʠʷ 3-ʍɹʂ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʬʝʨʤʝʥʪʦʚ CbaABC ʤʦʞʝʪ ʧʨʦʭʦʜʠʪʴ 

ʯʝʨʝʟ ʩʪʘʜʠʶ ʦʙʨʘʟʦʚʘʥʠʷ ʧʨʦʪʦʢʘʪʝʭʦʚʦʡ ʢʠʩʣʦʪʳ ʠ ʯʝʨʝʟ ʩʪʘʜʠʶ 5-ʭʣʦʨ-

ʧʨʦʪʦʢʘʪʝʭʦʚʦʡ ʢʠʩʣʦʪʳ, ʢʦʪʦʨʳʝ ʜʘʣʝʝ ʪʨʘʥʩʬʦʨʤʠʨʫʶʪʩʷ ʯʝʨʝʟ ʤʝʪʘ-ʧʫʪʴ 

(ʵʢʩʪʨʘʜʠʦʣʴʥʦʝ ʨʘʩʱʝʧʣʝʥʠʝ) (ʨʠʩʫʥʦʢ 17) (Providenti, Wyndham, 2001). 

ʈʝʛʫʣʷʮʠʷ ʪʨʘʥʩʢʨʠʧʮʠʠ ʛʝʥʦʚ cbaABC ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦʜ ʜʝʡʩʪʚʠʝʤ 

3-ʍɹʂ, ʘ ʪʘʢʞʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʙʝʣʢʦʤ-ʨʝʛʫʣʷʪʦʨʦʤ CbaR, ʛʝʥ 

ʢʦʪʦʨʦʛʦ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʚʳʰʝ cbaABC (Providenti, Wyndham, 2001). 

ɸʥʘʣʠʟ ʥʫʢʣʝʦʪʠʜʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʚʳʷʚʠʣ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ 
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ʛʦʤʦʣʦʛʠʠ (99.3%) cbaABC ʫ ʰʪʘʤʤʦʚ, ʠʟʦʣʠʨʦʚʘʥʥʳʭ ʚ ʉʐɸ ʠ ʀʪʘʣʠʠ (Di 

Gioia et al., 1998). 

 

ʈʠʩʫʥʦʢ 17 ï ʈʘʩʧʦʣʦʞʝʥʠʝ cba-ʛʝʥʦʚ ʰʪʘʤʤʘ Comamonas 

testosteroni BR60 ʚ ʪʨʘʥʩʧʦʟʦʥʝ Tn5271, ʚʭʦʜʷʱʝʤ ʚ ʩʦʩʪʘʚ ʧʣʘʟʤʠʜʳ 

pBRC60 (Providenti, Wyndham, 2001) 

 

ʆʨʛʘʥʠʟʘʮʠʷ ʛʝʥʦʚ fcbɸɺʉ, ʢʦʜʠʨʫʶʱʠʭ 4-ʭʣʦʨʙʝʥʟʦʘʪ-ʂʦɸ-ʣʠʛʘʟʫ, 

4-ʭʣʦʨʙʝʥʟʦʠʣ-ʂʦɸ-ʜʝʛʘʣʦʛʝʥʘʟʫ ʠ 4-ʛʠʜʨʦʢʩʠʙʝʥʟʦʘʪ-ʂʦɸ-ʪʠʦʵʩʪʝʨʘʟʫ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʦʧʠʩʘʥʘ ʫ ʨʷʜʘ ʰʪʘʤʤʦʚ-ʜʝʩʪʨʫʢʪʦʨʦʚ 4-ʍɹʂ, 

ʧʨʠʥʘʜʣʝʞʘʱʠʭ ʨʦʜʘʤ Alcaligenes, Arthrobacter, Hydrogenophaga ʠ 

Pseudomonas (ʨʠʩʫʥʢʠ 14, 18). 

 

 

ʈʠʩʫʥʦʢ 18 ï ʆʨʛʘʥʠʟʘʮʠʷ fcb-ʛʝʥʦʚ ʫ ʰʪʘʤʤʦʚ-ʜʝʩʪʨʫʢʪʦʨʦʚ 4-

ʍɹʂ ʨʦʜʦʚ Pseudomonas ʠ Arthrobacter (Radice et al., 2007): ɸ, ɸ1, ɸ2 ï 

ʛʝʥʳ fcbɸ, ɺ, ɺ1, ɺ2 - ʛʝʥʳ fcbɺ, ʉ, ʉ1, ʉ2 - ʛʝʥʳ fcbʉ, ʊ, ʊ1 - ʛʝʥʳ fcbʊ 
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fcb-ɻʝʥʳ ʣʦʢʘʣʠʟʦʚʘʥʳ ʚ ʝʜʠʥʦʤ ʢʣʘʩʪʝʨʝ, ʦʜʥʘʢʦ ʠʭ ʨʘʩʧʦʣʦʞʝʥʠʝ 

ʫ ʦʪʜʝʣʴʥʳʭ ʰʪʘʤʤʦʚ ʨʘʟʣʠʯʘʝʪʩʷ. ʊʘʢ ʜʣʷ ʰʪʘʤʤʦʚ Arthrobacter sp. SU, 

Arthrobacter sp. FG1 ʠ Arthrobacter sp. TM1 ʭʘʨʘʢʪʝʨʥʦ ʨʘʩʧʦʣʦʞʝʥʠʝ fcbɸ-

fcbɺ-fcbʉ, ʪʦʛʜʘ ʢʘʢ ʫ ʰʪʘʤʤʘ Pseudomonas sp. CBS3 ʛʝʥʳ ʨʘʩʧʦʣʦʞʝʥʳ 

ʚ ʧʦʨʷʜʢʝ fcbɺ-fcbɸ- fcbʉ. ʇʨʠ ʵʪʦʤ fcbʉCBS3 ʥʝ ʛʦʤʦʣʦʛʠʯʥʘ fcbʉSU ʠ 

fcbʉʂɿʊ1. ɸʥʘʣʠʟ ʥʫʢʣʝʦʪʠʜʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ fcb-ʛʝʥʦʚ ʰʪʘʤʤʦʚ 

Arthrobacter sp. SU (GenBank ʄ93187) ʠ Arthrobacter globifomis ʂɿʊ1 

(GenBank AF304300) ʚʳʷʚʠʣ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʛʦʤʦʣʦʛʠʠ ï 99.65%. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʢʣʘʩʪʝʨʝ fcb-ʛʝʥʦʚ ʰʪʘʤʤʘ Pseudomonas sp. 

DJ-12 ʤʝʞʜʫ ʛʝʥʘʤʠ fcbɸ ʠ fcbʉ ʨʘʩʧʣʦʞʝʥʳ ʛʝʥʳ fcbʊ1ʊ2ʊ3, ʢʦʜʠʨʫʶʱʠʝ 

ʪʨʘʥʩʧʦʨʪʥʳʝ ʙʝʣʢʠ, ʦʩʫʱʝʩʪʚʣʷʶʱʠʝ ʧʝʨʝʥʦʩ 4-ʍɹʂ ʚ ʢʣʝʪʢʫ. ʉʨʘʚʥʝʥʠʝ 

ʛʝʥʦʚ fcbɸ ʠ fcbʉ ʰʪʘʤʤʦʚ Pseudomonas sp. CBS3 ʠ Pseudomonas sp. DJ-12 

ʚʳʷʚʠʣʦ ʥʠʟʢʠʡ ʫʨʦʚʝʥʴ ʛʦʤʦʣʦʛʠʠ: 58% ʜʣʷ ʛʝʥʦʚ fcbɸ ʠ 65% ʜʣʷ ʛʝʥʦʚ 

fcbʉ (Chae et al., 2000). ɺ ʢʣʘʩʪʝʨʝ fcb-ʛʝʥʦʚ ʰʪʘʤʤʦʚ Hydrogenophaga sp. 

4-CBA ʠ Alcaligenes sp. AL3007 ʛʝʥʳ fcbɸ ʠ fcbʉ ʨʘʟʜʝʣʝʥʳ ʛʝʥʘʤʠ, 

ʥʝ ʫʯʘʩʪʚʫʶʱʠʤʠ ʚ ʨʘʟʣʦʞʝʥʠʠ 4-ʍɹʂ (Xu et al., 2017). ʋʨʦʚʝʥʴ ʩʭʦʜʩʪʚʘ 

ʤʝʞʜʫ fcbɸɺʉ-ʛʝʥʘʤʠ ʰʪʘʤʤʦʚ 4-CBA, AL3007 ʠ DJ-12 ʩʦʩʪʘʚʠʣ 91ï99%. 

ɻʝʥʳ ʜʝʩʪʨʫʢʮʠʠ ʭʣʦʨʙʝʥʟʦʡʥʳʭ ʢʠʩʣʦʪ, ʪʘʢʞʝ, ʢʘʢ ʠ ʛʝʥʳ ʜʝʩʪʨʫʢʮʠʠ 

ʭʣʦʨʙʠʬʝʥʠʣʦʚ, ʤʦʛʫʪ ʠʤʝʪʴ ʭʨʦʤʦʩʦʤʘʣʴʥʫʶ ʠʣʠ ʧʣʘʟʤʠʜʥʫʶ 

ʣʦʢʘʣʠʟʘʮʠʶ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʫ ʰʪʘʤʤʦʚ Pseudomonas sp. B13, P. putida 

AC858, P. cepacia HVC, P. cepacia 2-CBS, Ralstonia eutropha JMP134, 

Alcaligenes eutrophus JMP363, A. eutrophus NH9, Arthrobacter globiformis 

ʂɿʊ-1, Corynebacterium sepedonicum ʂɿ-4 ʛʝʥʳ, ʜʝʪʝʨʤʠʥʠʨʫʶʱʠʝ 

ʨʘʟʣʦʞʝʥʠʝ 2-ʍɹʂ, 3-ʍɹʂ ʠ 4-ʍɹʂ, ʘ ʪʘʢʞʝ ʨʷʜ ʜʠʭʣʦʨʙʝʥʟʦʡʥʳʭ ʢʠʩʣʦʪ, 

ʨʘʩʧʦʣʦʞʝʥʳ ʥʘ D-ʧʣʘʟʤʠʜʘʭ, ʤʦʣʝʢʫʣʷʨʥʘʷ ʤʘʩʩʘ ʢʦʪʦʨʳʭ ʥʘʭʦʜʠʪʩʷ 

ʚ ʜʠʘʧʘʟʦʥʝ 4.7ï120 ʪ.ʧ.ʥ. ʍʨʦʤʦʩʦʤʘʣʴʥʘʷ ʣʦʢʘʣʠʟʘʮʠʷ ʛʝʥʦʚ ʜʝʩʪʨʫʢʮʠʠ 

ʍɹʂ ʦʧʠʩʘʥʘ ʫ ʰʪʘʤʤʦʚ Pseudomonas sp. CBS3, P. putida P111, 

Burkcholderia sp. NK8.  

ʈʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʛʝʥʦʚ, ʦʙʫʩʣʦʚʣʠʚʘʶʱʠʭ ʪʨʘʥʩʬʦʨʤʘʮʠʶ 

ʭʣʦʨʠʨʦʚʘʥʥʳʭ ʙʝʥʟʦʡʥʳʭ ʢʠʩʣʦʪ, ʤʝʞʜʫ ʘʵʨʦʙʥʳʤʠ ʙʘʢʪʝʨʠʷʤʠ ʨʘʟʣʠʯʥʳʭ 
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ʢʦʥʪʠʥʝʥʪʦʚ, ʤʦʞʝʪ ʙʳʪʴ ʩʣʝʜʩʪʚʠʝʤ ʠʭ ʣʦʢʘʣʠʟʘʮʠʠ ʥʘ ʪʨʘʥʩʧʦʟʦʥʘʭ 

(Di Gioia et al., 1998). ʇʦʜʨʦʙʥʦ ʦʧʠʩʘʥʳ ʪʨʘʥʩʧʦʟʦʥʳ Tn5530, Tn5707, 

Tn5271, ʥʘ ʢʦʪʦʨʳʭ ʦʙʥʘʨʫʞʝʥʳ ʛʝʥʳ 3-ʍɹʂ, 4-ʍɹʂ ʠ 3,4-ʍɹʂ. ʂʨʦʤʝ ʪʦʛʦ 

ʧʦʢʘʟʘʥʦ, ʯʪʦ ʫ ʨʷʜʘ ʰʪʘʤʤʦʚ ʨʦʜʦʚ Arthrobacter ʠ Micrococcus, ʛʝʥʳ 

ʜʝʩʪʨʫʢʮʠʠ 4-ʍɹʂ ʨʘʩʧʦʣʦʞʝʥʳ ʤʝʞʜʫ IS-ʵʣʝʤʝʥʪʘʤʠ, ʚʭʦʜʷʱʠʤʠ ʚ ʩʦʩʪʘʚ 

ʭʨʦʤʦʩʦʤʳ (Gartemann, Eichenlab, 2001; Bhatt et al., 2021).  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʨʛʘʥʠʟʘʮʠʷ ʛʝʥʦʚ ʜʝʩʪʨʫʢʮʠʠ ʍɹʂ ʩʧʦʩʦʙʩʪʚʫʝʪ ʠʭ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʶ ʩʨʝʜʠ ʘʵʨʦʙʥʳʭ ʙʘʢʪʝʨʠʡ ʚ ʤʠʢʨʦʙʠʦʮʝʥʦʟʘʭ ʟʘʛʨʷʟʥʝʥʥʳʭ 

ʪʝʨʨʠʪʦʨʠʡ, ʚ ʪʦʤ ʯʠʩʣʝ, ʨʘʩʧʦʣʘʛʘʶʱʠʭʩʷ ʥʘ ʨʘʟʣʠʯʥʳʭ ʢʦʥʪʠʥʝʥʪʘʭ. 

 

1.4. ʇʨʠʤʝʥʝʥʠʝ ʙʘʢʪʝʨʠʡ ʜʣʷ ʦʯʠʩʪʢʠ ʇʍɹ-ʟʘʛʨʷʟʥʝʥʥʳʭ ʧʦʯʚ 

ʇʨʦʠʟʚʦʜʩʪʚʦ ʇʍɹ ʚ ʧʨʦʤʳʰʣʝʥʥʳʭ ʤʘʩʰʪʘʙʘʭ ʠ ʰʠʨʦʢʦʝ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʷʭ ʥʘʨʦʜʥʦʛʦ ʭʦʟʷʡʩʪʚʘ ʧʦʩʣʫʞʠʣʦ 

ʧʨʠʯʠʥʦʡ ʟʘʛʨʷʟʥʝʥʠʷ ʜʘʥʥʳʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ ʦʙʰʠʨʥʳʭ ʪʝʨʨʠʪʦʨʠʡ. 

ʇʨʠʥʠʤʘʷ ʚʦ ʚʥʠʤʘʥʠʝ ʦʩʦʙʫʶ ʦʧʘʩʥʦʩʪʴ ʇʍɹ ʜʣʷ ʞʠʚʳʭ ʦʨʛʘʥʠʟʤʦʚ, 

ʧʨʦʙʣʝʤʘ ʦʯʠʩʪʢʠ ʧʦʯʚ, ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʠ ʜʦʥʥʳʭ 

ʦʪʣʦʞʝʥʠʡ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʘʢʪʠʚʥʦ ʠʩʩʣʝʜʫʝʤʳʭ ʚ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ. 

ɺʳʷʚʣʝʥʳ ʦʩʥʦʚʥʳʝ ʛʨʫʧʧʳ ʧʨʦʮʝʩʩʦʚ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʟʘʜʝʡʩʪʚʦʚʘʥʳ 

ʜʣʷ ʫʥʠʯʪʦʞʝʥʠʷ ʇʍɹ ʚ ʧʨʠʨʦʜʥʳʭ ʦʙʲʝʢʪʘʭ (ʨʠʩʫʥʦʢ 19). 

ɸʥʘʣʠʟ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ ʧʦʢʘʟʘʣ, ʯʪʦ 

ʚ ʝʩʪʝʩʪʚʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʨʘʟʣʦʞʝʥʠʝ ʇʍɹ ʧʨʦʪʝʢʘʝʪ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʭ ʠ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ, ʦʜʥʘʢʦ ʵʪʦʪ ʧʨʦʮʝʩʩ ʦʯʝʥʴ 

ʜʣʠʪʝʣʴʥʳʡ ʚʦ ʚʨʝʤʝʥʠ ʠ, ʧʦ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ, ʥʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʣʥʦʝ 

ʨʘʟʣʦʞʝʥʠʝ ʟʘʛʨʷʟʥʠʪʝʣʷ. ʈʘʟʨʘʙʦʪʘʥʥʳʝ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʪʝʭʥʦʣʦʛʠʠ 

ʧʦʟʚʦʣʷʶʪ ʜʦʩʪʠʯʴ 99.9% ʜʝʩʪʨʫʢʮʠʠ ʇʍɹ, ʥʦ ʧʨʠ ʵʪʦʤ ʦʥʠ ʵʥʝʨʛʦ- ʠ 

ʵʢʦʥʦʤʠʯʝʩʢʠ ʟʘʪʨʘʪʥʳ, ʘ ʪʘʢʞʝ ʧʨʠʚʦʜʷʪ ʢ ʨʘʟʨʫʰʝʥʠʶ ʦʯʠʱʘʝʤʦʛʦ 

ʩʫʙʩʪʨʘʪʘ (ʧʦʯʚʳ, ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ), ʧʨʠ ʵʪʦʤ ʤʦʛʫʪ ʚʳʜʝʣʷʪʴʩʷ 

ʪʦʢʩʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ. 
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ʈʠʩʫʥʦʢ 19 ï ʆʩʥʦʚʥʳʝ ʛʨʫʧʧʳ ʧʨʦʮʝʩʩʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʜʣʷ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʇʍɹ-ʟʘʛʨʷʟʥʝʥʥʳʭ ʪʝʨʨʠʪʦʨʠʡ (Ġr®dlov§, Cajthaml, 2022) 

ɹʠʦʨʝʤʝʜʠʘʮʠʷ ʷʚʣʷʝʪʩʷ ʵʢʦʣʦʛʠʯʝʩʢʠ ʙʝʟʦʧʘʩʥʳʤ ʤʝʪʦʜʦʤ ʦʯʠʩʪʢʠ 

ʧʦʯʚ ʦʪ ʇʍɹ. ʉ ʧʦʟʠʮʠʡ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʟʘʪʨʘʪ ʜʘʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʥʘʠʙʦʣʝʝ 

ʚʳʛʦʜʥʳ. ʆʜʥʘʢʦ ʝʩʪʴ ʥʝʜʦʩʪʘʪʢʠ ï ʧʨʦʮʝʩʩ ʨʝʤʝʜʠʘʮʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʤʝʜʣʝʥʥʳʡ (ʤʦʞʝʪ ʟʘʥʠʤʘʪʴ ʦʪ ʥʝʩʢʦʣʴʢʠʭ ʤʝʩʷʮʝʚ ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʣʝʪ) ʠ 

ʨʘʟʨʫʰʝʥʠʶ ʧʦʜʚʝʨʛʘʶʪʩʷ ʥʝ ʚʩʝ ʢʦʥʛʝʥʝʨʳ ʇʍɹ. ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ 

ʧʦʷʚʣʷʶʪʩʷ ʩʦʦʙʱʝʥʠʷ ʦ ʧʨʠʤʝʥʝʥʠʠ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʭ ʤʝʪʦʜʦʚ (ʩʦʨʙʮʠʷ 

ʇʍɹ + ʙʘʢʪʝʨʠʘʣʴʥʘʷ ʜʝʩʪʨʫʢʮʠʷ, ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʧʦʯʚ ʧʝʨʝʜ 

ʙʠʦʘʫʛʤʝʥʪʘʮʠʝʡ ʠ ʜʨ.). ʆʜʥʘʢʦ ʵʪʠ ʤʝʪʦʜʳ ʝʱʝ ʥʝʜʦʩʪʘʪʦʯʥʦ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʠ ʥʘʭʦʜʷʪʩʷ ʚ ʩʪʘʜʠʠ ʠʟʫʯʝʥʠʷ (Passatore et al., 2014; Valizadeh et al., 2021; 

Ġr®dlov§, Cajthaml, 2022). 

ʆʩʥʦʚʳʚʘʷʩʴ ʥʘ ʨʝʟʫʣʴʪʘʪʘʭ ʧʨʦʚʝʜʝʥʥʦʛʦ ʘʥʘʣʠʟʘ, ʤʦʞʥʦ ʟʘʢʣʶʯʠʪʴ, 

ʯʪʦ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʠ ʵʬʬʝʢʪʠʚʥʳʤ ʧʦʜʭʦʜʦʤ ʚ ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ 

ʇʍɹ-ʟʘʛʨʷʟʥʝʥʥʳʭ ʧʦʯʚ ʷʚʣʷʝʪʩʷ ʙʠʦʨʝʤʝʜʠʘʮʠʷ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʙʘʢʪʝʨʠʘʣʴʥʳʭ ʰʪʘʤʤʦʚ. ʇʨʦʮʝʩʩ ʙʠʦʨʝʤʝʜʠʘʮʠʠ ʧʦʯʚ ʚ ʝʩʪʝʩʪʚʝʥʥʳʭ 

ʫʩʣʦʚʠʷʭ ʦʙʫʩʣʦʚʣʝʥ ʘʢʪʠʚʥʦʩʪʴʶ ʘʥʘʵʨʦʙʥʳʭ ʠ ʘʵʨʦʙʥʳʭ ʙʘʢʪʝʨʠʡ. 

ɸʥʘʵʨʦʙʥʦʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʇʍɹ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʢʦʣʠʯʝʩʪʚʘ 

ʟʘʤʝʩʪʠʪʝʣʝʡ ʚ ʤʦʣʝʢʫʣʝ ʭʣʦʨʙʠʬʝʥʠʣʘ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʥʠʞʝʥʠʶ 
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ʜʠʦʢʩʠʥ-ʧʦʜʦʙʥʦʡ ʪʦʢʩʠʯʥʦʩʪʠ ʢʦʥʛʝʥʝʨʦʚ ʇʍɹ ʠ ʧʦʚʳʰʘʝʪ ʠʭ 

ʙʠʦʜʦʩʪʫʧʥʦʩʪʴ ʜʣʷ ʘʵʨʦʙʥʳʭ ʙʘʢʪʝʨʠʡ. ʆʯʠʩʪʢʘ ʧʦʯʚ ʦʪ ʇʍɹ ʤʦʞʝʪ ʙʳʪʴ 

ʦʙʝʩʧʝʯʝʥʘ ʪʦʣʴʢʦ ʧʨʠʤʝʥʝʥʠʝʤ ʘʵʨʦʙʥʳʭ ʙʘʢʪʝʨʠʡ, ʪʘʢ ʢʘʢ ʚ ʘʵʨʦʙʥʦʤ 

ʤʝʪʘʙʦʣʠʟʤʝ ʧʨʦʠʩʭʦʜʠʪ ʨʘʩʱʝʧʣʝʥʠʝ ʤʦʣʝʢʫʣʳ ʜʦ ʥʝ ʪʦʢʩʠʯʥʳʭ ʠʣʠ ʤʝʥʝʝ 

ʪʦʢʩʠʯʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʪʦʛʜʘ ʢʘʢ ʚ ʘʥʘʵʨʦʙʥʳʭ ʫʩʣʦʚʠʷʭ ʧʨʦʠʩʭʦʜʠʪ 

ʩʥʠʞʝʥʠʝ ʩʝʪʧʝʥʠ ʭʣʦʨʠʨʦʚʘʥʠʷ ʙʝʟ ʨʘʩʱʝʧʣʝʥʠʷ ʤʦʣʝʢʫʣʳ (Passatore et al., 

2014; Valizadeh et al., 2021). 

ʆʩʥʦʚʥʳʤʠ ʥʘʧʨʘʚʣʝʥʠʷʤʠ ʙʠʦʨʝʤʝʜʠʘʮʠʠ ʇʍɹ-ʟʘʛʨʷʟʥʝʥʥʳʭ ʧʦʯʚ 

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʘʙʦʣʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʙʘʢʪʝʨʠʘʣʴʥʳʭ ʰʪʘʤʤʦʚ 

ʷʚʣʷʶʪʩʷ ʙʠʦʩʪʠʤʫʣʷʮʠʷ ʠ ʙʠʦʘʫʛʤʝʥʪʘʮʠʷ. 

ʇʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʦʚ ʙʠʦʩʪʠʤʫʣʷʮʠʠ (ʚʥʝʩʝʥʠʝ ʘʟʦʪʘ, ʣʘʢʪʘʪʘ, 

ʠʥʢʫʙʘʮʠʷ ʚ ʘʥʘʵʨʦʙʥʳʭ ʫʩʣʦʚʠʷʭ) ʧʦʟʚʦʣʠʣʦ ʩʥʠʟʠʪʴ ʢʦʥʮʝʥʪʨʘʮʠʶ ʚʳʩʦʢʦ 

ʭʣʦʨʠʨʦʚʘʥʥʳʭ ʢʦʥʛʝʥʝʨʦʚ ʇʍɹ ʠ ʜʦʩʪʠʯʴ 32ï62% ʜʝʩʪʨʫʢʮʠʠ ʇʍɹ, 

ʧʨʠʩʫʪʩʪʚʦʚʘʚʰʠʭ ʚ ʧʦʯʚʝ ʠ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʷʭ (Chun et al., 2013; Lehtinen 

et al., 2014; Song et al., 2015; Ewald et al., 2020; Matturo et al., 2020). 

ɺ ʨʘʤʢʘʭ ʤʝʪʦʜʦʚ ʙʠʦʘʫʛʤʝʥʪʘʮʠʠ ʧʨʠʤʝʥʷʶʪ ʚʥʝʩʝʥʠʝ ʚ ʧʦʯʚʫ ʢʘʢ 

ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʰʪʘʤʤʦʚ, ʪʘʢ ʠ ʠʭ ʩʦʦʙʱʝʩʪʚ. ʇʨʠ ʵʪʦʤ ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ 

ʨʠʩʢʠ ʚʥʝʩʝʥʠʷ ʥʦʚʳʭ ʚʠʜʦʚ ʚ ʩʣʦʞʠʚʰʠʡʩʷ ʤʠʢʨʦʙʠʦʮʝʥʦʟ (Passatore et al., 

2014). ʆʜʥʠʤ ʠʟ ʧʦʜʭʦʜʦʚ ʢ ʩʥʠʞʝʥʠʶ ʜʘʥʥʳʭ ʨʠʩʢʦʚ ʷʚʣʷʝʪʩʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʰʪʘʤʤʦʚ, ʨʘʥʝʝ ʚʳʜʝʣʝʥʥʳʭ ʠʟ ʟʘʛʨʷʟʥʝʥʥʳʭ ʧʦʯʚ. 

ʆʜʥʠʤʠ ʠʟ ʧʝʨʚʳʭ ʩʦʦʙʱʝʥʠʡ ʦʙ ʵʬʬʝʢʪʠʚʥʦʤ ʧʨʠʤʝʥʝʥʠʠ ʜʣʷ 

ʦʯʠʩʪʢʠ ʧʦʯʚ ʦʪ ʇʍɹ ʷʚʣʷʶʪʩʷ ʧʘʪʝʥʪʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʰʪʘʤʤʦʚ 

B. xenovorans LB400 ʠ Alcaligenes eutrophus H850 (ʧʘʪʝʥʪ ʉʐɸ ˉ 4843007, 

ˉ 4843009, ̄  4876201, ˉ 5009999). ɺʥʝʩʝʥʠʝ ʜʘʥʥʳʭ ʰʪʘʤʤʦʚ ʚ ʧʦʯʚʫ, 

ʩʦʜʝʨʞʘʱʫʶ 50 ppm Aroclor 1242, 500 ppm Aroclor 1242 ʠʣʠ 50 ppm Aroclor 

1254, ʧʨʠʚʦʜʠʣʦ ʢ ʩʥʠʞʝʥʠʶ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʤʝʩʝʡ ʇʍɹ ʥʘ 43ï85%. 

ʅʘʠʣʫʯʰʠʝ ʧʦʢʘʟʘʪʝʣʠ ʦʪʤʝʯʝʥʳ ʧʨʠ ʠʩʭʦʜʥʦʤ ʫʨʦʚʥʝ ʟʘʛʨʷʟʥʝʥʠʷ ʚ 50 ppm 

Aroclor 1242.  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʥʝʩʝʥʠʷ ʚ ʧʦʯʚʫ, ʩʦʜʝʨʞʘʱʫʶ 100 ʤʛ Aroclor 1242/ ʛ 

ʧʦʯʚʳ, ʰʪʘʤʤʘ Arthrobacter sp. B1B ʯʝʨʝʟ 9 ʩʫʪ ʧʨʦʠʩʭʦʜʠʣʦ ʩʥʠʞʝʥʠʝ 
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ʢʦʥʮʝʥʪʨʘʮʠʠ ʜʠʭʣʦʨʙʠʬʝʥʠʣʦʚ ʥʘ 88%, ʪʨʠʭʣʦʨʙʠʬʝʥʠʣʦʚ ʥʘ 40%, 

ʪʝʪʨʘʭʣʦʨʙʠʬʝʥʠʣʦʚ ʥʘ 11% ʠ ʧʝʥʪʘʭʣʦʨʙʠʬʝʥʠʣʦʚ ʥʘ 3%. ɺ ʩʣʫʯʘʝ, ʝʩʣʠ 

ʧʦʯʚʘ ʙʳʣʘ ʟʘʛʨʷʟʥʝʥʘ ʇʍɹ 2, ʇʍɹ 3 ʠ ʇʍɹ 8 ʚ ʢʦʥʮʝʥʪʨʘʮʠʷʭ, 

ʩʦʧʦʩʪʘʚʠʤʳʭ ʩ ʫʢʘʟʘʥʥʦʡ ʚʳʰʝ (100 ʤʛ/ʛ ʧʦʯʚʳ), ʚʥʝʩʝʥʠʝ ʰʪʘʤʤʘ 

Cupriavidus necator JMS34 ʦʙʫʩʣʦʚʣʠʚʘʣʦ ʩʥʠʞʝʥʠʝ ʫʨʦʚʥʷ ʟʘʛʨʷʟʥʝʥʠʷ 

ʥʘ 99%, ʘ ʰʪʘʤʤʘ B. xenovorans LB400 ï ʥʘ 85% (ʧʘʪʝʥʪ ʉʐɸ ˉ 7989194). 

ʈʦʩʩʠʡʩʢʠʤ ʘʛʝʥʪʩʪʚʦʤ ʧʦ ʧʘʪʝʥʪʘʤ ʠ ʪʦʚʘʨʥʳʤ ʟʥʘʢʘʤ ʚʳʜʘʥ ʧʘʪʝʥʪ 

ʥʘ ʰʪʘʤʤ Alcaligenes latus ʊʍɼ-13, ʚʥʝʩʝʥʠʝ ʢʦʪʦʨʦʛʦ ʚ ʧʦʯʚʫ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʩʥʠʞʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʇʍɹ ʥʘ 35ï50% ʧʨʠ ʥʘʯʘʣʴʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʟʘʛʨʷʟʥʠʪʝʣʷ 52.3ï70.2 ʤʛ/ʢʛ ʧʦʯʚʳ (ʧʘʪʝʥʪ ʈʌ 2155804 ʉ1). ɾʘʨʠʢʦʚ 

ʩ ʢʦʣʣʝʛʘʤʠ (2013) ʩʦʦʙʱʘʝʪ ʦʙ ʵʬʬʝʢʪʠʚʥʦʡ ʙʠʦʘʫʛʤʝʥʪʘʮʠʠ ʜʚʫʭ ʰʪʘʤʤʦʚ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʚ ʧʦʯʚʫ ʛ. ʉʝʨʧʫʭʦʚ. ʅʘ ʪʝʨʨʠʪʦʨʠʠ ʟʘʚʦʜʘ çʂʦʥʜʝʥʩʘʪʦʨè 

ʩʪʝʧʝʥʴ ʨʘʟʣʦʞʝʥʠʷ ʇʍɹ ʩʦʩʪʘʚʠʣʘ 90% (ʢʦʥʮʝʥʪʨʘʮʠʷ ʩʥʠʟʠʣʘʩʴ ʩ 1600 

ʜʦ 160 ʤʛ/ʢʛ), ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʩʢʚʝʨʘ ʢʦʥʮʝʥʪʨʘʮʠʷ ʇʍɹ ʩʥʠʟʠʣʘʩʴ ʩ 

12-14 ʤʛ/ʢʛ ʜʦ 0.1 ʤʛ/ʢʛ, ʘ ʚ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʧʦʯʚʘʭ, ʟʘʛʨʷʟʥʝʥʥʳʭ 

ʚʳʩʦʢʦʭʣʦʨʠʨʦʚʘʥʥʳʤʠ ʙʠʬʝʥʠʣʘʤʠ, ʥʘ ʫʯʘʩʪʢʝ ʚ 1 ʛʘ ʫʜʘʣʦʩʴ ʜʦʩʪʠʯʴ 

ʩʥʠʞʝʥʠʝ ʇʍɹ ʥʘ 80ï90 % (ɾʘʨʠʢʦʚ ʠ ʜʨ., 2013). 

ʇʨʠʤʝʥʝʥʠʝ ʙʘʢʪʝʨʠʘʣʴʥʳʭ ʢʦʥʩʦʨʮʠʫʤʦʚ ʧʦʟʚʦʣʷʝʪ ʵʬʬʝʢʪʠʚʥʦ 

ʚʦʩʩʪʘʥʘʚʣʠʚʘʪʴ ʇʍɹ-ʟʘʛʨʷʟʥʝʥʥʳʝ ʧʦʯʚʳ. ʉʦʚʤʝʩʪʥʦʝ ʚʥʝʩʝʥʠʝ ʪʨʝʭ 

ʘʵʨʦʙʥʳʭ ʙʘʢʪʝʨʠʡ (Mycolicibacterium frederiksbergense IN53, Rhodococcus 

erythropolis IN129, Rhodococcus sp. IN306) ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʇʍɹ ʚ ʧʦʯʚʝ ʯʝʨʝʟ 6 ʤʝʩʷʮʝʚ ʥʘ 84.5%, ʚ ʪʦʤ ʯʠʩʣʝ ï ʥʘ 58.6% 

ʇʍɹ 180 (Steliga et al., 2020). ɹʣʠʟʢʠʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʣʫʯʝʥʳ ʚ ʩʣʫʯʘʝ 

ʧʨʠʤʝʥʝʥʠʷ ʰʪʘʤʤʦʚ ʨʦʜʦʚ Rhodococcus ʠ Achromobacter (Horv§thov§ et al., 

2018). 

ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʙʠʦʘʫʛʤʝʥʪʘʮʠʠ, ʘ ʪʘʢʞʝ ʫʣʫʯʰʝʥʠʷ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʚʥʦʩʠʤʳʭ ʙʠʦʧʨʝʧʘʨʘʪʦʚ, ʧʨʝʜʣʘʛʘʝʪʩʷ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʥʦʩʠʪʝʣʝʡ ʨʘʟʣʠʯʥʳʝ ʦʨʛʘʥʠʯʝʩʢʠʝ ʤʘʪʝʨʠʘʣʳ, 

ʘ ʪʘʢʞʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʚʥʦʩʠʪʴ ʚ ʧʦʯʚʫ ʩʫʨʬʘʢʪʘʥʪʳ ʠ ʜʨʫʛʠʝ ʩʦʝʜʠʥʝʥʠʷ, 

ʧʦʚʳʰʘʶʱʠʝ ʙʠʦʜʦʩʪʫʧʥʦʩʪʴ ʇʍɹ (Passatore et al., 2014; Valizadeh et al., 
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2021; Ġr®dlov§, Cajthaml, 2022). ɺʥʝʩʝʥʠʝ ʩʫʨʬʘʢʪʘʥʪʦʚ çSaponinè ʠ 

çRhamnolipids R-90è ʧʨʠ ʙʠʦʘʫʛʤʝʥʪʘʮʠʠ ʰʪʘʤʤʘ Achromobacter 

xylosoxidans ʧʨʠʚʦʜʠʣʦ ʢ ʧʦʚʳʰʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʫʜʘʣʝʥʠʷ ʇʍɹ ʩ 30% 

ʜʦ 55% ʠ 60% ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (L§szlov§ et al., 2018). ɺ ʢʘʯʝʩʪʚʝ ʥʦʩʠʪʝʣʝʡ 

ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʘʣʴʛʠʥʘʪʥʳʡ ʛʝʣʴ, ʛʨʘʥʫʣʠʨʦʚʘʥʥʳʡ 

ʘʢʪʠʚʠʨʦʚʘʥʥʳʡ ʫʛʦʣʴ, ʙʠʦʫʛʦʣʴ (biochar) (Sowers, May, 2013; Valizadeh et 

al., 2021; Ouyang et al., 2021). ʇʦʢʘʟʘʥʦ, ʯʪʦ ʠʤʤʦʙʠʣʠʟʘʮʠʷ ʙʘʢʪʝʨʠʘʣʴʥʦʛʦ 

ʢʦʥʩʦʨʮʠʫʤʘ GYB1 ʚ ʘʣʴʛʠʥʘʪʥʳʭ ʛʨʘʥʫʣʘʭ ʩʥʠʞʘʝʪ ʚʨʝʤʷ ʧʦʣʫʨʘʟʣʦʞʝʥʠʷ 

ʇʍɹ 118 ʩ 8.14 ʜʦ 3.79 ʜʥʝʡ (Ouyang et al., 2021). ɺʥʝʩʝʥʠʝ ʙʠʦʫʛʣʷ, 

ʧʦʣʫʯʝʥʥʦʛʦ ʠʟ ʙʘʤʙʫʢʘ, ʩʦʚʤʝʩʪʥʦ ʩ ʙʘʢʪʝʨʠʘʣʴʥʳʤ ʩʦʦʙʱʝʩʪʚʦʤ 

ʧʨʠʚʦʜʠʣʦ ʢ ʩʥʠʞʝʥʠʶ ʢʦʥʮʝʥʪʨʘʮʠʠ ʇʍɹ ʚ ʧʦʯʚʝ ʥʘ 65.68ï78.93% 

ʧʨʠ ʥʘʯʘʣʴʥʦʤ ʩʦʜʝʨʞʘʥʠʠ 60 ʤʛ Aroclor 1242 /ʢʛ ʧʦʯʚʳ (Huang et al., 2018). 

ʉʦʯʝʪʘʥʠʝ ʙʠʦʩʪʠʤʫʣʷʮʠʠ ʠ ʙʠʦʘʫʛʤʝʥʪʘʮʠʠ ʪʘʢʞʝ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʚ ʪʝʭʥʦʣʦʛʠʷʭ ʙʠʦʨʝʤʝʜʠʘʮʠʠ ʇʍɹ-ʟʘʛʨʷʟʥʝʥʥʳʭ ʧʦʯʚ. ʆʜʥʠʤ ʠʟ ʧʨʠʤʝʨʦʚ 

ʨʝʘʣʠʟʘʮʠʠ ʜʘʥʥʦʛʦ ʧʦʜʭʦʜʘ ʷʚʣʷʝʪʩʷ ʦʯʠʩʪʢʘ ʧʦʯʚʳ ʩ ʨʘʟʥʳʤ ʫʨʦʚʥʝʤ 

ʟʘʛʨʷʟʥʝʥʠʷ ʇʍɹ (127 ʤʢʛ/ʛ ʠ 484 ʤʢʛ/ʛ). ɺʥʝʩʝʥʠʝ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ 

ʩʦʚʤʝʩʪʥʦ ʩ ʯʝʪʳʨʴʤʷ ʙʘʢʪʝʨʠʘʣʴʥʳʤʠ ʰʪʘʤʤʘʤʠ, ʦʙʫʩʣʦʚʣʠʚʘʣʦ 

ʜʝʛʨʘʜʘʮʠʶ 58% ʠ 60.8% ʇʍɹ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (Cervantes-Gonzales et al., 

2019). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʟʨʘʙʦʪʢʘ ʪʝʭʥʦʣʦʛʠʡ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʇʍɹ-

ʟʘʛʨʷʟʥʝʥʥʳʭ ʧʦʯʚ ʥʘ ʦʩʥʦʚʝ ʙʘʢʪʝʨʠʘʣʴʥʳʭ ʰʪʘʤʤʦʚ ʷʚʣʷʝʪʩʷ ʚ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ ʘʢʪʫʘʣʴʥʳʤ ʠ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʜʣʷ ʨʝʰʝʥʠʷ ʚʦʧʨʦʩʦʚ 

ʩʦʭʨʘʥʝʥʠʷ ʙʝʟʦʧʘʩʥʳʭ ʫʩʣʦʚʠʡ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. 

 

ɿʘʢʣʶʯʝʥʠʝ ʧʦ ʛʣʘʚʝ 1  

ɸʥʘʣʠʟ ʜʘʥʥʳʭ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʳʷʚʠʣ ʚʳʩʦʢʠʡ 

ʠʥʪʝʨʝʩ ʢ ʧʨʦʙʣʝʤʝ ʦʙʝʟʚʨʝʞʠʚʘʥʠʷ ʧʦʣʠʭʣʦʨʠʨʦʚʘʥʥʳʭ ʙʠʬʝʥʠʣʦʚ, 

ʚʭʦʜʷʱʠʭ ʚ ʧʝʨʝʯʝʥʴ ʩʪʦʡʢʠʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʟʘʛʨʷʟʥʠʪʝʣʝʡ (ʉʆɿ) (ɻʦʨʙʫʥʦʚʘ 

ʠ ʜʨ., 2011; Final act..., 2001; Negreet-Bolagay et al., 2021). ʆʩʪʨʫʶ 

ʘʢʪʫʘʣʴʥʦʩʪʴ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ ʧʦʜʪʚʝʨʞʜʘʝʪ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʉʪʦʢʛʦʣʴʤʩʢʘʷ 
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ʢʦʥʚʝʥʮʠʷ, ʨʝʛʣʘʤʝʥʪʠʨʫʶʱʘʷ ʩʧʠʩʦʢ ʉʆɿ ʠ ʧʨʦʮʝʜʫʨʳ ʦʙʨʘʱʝʥʠʷ ʩ 

ʚʝʱʝʩʪʚʘʤʠ ʜʘʥʥʦʡ ʛʨʫʧʧʳ, ʨʘʪʠʬʠʮʠʨʦʚʘʥʘ 185 ʩʪʨʘʥʘʤʠ 

(http://chm.pops.int/Countries/StatusofRatifications/PartiesandSignatoires/tabid/45

00/Default.aspx).   

ʅʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʧʦʜʭʦʜʦʤ ʜʣʷ ʨʝʰʝʥʠʷ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ 

ʷʚʣʷʝʪʩʷ ʜʝʩʪʨʫʢʮʠʷ ʇʍɹ ʧʨʠ ʫʯʘʩʪʠʠ ʘʵʨʦʙʥʳʭ ʙʘʢʪʝʨʠʡ (ɻʦʨʙʫʥʦʚʘ ʠ ʜʨ., 

2011; Elangovan et al., 2019; Negreet-Bolagay et al., 2021). ɻʣʦʙʘʣʴʥʘʷ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʩʪʴ ʇʍɹ ʦʙʫʩʣʦʚʣʠʚʘʝʪ ʥʝʛʘʪʠʚʥʦʝ ʜʘʚʣʝʥʠʝ ʥʘ ʙʠʦʮʝʥʦʟʳ 

ʢʘʢ ʚ ʨʝʛʠʦʥʘʭ ʩ ʨʘʟʚʠʪʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴʶ, ʪʘʢ ʠ ʥʘ ʪʝʨʨʠʪʦʨʠʷʭ, 

ʫʜʘʣʝʥʥʳʭ ʦʪ ʪʝʭʥʦʛʝʥʥʳʭ ʚʦʟʜʝʡʩʪʚʠʡ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʷʤ 

ʚ ʩʦʩʪʘʚʝ ʤʠʢʨʦʙʠʦʮʝʥʦʟʦʚ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʫʚʝʣʠʯʝʥʠʝ ʜʦʣʠ ʙʘʢʪʝʨʠʡ, 

ʦʩʫʱʝʩʪʚʣʷʶʱʠʭ ʪʨʘʥʩʬʦʨʤʘʮʠʶ/ʜʝʩʪʨʫʢʮʠʶ ʇʍɹ. ɸʥʘʣʠʟ ʤʝʩʪ ʚʳʜʝʣʝʥʠʷ 

ʙʘʢʪʝʨʠʡ-ʜʝʩʪʨʫʢʪʦʨʦʚ ʇʍɹ ʧʦʢʘʟʘʣ, ʯʪʦ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʵʢʦʪʦʧʳ 

ʙʳʣʠ ʟʘʛʨʷʟʥʝʥʳ ʧʦʣʠʭʣʦʨʙʠʬʝʥʠʣʘʤʠ, ʘ ʛʝʦʛʨʘʬʠʷ ʦʭʚʘʪʳʚʘʝʪ ʚʩʝ 

ʢʦʥʪʠʥʝʥʪʳ (ɼʝʤʠʥ, 2013; ʊʨʝʛʝʨ, 2013; Zhang et al., 2014; Zhou et al., 2014, 

Zhu et al., 2020; Negret-Bolagay et al., 2021). ʆʜʥʘʢʦ, ʦʩʪʘʝʪʩʷ ʦʪʢʨʳʪʳʤ 

ʚʦʧʨʦʩ ʚʩʪʨʝʯʘʝʤʦʩʪʠ ʙʘʢʪʝʨʠʡ ʩ ʇʍɹ-ʜʝʛʨʘʜʘʪʠʚʥʳʤ ʧʦʪʝʥʮʠʘʣʦʤ 

ʚ ʥʝʟʘʛʨʷʟʥʝʥʥʳʭ ʧʦʯʚʘʭ, ʣʠʙʦ ʚ ʧʦʯʚʘʭ, ʩʦʜʝʨʞʘʱʠʭ ʭʣʦʨʦʨʛʘʥʠʯʝʩʢʠʝ 

ʧʦʣʣʶʪʘʥʪʳ, ʦʪʣʠʯʥʦʛʦ ʦʪ ʇʍɹ ʭʠʤʠʯʝʩʢʦʛʦ ʩʪʨʦʝʥʠʷ. ʅʝʩʤʦʪʨʷ 

ʥʘ ʤʘʩʰʪʘʙʥʦʩʪʴ ʧʨʦʚʦʜʠʤʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʧʦʠʩʢʫ, ʚʳʜʝʣʝʥʠʶ ʠ 

ʠʟʫʯʝʥʠʶ ʇʍɹ-ʜʝʛʨʘʜʠʨʫʶʱʠʭ ʙʘʢʪʝʨʠʡ, ʪʝʨʨʠʪʦʨʠʷ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ 

ʠʤʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʦʭʚʘʯʝʥʘ.  

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʦʧʠʩʘʥʥʳʝ ʚ ʣʠʪʝʨʘʪʫʨʝ ʰʪʘʤʤʳ-ʜʝʩʪʨʫʢʪʦʨʳ 

ʇʍɹ ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʶʪʩʷ ʩʧʝʢʪʨʦʤ ʨʘʟʣʘʛʘʝʤʳʭ ʢʦʥʛʝʥʝʨʦʚ 

ʭʣʦʨʙʠʬʝʥʠʣʦʚ (ʚʩʝʛʦ ʩʫʱʝʩʪʚʫʝʪ 209 ʢʦʥʛʝʥʝʨʦʚ ʇʍɹ, ʦʪʣʠʯʘʶʱʠʭʩʷ 

ʢʦʣʠʯʝʩʪʚʦʤ ʠ ʧʦʣʦʞʝʥʠʝʤ ʟʘʤʝʩʪʠʪʝʣʝʡ ʚ ʤʦʣʝʢʫʣʝ) (Hou, Dutta, 2000; 

Pieper, Seeger, 2008; Cao et al., 2011; Ponce et al., 2011; Colbert et al., 2013; 

Somaraja et al., 2013; Liang et al., 2014; Nam et al., 2014; Ilori  et al., 2015; Hu et 

al., 2015; Atago et al., 2016; Shuai et al., 2016; Kour et al., 2019). ɺʳʷʚʣʝʥʘ 

ʦʩʥʦʚʥʘʷ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ ï ʥʘʠʙʦʣʝʝ ʜʦʩʪʫʧʥʳʤʠ ʜʣʷ ʘʵʨʦʙʥʳʭ ʙʘʢʪʝʨʠʡ 

http://chm.pops.int/Countries/StatusofRatifications/PartiesandSignatoires/tabid/4500/Default.aspx
http://chm.pops.int/Countries/StatusofRatifications/PartiesandSignatoires/tabid/4500/Default.aspx
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ʷʚʣʷʶʪʩʷ ʭʣʦʨʙʠʬʝʥʠʣʳ, ʩʦʜʝʨʞʘʱʠʝ ʦʪ 1 ʜʦ 4 ʘʪʦʤʦʚ ʭʣʦʨʘ ʚ ʤʦʣʝʢʫʣʝ, 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ ʦʨʪʦ- ʠʣʠ ʤʝʪʘ-ʧʦʣʦʞʝʥʠʠ. ʆʧʠʩʘʥʦ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʰʪʘʤʤʦʚ, ʩʧʦʩʦʙʥʳʭ ʨʘʟʣʘʛʘʪʴ ʢʦʥʛʝʥʝʨʳ ʇʍɹ ʩ ʢʦʣʠʯʝʩʪʚʦʤ 

ʟʘʤʝʩʪʠʪʝʣʝʡ ʙʦʣʝʝ 5, ʘ ʪʘʢʞʝ ʥʝʩʫʱʠʭ ʘʪʦʤʳ ʭʣʦʨʘ ʚ ʧʘʨʘ-ʧʦʣʦʞʝʥʠʠ 

(Bedard et al.,1987; Furukawa, 2000; Goris et al., 2004; De et al., 2006; Ilori et 

al., 2008; Bako et al., 2021). ʆʜʥʘʢʦ, ʇʍɹ ʧʨʦʠʟʚʦʜʠʣʠʩʴ ʠ ʧʨʠʤʝʥʷʣʠʩʴ 

ʚ ʚʠʜʝ ʩʤʝʩʝʡ, ʦʩʥʦʚʥʫʶ ʜʦʣʶ ʚ ʢʦʪʦʨʳʭ ʩʦʩʪʘʚʣʷʣʠ ʚʳʩʦʢʦʭʣʦʨʠʨʦʚʘʥʥʳʝ 

ʢʦʥʛʝʥʝʨʳ (ʂʠʨʠʯʝʥʢʦ ʠ ʜʨ., 2000; ʊʨʝʛʝʨ, 2013; ʇʝʨʚʦʚʘ ʠ ʜʨ., 2015; Erikson, 

Kaley II , 2011). ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʩʫʱʝʩʪʚʫʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʦʠʩʢʘ 

ʙʘʢʪʝʨʠʘʣʴʥʳʭ ʰʪʘʤʤʦʚ, ʦʩʫʱʝʩʪʚʣʷʶʱʠʭ ʨʘʟʣʦʞʝʥʠʝ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ 

ʇʍɹ, ʚ ʪʦʤ ʯʠʩʣʝ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʩʦʩʪʘʚʝ ʢʦʤʤʝʨʯʝʩʢʠʭ ʩʤʝʩʝʡ. 

ɸʜʘʧʪʘʮʠʷ ʘʵʨʦʙʥʳʭ ʙʘʢʪʝʨʠʡ ʢ ʇʍɹ-ʟʘʛʨʷʟʥʝʥʠʶ ʧʨʠʚʝʣʘ ʢ ʵʚʦʣʶʮʠʠ 

ʤʝʪʘʙʦʣʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ. ʈʘʟʣʦʞʝʥʠʝ ʇʍɹ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦʜ ʜʝʡʩʪʚʠʝʤ 

ʬʝʨʤʝʥʪʥʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʦʙʫʩʣʦʚʣʠʚʘʶʱʝʛʦ ʧʦʵʪʘʧʥʦʝ ʦʢʠʩʣʝʥʠʝ 

ʘʨʦʤʘʪʠʯʝʩʢʦʛʦ ʢʦʣʴʮʘ. ɺ ʦʩʥʦʚʝ ʣʝʞʠʪ ʙʠʦʭʠʤʠʯʝʩʢʠʡ ʧʫʪʴ ʪʨʘʥʩʬʦʨʤʘʮʠʠ 

ʥʝʟʘʤʝʱʝʥʥʦʛʦ ʙʠʬʝʥʠʣʘ (Parales, Resnick, 2006; Fukuda, 2014; Agull· et al., 

2019). ʂʣʶʯʝʚʳʤ ʬʝʨʤʝʥʪʦʤ ʧʝʨʚʠʯʥʦʡ ʘʪʘʢʠ ʥʘ ʤʦʣʝʢʫʣʫ ʇʍɹ ʷʚʣʷʝʪʩʷ 

ʙʠʬʝʥʠʣ 2,3-ʜʠʦʢʩʠʛʝʥʘʟʘ (ɼʆ) (Elangovan et al., 2019). ʅʘ ʩʦʚʨʝʤʝʥʥʦʤ 

ʵʪʘʧʝ ʫʩʪʘʥʦʚʣʝʥʘ ʦʙʱʘʷ ʩʪʨʫʢʪʫʨʘ ʙʠʬʝʥʠʣ 2,3-ɼʆ, ʚʳʷʚʣʝʥʦ ʨʘʩʧʦʣʦʞʝʥʠʝ 

ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʮʝʥʪʨʘ, ʘ ʪʘʢʞʝ ʚʟʘʠʤʦʩʚʷʟʴ ʤʝʞʜʫ ʩʪʨʦʝʥʠʝʤ ʘʢʪʠʚʥʦʛʦ 

ʮʝʥʪʨʘ ʬʝʨʤʝʥʪʘ ʠ ʩʧʝʢʪʨʦʤ ʨʘʟʣʘʛʘʝʤʳʭ ʇʍɹ ʥʘ ʧʨʠʤʝʨʝ ʦʪʜʝʣʴʥʳʭ 

ʰʪʘʤʤʦʚ (Zielinski et al., 2002; Ferraro et al., 2007; ʐʫʤʢʦʚʘ, ʇʣʦʪʥʠʢʦʚʘ, 

2012, Wang et al., 2021). ɼʣʷ ʚʳʷʚʣʝʥʠʷ ʦʩʥʦʚʥʳʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʤʝʞʜʫ 

ʩʪʨʦʝʥʠʝʤ ʙʠʬʝʥʠʣ 2,3-ɼʆ ʠ ʝʝ ʘʢʪʠʚʥʦʩʪʴʶ ʚ ʦʪʥʦʰʝʥʠʠ ʨʘʟʣʠʯʥʳʭ 

ʢʦʥʛʝʥʝʨʦʚ ʇʍɹ ʪʨʝʙʫʶʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩ ʧʨʠʚʣʝʯʝʥʠʝʤ ʩʦʚʨʝʤʝʥʥʳʭ 

ʘʥʘʣʠʪʠʯʝʩʢʠʭ, ʛʝʥʝʪʠʯʝʩʢʠʭ, ʤʦʣʝʢʫʣʷʨʥʳʭ ʠ ʙʠʦʠʥʬʦʨʤʘʪʠʯʝʩʢʠʭ 

ʤʝʪʦʜʦʚ. 

ʆʜʥʦʡ ʠʟ ʧʨʦʙʣʝʤ ʘʵʨʦʙʥʦʡ ʜʝʩʪʨʫʢʮʠʠ ʭʣʦʨʙʠʬʝʥʠʣʦʚ ʷʚʣʷʝʪʩʷ 

ʦʙʨʘʟʦʚʘʥʠʝ ʚ ʢʘʯʝʩʪʚʝ ʢʦʥʝʯʥʳʭ ʧʨʦʜʫʢʪʦʚ ʭʣʦʨʙʝʥʟʦʡʥʳʭ ʢʠʩʣʦʪ (ʍɹʂ) 

(Pieper, 2005; Sharma et al., 2017). ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʍɹʂ ʤʝʥʝʝ ʪʦʢʩʠʯʥʳ 
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(4 ʢʣʘʩʩ ʦʧʘʩʥʦʩʪʠ), ʠʭ ʥʘʢʦʧʣʝʥʠʝ ʚ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ ʪʘʢʞʝ ʥʝʩʝʪ 

ʵʢʦʣʦʛʠʯʝʩʢʫʶ ʫʛʨʦʟʫ. ɺ ʤʠʨʦʚʦʡ ʧʨʘʢʪʠʢʝ ʦʧʠʩʘʥʦ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʙʘʢʪʝʨʠʘʣʴʥʳʭ ʰʪʘʤʤʦʚ, ʦʩʫʱʝʩʪʚʣʷʶʱʠʭ ʨʘʟʣʦʞʝʥʠʝ ʢʘʢ 

ʭʣʦʨʙʠʬʝʥʠʣʦʚ, ʪʘʢ ʠ ʭʣʦʨʙʝʥʟʦʡʥʳʭ ʢʠʩʣʦʪ (Arensdorf, Focht, 1995; Kim, 

Picardal, 2000; Park et al., 2001; Hatamian-Zarmi et al., 2009). ʇʨʠ ʵʪʦʤ 

ʦʪʩʫʪʩʪʚʫʝʪ ʠʩʯʝʨʧʳʚʘʶʱʘʷ ʠʥʬʦʨʤʘʮʠʷ ʦʙ ʦʩʦʙʝʥʥʦʩʪʷʭ ʤʝʪʘʙʦʣʠʟʤʘ ʍɹʂ 

ʫ ʰʪʘʤʤʦʚ-ʜʝʩʪʨʫʢʪʦʨʦʚ ʇʍɹ. 

ɹʠʦʪʨʘʥʩʬʦʨʤʘʮʠʷ ʇʍɹ ʚ ʫʩʣʦʚʠʷʭ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʤʦʞʝʪ 

ʧʨʠʚʦʜʠʪʴ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʚʪʦʨʠʯʥʳʭ ʧʦʣʣʶʪʘʥʪʦʚ ï ʛʠʜʨʦʢʩʠʣʠʨʦʚʘʥʥʳʭ ʠ 

ʤʝʪʦʢʩʠʣʠʨʦʚʘʥʥʳʭ ʧʦʣʠʭʣʦʨʙʠʬʝʥʠʣʦʚ (Camara et al., 2004; Passatore et al., 

2014; Tehrani, Van Aken, 2014; Sun et al., 2016, 2018; Li et al., 2019). 

ɺ ʣʠʪʝʨʘʪʫʨʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʦʛʨʘʥʠʯʝʥʥʳʝ ʩʚʝʜʝʥʠʷ ʦ ʙʘʢʪʝʨʠʘʣʴʥʦʡ 

ʜʝʩʪʨʫʢʮʠʠ ʦʪʜʝʣʴʥʳʭ ʢʦʥʛʝʥʝʨʦʚ ʤʦʥʦʛʠʜʨʦʢʩʠ-ʇʍɹ, ʠ ʦʪʩʫʪʩʪʚʫʶʪ 

ʜʘʥʥʳʝ ʦ ʨʘʟʣʦʞʝʥʠʠ ʤʝʪʦʢʩʠ-ʇʍɹ ʠ ʩʤʝʩʝʡ ʛʠʜʨʦʢʩʠ-ʇʍɹ (Francova et al., 

2004; Tehrani et al., 2012, 2014; Kanteev et al., 2015; Mizukami-Murata et al., 

2016). ʋʯʠʪʳʚʘʷ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʇʍɹ ʧʦʩʪʫʧʘʣʠ ʚ ʧʨʠʨʦʜʥʳʝ ʨʝʟʝʨʚʫʘʨʳ 

ʚ ʚʠʜʝ ʩʤʝʩʝʡ, ʪʦ ʩʪʘʥʦʚʠʪʩʷ ʦʯʝʚʠʜʥʳʤ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʠʟʫʯʝʥʠʷ 

ʚʦʟʤʦʞʥʦʩʪʠ ʨʘʟʣʦʞʝʥʠʷ ʩʤʝʩʝʡ ʛʠʜʨʦʢʩʠ- ʠ ʤʝʪʦʢʩʠ-ʇʍɹ ʘʵʨʦʙʥʳʤʠ 

ʙʘʢʪʝʨʠʷʤʠ. 

ʆʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ ʤʠʨʦʚʳʭ ʪʝʥʜʝʥʮʠʡ ʷʚʣʷʝʪʩʷ ʨʘʟʚʠʪʠʝ 

ʧʨʠʨʦʜʦʧʦʜʦʙʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʫʜʘʣʝʥʠʝ ʇʍɹ ʠʟ ʦʙʲʝʢʪʦʚ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʘ ʪʘʢʞʝ ʠʟ ʤʝʩʪ ʩʢʣʘʜʠʨʦʚʘʥʠʷ (Ġr®dlov§, Cajthaml, 

2022). ɼʘʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʜʦʣʞʥʳ ʩʦʯʝʪʘʪʴ ʵʢʦʣʦʛʠʯʝʩʢʫʶ ʙʝʟʦʧʘʩʥʦʩʪʴ ʠ 

ʵʢʦʥʦʤʠʯʝʩʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ. ʅʘ ʩʦʚʨʝʤʝʥʥʦʤ ʵʪʘʧʝ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʧʦʢʘʟʘʥʦ, ʯʪʦ ʦʩʥʦʚʥʳʤʠ ʘʛʝʥʪʘʤʠ ʵʢʦʙʠʦʪʝʭʥʦʣʦʛʠʡ ʷʚʣʷʶʪʩʷ ʰʪʘʤʤʳ 

ʘʵʨʦʙʥʳʭ ʙʘʢʪʝʨʠʡ. ʆʧʠʩʘʥʥʳʝ ʚʳʰʝ ʦʩʦʙʝʥʥʦʩʪʠ ʙʘʢʪʝʨʠʘʣʴʥʦʡ 

ʜʝʩʪʨʫʢʮʠʠ ʇʍɹ ʦʙʫʩʣʦʚʣʠʚʘʶʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʜʘʣʴʥʝʡʰʝʛʦ ʧʦʠʩʢʘ 

ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʰʪʘʤʤʦʚ, ʘ ʪʘʢʞʝ ʥʦʚʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʚ ʨʘʟʚʠʪʠʠ 

ʇʍɹ-ʫʪʠʣʠʟʠʨʫʶʱʠʭ ʪʝʭʥʦʣʦʛʠʡ. 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʦʩʥʦʚʥʳʝ ʘʩʧʝʢʪʳ ʠʟʫʯʝʥʠ ̫ʘʵʨʦʙʥʳʭ 

ʙʘʢʪʝʨʠʡ, ʦʙʣʘʜʘʶʱʠʭ ʇʍɹ-ʜʝʛʨʘʜʘʪʠʚʥʳʤ ʧʦʪʝʥʮʠʘʣʦʤ: ʠʟʫʯʝʥʠʝ 

ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʦʛʦ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ ʰʪʘʤʤʦʚ ʘʵʨʦʙʥʳʭ 

ʙʘʢʪʝʨʠʡ, ʚʳʜʝʣʝʥʥʳʭ ʠʟ ʨʘʥʝʝ ʥʝ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʵʢʦʪʦʧʦʚ; ʤʦʣʝʢʫʣʷʨʥʦ-

ʛʝʥʝʪʠʯʝʩʢʠʭ ʘʥʘʣʠʟ ʛʝʥʦʚ/ʦʧʝʨʦʥʦʚ, ʦʙʫʩʣʦʚʣʠʚʘʶʱʠʭ ʩʧʦʩʦʙʥʦʩʪʴ 

ʙʘʢʪʝʨʠʘʣʴʥʳʭ ʰʪʘʤʤʦʚ ʨʘʟʣʘʛʘʪʴ ʇʍɹ ʜʦ ʩʦʝʜʠʥʝʥʠʡ ʦʩʥʦʚʥʦʛʦ ʦʙʤʝʥʘ 

ʢʣʝʪʢʠ; ʦʮʝʥʢʘ ʙʠʦʜʝʛʨʘʜʘʪʠʚʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʧʨʠʨʦʜʥʳʭ ʙʘʢʪʝʨʠʡ 

ʚ ʦʪʥʦʰʝʥʠʠ ʇʍɹ, ʩʦʜʝʨʞʘʱʠʭ ʚ ʤʦʣʝʢʫʣʝ ʨʘʟʣʠʯʥʳʝ ʟʘʤʝʩʪʠʪʝʣʠ; 

ʦʧʨʝʜʝʣʝʥʠʝ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʚ ʵʢʦʙʠʦʪʝʭʥʦʣʦʛʠʷʭ ʰʪʘʤʤʦʚ-

ʜʝʩʪʨʫʢʪʦʨʦʚ ʇʍɹ ʠ ʟʥʘʯʠʤʦʩʪʠ ʜʘʥʥʳʭ ʨʘʟʨʘʙʦʪʦʢ ʜʣʷ ʦʯʠʩʪʢʠ ʦʙʲʝʢʪʦʚ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʠ ʫʥʠʯʪʦʞʝʥʠʷ ʥʝʚʦʩʪʨʝʙʦʚʘʥʥʳʭ ʩʤʝʩʝʡ ʇʍɹ. 
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ʕʂʉʇɽʈʀʄɽʅʊɸʃʔʅɸʗ ʏɸʉʊʔ 

 

ɻʃɸɺɸ 2. ʄɸʊɽʈʀɸʃʓ ʀ ʄɽʊʆɼʓ 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʧʝʨʠʦʜ ʩ 1998 ʧʦ 2021ʛʛ ʥʘ ʙʘʟʝ ʣʘʙʦʨʘʪʦʨʠʠ 

ʤʠʢʨʦʙʠʦʣʦʛʠʠ ʪʝʭʥʦʛʝʥʥʳʭ ʵʢʦʩʠʩʪʝʤ ñʀʥʩʪʠʪʫʪʘ ʵʢʦʣʦʛʠʠ ʠ ʛʝʥʝʪʠʢʠ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʋʨʘʣʴʩʢʦʛʦ ʦʪʜʝʣʝʥʠʷ ʈɸʅò ï ʬʠʣʠʘʣʘ ʇʝʨʤʩʢʦʛʦ 

ʬʝʜʝʨʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʮʝʥʪʨʘ ʋʨʘʣʴʩʢʦʛʦ ʦʪʜʝʣʝʥʠʷ ʈɸʅ, 

ʛ. ʇʝʨʤʴ. ɼʠʟʘʡʥ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 20. 

 

 
ʈʠʩʫʥʦʢ 20 ï ɼʠʟʘʡʥ ʧʨʦʚʝʜʝʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ 

 

2.1. ʆʪʙʦʨ ʦʙʨʘʟʮʦʚ ʧʦʯʚ 

ʆʙʨʘʟʮʳ ʧʦʯʚ ʠ ʪʝʭʥʦʛʝʥʥʦ-ʤʠʥʝʨʘʣʴʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ (ʊʄʆ) ʙʳʣʠ 

ʦʪʦʙʨʘʥʳ ʚ ʧʝʨʠʦʜ 1998ï2018 ʛʛ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ 

ʥʦʨʤʘʪʠʚʥʦʡ ʜʦʢʫʤʝʥʪʘʮʠʝʡ (ɻʆʉʊ 17.4.4.02-84, ɻʆʉʊ 12071-2014, 

ɻʆʉʊ 17.4.3.01-83, ʇʅɼ ʌ 2.1:2:2.2:2.3.2-03) ʠʟ ʚʝʨʭʥʝʛʦ ʘʵʨʠʨʫʝʤʦʛʦ ʩʣʦʷ 

(5-20 ʩʤ). ʆʪʙʦʨ ʧʨʦʠʟʚʦʜʠʣʩʷ ʤʝʪʦʜʦʤ çʢʦʥʚʝʨʪʘè, ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʨʘʣʠ 

ʫʩʨʝʜʥʝʥʥʫʶ ʧʨʦʙʫ. 
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ʆʙʨʘʟʮʳ ʩ ʪʝʨʨʠʪʦʨʠʠ ʇʝʨʤʩʢʦʛʦ ʢʨʘʷ: 

1. ʆɸʆ çɻʘʣʦʛʝʥè, ʛ. ʇʝʨʤʴ ï 58Á1'30"N 55Á53'34"E; 

2. ʆɸʆ çʇʝʨʤʩʢʠʡ ʟʘʚʦʜ ʩʤʘʟʦʢ ʠ ʉʆɾè, ʛ. ʇʝʨʤʴ ï 57Á58'12"N 

56Á14'22"E; 

3. ʪʝʨʨʠʪʦʨʠʠ ʛʦʨʦʜʩʢʠʭ ʧʘʨʢʦʚ, ʛ. ʇʝʨʤʴ ï 57Á58'56"N 56Á12'18"E, 

57Á59'36"N 56Á11'11"E, 58Á0'45"N 56Á16'11"E, 58Á2'N 56Á11'E; 

4. ʧʨʝʜʧʨʠʷʪʠʷ ɹʂʈʋ1 ʆɸʆ çʋʨʘʣʢʘʣʠʡè, ʛ. ɹʝʨʝʟʥʠʢʠ ï 

59Á28'N56Á46'E; 

5. ʆʆʇʊ çʆʩʠʥʩʢʘʷ ʣʝʩʥʘʷ ʜʘʯʘè, ʛ. ʆʩʘ ï 57Á17'16"N 55Á09'0"E, 

57Á17'26"N 55Á08'21"E, 57Á18'34"N 55Á10'39"E; 

6. ʟʘʢʘʟʥʠʢ çʇʨʝʜʫʨʘʣʴʝè ï 57Á22'N 57Á09'E. 

ʆʙʨʘʟʮʳ ʩ ʪʝʨʨʠʪʦʨʠʠ ʄʦʩʢʦʚʩʢʦʡ ʦʙʣʘʩʪʠ - ʪʝʨʨʠʪʦʨʠʷ ʛ. ʉʝʨʧʫʭʦʚ - 

54Á54'12"N 37Á25'43"E. 

ʆʙʨʘʟʮʳ ʩ ʪʝʨʨʠʪʦʨʠʠ ʉʘʤʘʨʩʢʦʡ ʦʙʣʘʩʪʠ - ʆɸʆ çʉʨʝʜʥʝ-ɺʦʣʞʩʢʠʡ 

ʟʘʚʦʜ ʭʠʤʠʢʘʪʦʚè, ʛ. ʏʘʧʘʝʚʩʢ - 53Á00'18"N49Á41'32"E, 53Á00'02"N49Á42'00"E, 

52Á59'39"N49Á41'37"E, 52Á59'56"N49Á41'13"E, 53Á00'03"N49Á41'10"E, 

53Á00'08"N49Á41'11"E. 

ʆʙʨʘʟʮʳ ʩ ʪʝʨʨʠʪʦʨʠʠ ʨʝʩʧʫʙʣʠʢʠ ɹʫʨʷʪʠʷ: 

1. ʪʝʨʨʠʪʦʨʠʷ, ʧʨʠʣʝʛʘʶʱʘʷ ʢ ʦʟʝʨʫ çʉʫʣʴʬʘʪʥʦʝè ʉʝʣʝʥʛʠʥʩʢʦʛʦ 

ʨʘʡʦʥʘ - 51Á22'N106Á35'E; 

2. ʪʝʨʨʠʪʦʨʠʷ, ʧʨʠʣʝʛʘʶʱʘʷ ʢ ʦʟʝʨʫ çɹʝʣʦʝè ʀʚʦʣʛʠʥʩʢʦʛʦ ʨʘʡʦʥʘ - 

51Á32'N107Á1'E. 

ʆʙʨʘʟʮʳ ʩ ʪʝʨʨʠʪʦʨʠʠ ʋʢʨʘʠʥʳ - ʭʚʦʩʪʦʭʨʘʥʠʣʠʱʝ ʛ. ʂʘʣʫʰ, ʀʚʘʥʦ-

ʌʨʘʥʢʦʚʩʢʘʷ ʦʙʣʘʩʪʴ - 49Á2'53"N   24Á17'34"E. 

ʂʘʨʪʳ-ʩʭʝʤʳ ʤʝʩʪ ʦʪʙʦʨʘ ʧʦʯʚʝʥʥʳʭ ʦʙʨʘʟʮʦʚ ʧʨʠʚʝʜʝʥʳ 

ʚ ʇʨʠʣʦʞʝʥʠʠ 2. 

ʕʢʦʣʦʛʦ-ʛʝʦʛʨʘʬʠʯʝʩʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʪʝʨʨʠʪʦʨʠʡ ʦʪʙʦʨʘ ʧʦʯʚ 

ʚ ʛ. ʇʝʨʤʴ ʠ ʇʝʨʤʩʢʦʤ ʢʨʘʝ 

ʇʝʨʤʩʢʠʡ ʢʨʘʡ ʨʘʩʧʦʣʦʞʝʥ ʥʘ ʚʦʩʪʦʢʝ ʝʚʨʦʧʝʡʩʢʦʡ ʯʘʩʪʠ ʈʦʩʩʠʠ, 

ʟʘʥʠʤʘʝʪ ʧʣʦʱʘʜʴ 160237 ʢʤ2 ʚ ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ɺʦʩʪʦʯʥʦ-ɽʚʨʦʧʝʡʩʢʦʡ 
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ʨʘʚʥʠʥʳ ʠ ʥʘ ʟʘʧʘʜʥʳʭ ʩʢʣʦʥʘʭ ʉʨʝʜʥʝʛʦ ʠ ʉʝʚʝʨʥʦʛʦ ʋʨʘʣʘ (ʇʨʠʣʦʞʝʥʠʝ 2, 

ʨʠʩʫʥʦʢ 73 ʘ). ʍʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʤʠ ʧʝʨʝʧʘʜʘʤʠ ʪʝʤʧʝʨʘʪʫʨʳ 

ʚ ʣʝʪʥʠʡ ʠ ʟʠʤʥʠʡ ʧʝʨʠʦʜʳ. ʅʘ ʪʝʨʨʠʪʦʨʠʠ ʇʝʨʤʩʢʦʛʦ ʢʨʘʷ ʩʦʩʨʝʜʦʪʦʯʝʥʳ 

ʨʝʩʫʨʩʦ-ʜʦʙʳʚʘʶʱʠʝ ʠ ʧʝʨʝʨʘʙʘʪʳʚʘʶʱʠʝ ʧʨʝʜʧʨʠʷʪʠʷ, ʘ ʪʘʢʞʝ 

ʧʨʝʜʩʪʘʚʣʝʥ ʨʷʜ ʜʨʫʛʠʭ ʦʪʨʘʩʣʝʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʩʝʣʴʩʢʦʝ ʭʦʟʷʡʩʪʚʦ. 

ʉʦʛʣʘʩʥʦ ʠʥʚʝʥʪʘʨʠʟʘʮʠʠ ʇʍɹ-ʩʦʜʝʨʞʘʱʝʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʧʨʦʚʦʜʠʚʰʝʡʩʷ 

ʩ 2000 ʧʦ 2009 ʛʦʜ, ʚ ʇʝʨʤʩʢʦʤ ʢʨʘʝ ʧʨʠʩʫʪʩʪʚʫʝʪ 32.28 ʪʦʥʥʳ ʇʍɹ 

(www.unido-russia.ru). 

ɸʜʤʠʥʠʩʪʨʘʪʠʚʥʳʡ ʮʝʥʪʨ ï ʛʦʨʦʜ ʇʝʨʤʴ. ʇʣʦʱʘʜʴ ʛʦʨʦʜʘ ʩʦʩʪʘʚʣʷʝʪ 

803 ʢʤ2, ʥʘʩʝʣʝʥʠʝ - 1 051 583 ʯʝʣʦʚʝʢʘ. ʅʘ ʪʝʨʨʠʪʦʨʠʠ ʛʦʨʦʜʘ ʨʘʩʧʦʣʘʛʘʶʪʩʷ 

ʧʨʝʜʧʨʠʷʪʠʷ ʪʷʞʝʣʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʥʝʬʪʝ- ʠ ʛʘʟʦʧʝʨʝʨʘʙʦʪʢʠ, 

ʭʠʤʠʯʝʩʢʦʛʦ ʩʠʥʪʝʟʘ. ɻʦʨʦʜ ʧʦʜʨʘʟʜʝʣʝʥ ʥʘ 7 ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʳʭ ʨʘʡʦʥʦʚ. 

ʆʩʥʦʚʥʘʷ ʜʦʣʷ ʧʨʝʜʧʨʠʷʪʠʡ ʩʢʦʥʮʝʥʪʨʠʨʦʚʘʥʘ ʚ ʀʥʜʫʩʪʨʠʘʣʴʥʦʤ ʨʘʡʦʥʝ. 

ɺʳʙʨʦʩʳ ʦʪ ʧʨʦʤʧʨʝʜʧʨʠʷʪʠʡ ʧʦ ʨʘʡʦʥʘʤ ʛʦʨʦʜʘ ʨʘʩʧʨʝʜʝʣʷʶʪʩʷ 

ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: ʀʥʜʫʩʪʨʠʘʣʴʥʳʡ (~ 50%), ʆʨʜʞʦʥʠʢʠʜʟʝʚʩʢʠʡ (~ 20%), 

ʉʚʝʨʜʣʦʚʩʢʠʡ ʠ ʂʠʨʦʚʩʢʠʡ (~ 10% ʢʘʞʜʳʡ), ɼʟʝʨʞʠʥʩʢʠʡ ʠ 

ʄʦʪʦʚʠʣʠʭʠʥʩʢʠʡ (~ 4%), ʃʝʥʠʥʩʢʠʡ (1%). ʇʨʦʤʳʰʣʝʥʥʳʝ ʧʨʝʜʧʨʠʷʪʠʷ ʠ 

ʥʝʬʪʝʧʝʨʝʨʘʙʘʪʳʚʘʶʱʠʝ ʟʘʚʦʜʳ, ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʦʚʘʣʠ ʇʍɹ 

ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤ ʮʠʢʣʝ, ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʀʥʜʫʩʪʨʠʘʣʴʥʦʤ (ʟʘʚʦʜ 

ʅʝʬʪʝʦʨʛʩʠʥʪʝʟ) ʠ ʉʚʝʨʜʣʦʚʩʢʦʤ (ɿʘʚʦʜ ʩʤʘʟʦʢ ʠ ʩʤʘʟʦʯʥʦ-ʦʭʣʘʞʜʘʶʱʠʭ 

ʞʠʜʢʦʩʪʝʡ) ʨʘʡʦʥʘʭ ʇʝʨʤʠ.  

ɺ ʢʘʯʝʩʪʚʝ ʧʣʦʱʘʜʦʢ ʜʣʷ ʦʪʙʦʨʘ ʦʙʨʘʟʮʦʚ ʧʦʯʚ ʙʳʣʠ ʚʳʙʨʘʥʳ 

(ʇʨʠʣʦʞʝʥʠʝ 2 ʨʠʩʫʥʦʢ 73 ʙ, ʚ): 

1. ʊʝʨʨʠʪʦʨʠʷ ʧʨʝʜʧʨʠʷʪʠʷ ɸʆ çɻʘʣʦʛʝʥè, ʂʠʨʦʚʩʢʠʡ ʨʘʡʦʥ, 

ʛ. ʇʝʨʤʴ (ʇʨʠʣʦʞʝʥʠʝ 2, ʨʠʩʫʥʦʢ 73 ʚ) ï ʦʙʨʘʟʮʳ ʧʦʯʚ ʙʳʣʠ ʦʪʦʙʨʘʥʳ ʥʘ 

ʪʝʨʨʠʪʦʨʠʠ 4 ʩʢʣʘʜʦʚ, ʚ ʢʦʪʦʨʳʭ ʨʘʥʝʝ ʙʳʣʠ ʟʘʭʦʨʦʥʝʥʳ ʛʘʣʦʛʝʥʠʨʦʚʘʥʥʳʝ 

(ʬʪʦʨʠʨʦʚʘʥʥʳʝ, ʭʣʦʨʠʨʦʚʘʥʥʳʝ, ʙʨʦʤʠʨʦʚʘʥʥʳʝ, ʡʦʜʠʨʦʚʘʥʥʳʝ) 

ʦʨʛʘʥʠʯʝʩʢʠʝ ʠ ʥʝʦʨʛʘʥʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ. ɸʥʘʣʠʟ ʧʦʯʚ ʚʳʷʚʠʣ 

ʧʨʠʩʫʪʩʪʚʠʝ ʘʣʠʬʘʪʠʯʝʩʢʠʭ (10.7%), ʮʠʢʣʠʯʝʩʢʠʭ (69.6%), ʘʨʦʤʘʪʠʯʝʩʢʠʭ 
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(2.1%) ʫʛʣʝʚʦʜʦʨʦʜʦʚ, ʘ ʪʘʢʞʝ ʠʭ ʛʘʣʦʛʝʥʠʨʦʚʘʥʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ (17.6%) 

(ʈʳʙʢʠʥʘ ʠ ʜʨ., 2005). 

2. ʊʝʨʨʠʪʦʨʠʷ ʧʨʝʜʧʨʠʷʪʠʷ ʆɸʆ çɿʘʚʦʜ ʩʤʘʟʦʢ ʠ ʉʆɾè, 

ʉʚʝʨʜʣʦʚʩʢʠʡ ʨʘʡʦʥ, ʛ. ʇʝʨʤʴ (ʇʨʠʣʦʞʝʥʠʝ 2, ʨʠʩʫʥʦʢ 73 ʚ) ï ʦʙʨʘʟʮʳ ʧʦʯʚ 

ʦʪʦʙʨʘʥʳ ʚ ʤʝʩʪʘʭ ʙʳʚʰʝʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ ʮʝʭʦʚ ʧʨʝʜʧʨʠʷʪʠʷ. ʍʠʤʠʯʝʩʢʠʡ 

ʘʥʘʣʠʟ ʧʦʯʚʳ ʥʝ ʧʦʟʚʦʣʠʣ ʫʩʪʘʥʦʚʠʪʴ ʢʦʥʮʝʥʪʨʘʮʠʶ ʇʍɹ, ʦʜʥʘʢʦ ʠʟʚʝʩʪʥʦ, 

ʯʪʦ ʥʘ ʧʨʝʜʧʨʠʷʪʠʠ ʧʨʦʠʟʚʦʜʠʣʠ ʩʤʘʟʦʯʥʦ-ʦʭʣʘʞʜʘʶʱʠʝ ʞʠʜʢʦʩʪʠ, 

ʨʘʟʣʠʯʥʳʝ ʤʘʩʣʘ ʠ ʩʤʘʟʢʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʜʣʷ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʵʢʩʧʣʫʘʪʠʨʫʝʤʦʛʦ 

ʚ ʫʩʣʦʚʠʷʭ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ. ɺ ʩʦʩʪʘʚʝ ʪʘʢʠʭ ʤʘʩʝʣ ʠʩʧʦʣʴʟʦʚʘʣʠ çʉʦʚʦʣ 

ʧʣʘʩʪʠʬʠʢʘʪʦʨʥʳʡè - ʢʦʤʤʝʨʯʝʩʢʫʶ ʩʤʝʩʴ ʇʍɹ (http://phb.ecdl.su/node/93). 

3. ʊʝʨʨʠʪʦʨʠʷ ʣʝʩʦʧʘʨʢʦʚʳʭ ʟʦʥ ʛ. ʇʝʨʤʴ ï ʦʙʨʘʟʮʳ ʧʦʯʚ ʦʪʦʙʨʘʥʳ 

ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʏʝʨʥʷʝʚʩʢʦʛʦ ʣʝʩʘ (6.37 ʢʤ2) (ʀʥʜʫʩʪʨʠʘʣʴʥʳʡ ʨʘʡʦʥ), 

ʉʦʩʥʦʚʦʛʦ ʙʦʨʘ (1.20 ʢʤ2) (ɼʟʝʨʞʠʥʩʢʠʡ ʨʘʡʦʥ), ʛʦʨʦʜʩʢʦʛʦ ʩʘʜʘ 

ʠʤ. ɺ.ʃ. ʄʠʥʜʦʚʩʢʦʛʦ (0.10 ʢʤ2) (ʀʥʜʫʩʪʨʠʘʣʴʥʳʡ ʨʘʡʦʥ), ʥʝ ʜʝʡʩʪʚʫʶʱʠʭ 

ʢʣʘʜʙʠʱ çɽʛʦʰʠʭʠʥʩʢʦʝè (0.20 ʢʤ2) (ʃʝʥʠʥʩʢʠʡ ʨʘʡʦʥ) ʠ çʖʞʥʦʝè 

(0.43 ʢʤ2) (ʉʚʝʨʜʣʦʚʩʢʠʡ ʨʘʡʦʥ) (ʇʨʠʣʦʞʝʥʠʝ 2, ʨʠʩʫʥʦʢ 73 ʚ). ɼʘʥʥʳʝ 

ʪʝʨʨʠʪʦʨʠʠ ʧʦʧʘʜʘʶʪ ʩʦʛʣʘʩʥʦ ʨʦʟʝ ʚʝʪʨʦʚ ʚ ʦʩʥʦʚʥʳʝ ʟʦʥʳ ʚʦʟʤʦʞʥʦʛʦ 

ʟʘʛʨʷʟʥʝʥʠʷ ʧʨʠ ʚʳʙʨʦʩʘʭ ʚʝʱʝʩʪʚ ʚ ʚʦʟʜʫʭ ʦʪ ʧʨʦʤʳʰʣʝʥʥʳʭ ʛʦʨʦʜʩʢʠʭ 

ʢʦʤʧʣʝʢʩʦʚ. ʍʠʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʦʯʚʝʥʥʳʭ ʦʙʨʘʟʮʦʚ ʚʳʷʚʠʣ ʧʨʠʩʫʪʩʪʚʠʝ 

ʇʍɹ ʚ ʢʦʥʮʝʥʪʨʘʮʠʷʭ (2.78ï101.87) Ñ 0.03 ʤʢʛ / ʢʛ ʩʫʭʦʡ ʧʦʯʚʳ (ʈʳʙʢʠʥ, 

ʈʳʙʢʠʥʘ, 2006; Egorova, Buzmakov, 2020). 

4. ʊʝʨʨʠʪʦʨʠʷ ʆɸʆ çʋʨʘʣʢʘʣʠʡè ʛ. ɹʝʨʝʟʥʠʢʠ, ʇʝʨʤʩʢʠʡ ʢʨʘʡ 

(ʇʨʠʣʦʞʝʥʠʝ 2, ʨʠʩʫʥʦʢ 73 ʙ, 74) ï ʛʦʨʦʜ ɹʝʨʝʟʥʠʢʠ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʚ 208 ʢʤ 

(ʧʨʠ ʜʚʠʞʝʥʠʠ ʧʦ ʚʦʜʝ) ʢ ʩʝʚʝʨʫ ʦʪ ʛ. ʇʝʨʤʴ, ʧʣʦʱʘʜʴ ʩʦʩʪʘʚʣʷʝʪ 431.1ʢʤ2. 

ʆʩʥʦʚʦʡ ʘʢʪʠʚʥʦʛʦ ʨʘʟʚʠʪʠʷ ʛʦʨʦʜʘ ʚ 20 ʚʝʢʝ ʧʦʩʣʫʞʠʣʘ ʨʘʟʨʘʙʦʪʢʘ 

çɺʝʨʭʥʝʢʘʤʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʢʘʣʠʡʥʦ-ʤʘʛʥʠʝʚʳʭ ʠ ʥʘʪʨʠʝʚʳʭ ʩʦʣʝʡè, 

ʜʚʘ ʫʯʘʩʪʢʘ ʢʦʪʦʨʦʛʦ (ɹʝʨʝʟʥʠʢʦʚʩʢʠʡ ʠ ɼʫʨʳʤʘʥʩʢʠʡ) ʨʘʩʧʦʣʦʞʝʥʳ ʥʘ 

ʪʝʨʨʠʪʦʨʠʠ ʛʦʨʦʜʘ. ɺ ʩʦʩʪʘʚʝ ʦʪʦʙʨʘʥʥʳʭ ʧʦʯʚʝʥʥʳʭ ʦʙʨʘʟʮʦʚ ʚʳʷʚʣʝʥʳ 

ʘʣʠʬʘʪʠʯʝʩʢʠʝ ʫʛʣʝʚʦʜʦʨʦʜʳ ʩ ʜʣʠʥʦʡ ʮʝʧʠ ʦʪ 16 ʜʦ 28 ʫʛʣʝʨʦʜʥʳʭ ʘʪʦʤʦʚ, 

ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʝ ʫʛʣʝʚʦʜʦʨʦʜʳ (ʪʝʪʨʘʙʨʦʤʪʠʦʬʝʥ, ʜʠʙʨʦʤʙʝʥʟʦʪʠʦʬʝʥ) ʠ 

http://phb.ecdl.su/node/93
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ʘʨʦʤʘʪʠʯʝʩʢʠʝ ʫʛʣʝʚʦʜʦʨʦʜʳ (ʪʨʠ- ʠ ʪʝʪʨʘ-ʙʨʦʤʙʝʥʟʦʣ, ʜʠʙʨʦʤʥʘʬʪʘʣʠʥ, 

ʜʠʙʨʦʤ- ʠ ʪʨʠʙʨʦʤʙʠʬʝʥʠʣ, ɼɼɽ, ɼɼʊ, ʜʠʦʢʪʠʣʬʪʘʣʘʪ, ʜʠʙʫʪʠʣʬʪʘʣʘʪ) 

(ɽʛʦʨʦʚʘ ʠ ʜʨ., 2014). ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʥʘ ʧʨʝʜʧʨʠʷʪʠʷʭ 

ʆɸʆ çʋʨʘʣʢʘʣʠʡè ʘʢʪʠʚʥʦ ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ ʦʙʦʨʫʜʦʚʘʥʠʝ, ʩʦʜʝʨʞʘʱʝʝ ʇʍɹ, 

ʚ ʦʪʦʙʨʘʥʥʳʭ ʦʙʨʘʟʮʘʭ ʜʘʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʥʝ ʚʳʷʚʣʝʥʳ. ʆʜʥʘʢʦ, 

ʧʨʠʩʫʪʩʪʚʫʶʪ ʙʨʦʤ-ʧʨʦʠʟʚʦʜʥʳʝ ʙʠʬʝʥʠʣʘ. ʄʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ 

ʜʘʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʦʙʨʘʟʫʶʪʩʷ ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤ ʮʠʢʣʝ ʧʨʠ ʜʦʙʳʯʝ ʠ 

ʧʝʨʝʨʘʙʦʪʢʝ ʨʫʜʳ. 

5. ʆʩʦʙʦ ʦʭʨʘʥʷʝʤʘʷ ʧʨʠʨʦʜʥʘʷ ʪʝʨʨʠʪʦʨʠʷ (ʆʆʇʊ) ʆʭʨʘʥʷʝʤʳʡ 

ʣʘʥʜʰʘʬʪ çʆʩʠʥʩʢʘʷ ʣʝʩʥʘʷ ʜʘʯʘè, ʇʝʨʤʩʢʠʡ ʢʨʘʡ ï ʆʆʇʊ çʆʩʠʥʩʢʘʷ 

ʣʝʩʥʘʷ ʜʘʯʘè ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʥʘ ʙʝʨʝʛʫ ɺʦʪʢʠʥʩʢʦʛʦ ʚʦʜʦʭʨʘʥʠʣʠʱʘ ʚ 10 ʢʤ 

ʢ ʟʘʧʘʜʫ ʦʪ ʛ. ʆʩʳ ʚ ʶʞʥʦʡ ʯʘʩʪʠ ʇʝʨʤʩʢʦʛʦ ʢʨʘʷ (ʇʨʠʣʦʞʝʥʠʝ 2, ʨʠʩʫʥʦʢ 

72ʙ, 74). ʆʙʱʘʷ ʧʣʦʱʘʜʴ ʩʦʩʪʘʚʣʷʝʪ 12 168 ʛʘ, ʪʝʨʨʠʪʦʨʠʷ ʧʦʜʨʘʟʜʝʣʝʥʘ 

ʥʘ ʢʚʘʨʪʘʣʳ ʠ ʟʦʥʳ (ʇʨʠʣʦʞʝʥʠʝ 2, ʨʠʩʫʥʦʢ 75). ʅʘ ʦʩʥʦʚʘʥʠʠ ʘʨʭʠʚʥʳʭ 

ʜʘʥʥʳʭ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʚ 1960-1970 ʛʛ ʥʘ ʜʘʥʥʦʡ ʪʝʨʨʠʪʦʨʠʠ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ 

ʦʙʨʘʙʦʪʢʘ ʧʦʯʚʳ ʠ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʠʥʩʝʢʪʠʮʠʜʘʤʠ ʭʣʦʨʦʨʛʘʥʠʯʝʩʢʦʛʦ ʨʷʜʘ, 

ʢʦʪʦʨʳʝ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʢʣʶʯʝʥʳ ʚ ʩʧʠʩʦʢ ʉʆɿ. 

ɻʘʟʦʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʧʦʯʚʝʥʥʳʭ ʦʙʨʘʟʮʦʚ ʧʦʢʘʟʘʣ, 

ʯʪʦ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʭʣʦʨʦʨʛʘʥʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ ʧʨʠʩʫʪʩʪʚʫʶʪ ʪʦʣʴʢʦ 

ʚ ʧʦʯʚʝ ʢʚʘʨʪʘʣʘ 11 (ʇʨʠʣʦʞʝʥʠʝ 2, ʨʠʩʫʥʦʢ 75). ʆʩʥʦʚʥʳʤʠ ʟʘʛʨʷʟʥʠʪʝʣʷʤʠ 

ʷʚʣʷʶʪʩʷ: ʪʨʠ-, ʪʝʪʨʘ- ʠ ʧʝʥʪʘʭʣʦʨʙʝʥʟʦʣʳ, ʛʝʢʩʘʭʣʦʨʮʠʢʣʦʛʝʢʩʘʥʳ (ʠʟʦʤʝʨʳ 

Ŭ, ɓ, ɔ ʠ ŭ), ʧʝʥʪʘ- ʠ ʛʝʢʩʘʭʣʦʨʙʠʬʝʥʠʣʳ, ɼɼʊ, ʜʠʙʫʪʠʣʬʪʘʣʘʪ (ʇʴʷʥʢʦʚʘ ʠ 

ʜʨ., 2015; ɽʛʦʨʦʚʘ ʠ ʜʨ., 2017; Egorova et al., 2017). 

6. ʊʝʨʨʠʪʦʨʠʷ ʆʆʇʊ ʟʘʢʘʟʥʠʢʘ çʇʨʝʜʫʨʘʣʴʝè, ʇʝʨʤʩʢʠʡ ʢʨʘʡ ï 

ʆʆʇʊ ʣʘʥʜʰʘʬʪʥʳʡ ʟʘʢʘʟʥʠʢ çʇʨʝʜʫʨʘʣʴʝè ʨʘʩʧʦʣʦʞʝʥ ʚ ʜʦʣʠʥʝ ʨʝʢʠ 

ʉʳʣʚʘ ʤʝʞʜʫ ʛ. ʂʫʥʛʫʨ ʠ ʩʝʣʦʤ ʋʩʪʴ-ʂʠʰʝʨʪʴ ʇʝʨʤʩʢʦʛʦ ʢʨʘʷ. ʇʣʦʱʘʜʴ 

ʟʘʢʘʟʥʠʢʘ ʩʦʩʪʘʚʣʷʝʪ 2290 ʛʘ, ʧʦʜʨʘʟʜʝʣʝʥʘ ʥʘ ʢʚʘʨʪʘʣʳ ʠ ʟʦʥʳ 

(ʇʨʠʣʦʞʝʥʠʝ 2, ʨʠʩʫʥʦʢ 73 ʙ, 76). ɼʘʥʥʘʷ ʪʝʨʨʠʪʦʨʠʷ ʥʝ ʧʦʜʚʝʨʛʘʣʘʩʴ 

ʦʙʨʘʙʦʪʢʘʤ ʭʠʤʠʯʝʩʢʠʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ, ʘ ʚ ʩʪʘʪʫʩʝ ʦʭʨʘʥʷʝʤʦʛʦ ʣʘʥʜʰʘʬʪʘ 
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ʥʘʭʦʜʠʪʩʷ ʫʞʝ ʙʦʣʝʝ 50 ʣʝʪ. ɸʥʘʣʠʟ ʧʦʯʚ ʧʦʜʪʚʝʨʜʠʣ ʦʪʩʫʪʩʪʚʠʝ 

ʛʘʣʦʛʝʥʦʨʛʘʥʠʯʝʩʢʠʭ ʟʘʛʨʷʟʥʠʪʝʣʝʡ ʚ ʦʙʨʘʟʮʘʭ (ʂʦʨʩʘʢʦʚʘ, ɽʛʦʨʦʚʘ, 2015). 

ʆʩʦʙʝʥʥʦʩʪʠ ʟʘʛʨʷʟʥʝʥʠʷ ʧʦʯʚ ʛ. ʏʘʧʘʝʚʩʢʘ ʉʘʤʘʨʩʢʦʡ ʦʙʣʘʩʪʠ 

ʉʘʤʘʨʩʢʘʷ ʦʙʣʘʩʪʴ ʨʘʩʧʦʣʦʞʝʥʘ ʚ ɽʚʨʦʧʝʡʩʢʦʡ ʯʘʩʪʠ ʈʦʩʩʠʠ ʚʦ II 

ʢʣʠʤʘʪʠʯʝʩʢʦʤ ʧʦʷʩʝ ʩ ʫʤʝʨʝʥʥʦ-ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʤ ʢʣʠʤʘʪʦʤ. ɻʦʨʦʜ 

ʏʘʧʘʝʚʩʢ ʉʘʤʘʨʩʢʦʡ ʦʙʣʘʩʪʠ ʥʘʭʦʜʠʪʩʷ ʚ 43 ʢʤ ʢ ʶʛʦ-ʟʘʧʘʜʫ ʦʪ ʦʙʣʘʩʪʥʦʛʦ 

ʮʝʥʪʨʘ ʛ. ʉʘʤʘʨʳ (ʇʨʠʣʦʞʝʥʠʝ 2, ʨʠʩʫʥʦʢ 73 ʘ, 77). ʇʦ ʪʝʨʨʠʪʦʨʠʠ ʧʨʦʪʝʢʘʝʪ 

ʨʝʢʘ ʏʘʧʘʝʚʢʘ. ʇʣʦʱʘʜʴ ʛʦʨʦʜʘ ʩʦʩʪʘʚʣʷʝʪ 18749 ʛʘ, ʥʘʩʝʣʝʥʠʝ 

70944 ʯʝʣʦʚʝʢʘ.  

ʆʢʦʣʦ 80% ʪʝʨʨʠʪʦʨʠʠ ʛʦʨʦʜʘ ʟʘʥʠʤʘʶʪ ʧʨʦʤʳʰʣʝʥʥʳʝ ʠ 

ʢʦʤʤʫʥʘʣʴʥʦ-ʙʳʪʦʚʳʝ ʧʨʝʜʧʨʠʷʪʠʷ. ʅʝʩʢʦʣʴʢʦ ʜʝʩʷʪʠʣʝʪʠʡ ʚ ʛʦʨʦʜʝ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʣ ʆɸʆ çʉʨʝʜʥʝ-ɺʦʣʞʩʢʠʡ ʟʘʚʦʜ ʭʠʤʠʢʘʪʦʚè, ʚ ʩʦʩʪʘʚ 

ʧʨʦʜʫʢʮʠʠ ʢʦʪʦʨʦʛʦ ʚʭʦʜʠʣʠ ʭʣʦʨʦʨʛʘʥʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ, ʪʘʢʠʝ ʢʘʢ 

ʛʝʢʩʘʭʣʦʨʮʠʢʣʦʛʝʢʩʘʥ, ʛʝʢʩʘʭʣʦʨʙʝʥʟʦʣ, ʧʝʥʪʘʭʣʦʨʬʝʥʦʣ, ʪʨʠʭʣʦʨʙʝʥʟʦʣ 

(ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʢʦʤʤʝʨʯʝʩʢʦʡ ʩʤʝʩʠ ʇʍɹ ʪʦʨʛʦʚʦʡ ʤʘʨʢʠ 

çʉʦʚʪʦʣ-10è). ʏʘʩʪʴ ʜʘʥʥʳʭ ʚʝʱʝʩʪʚ ʦʪʥʝʩʝʥʘ ʢ ʛʨʫʧʧʝ ʉʆɿ ʩʦʛʣʘʩʥʦ 

ʉʪʦʢʛʦʣʴʤʩʢʦʡ ʢʦʥʚʝʥʮʠʠ. ʅʝʩʤʦʪʨʷ ʥʘ ʧʨʝʢʨʘʱʝʥʠʝ ʜʝʷʪʝʣʴʥʦʩʪʠ ʟʘʚʦʜʘ, 

ʩʦʝʜʠʥʝʥʠʷ ʛʨʫʧʧʳ ʉʆɿ ʧʨʦʜʦʣʞʘʶʪ ʧʨʠʩʫʪʩʪʚʦʚʘʪʴ ʚ ʧʦʯʚʘʭ ʠ ʦʙʲʝʢʪʘʭ 

ʛ. ʏʘʧʘʝʚʩʢ, ʘ ʪʘʢʞʝ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʚ ʦʨʛʘʥʠʟʤʝ ʝʛʦ ʞʠʪʝʣʝʡ (ʅʘʟʘʨʦʚ ʠ 

ʜʨ., 2016, Hauser et al., 2005). ʂʦʤʧʣʝʢʩʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ 

ʩʦʝʜʠʥʝʥʠʷ ʛʨʫʧʧʳ ʉʆɿ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʇʍɹ, ʚʳʷʚʣʷʶʪʩʷ ʚ ʛʨʫʜʥʦʤ ʤʦʣʦʢʝ 

ʞʝʥʱʠʥ, ʚ ʢʨʦʚʠ ʚʩʝʭ ʛʨʫʧʧ ʥʘʩʝʣʝʥʠʷ, ʘ ʪʘʢʞʝ ʚ ʧʨʦʜʫʢʪʘʭ ʧʠʪʘʥʠʷ, ʯʪʦ 

ʥʝʛʘʪʠʚʥʦ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʟʜʦʨʦʚʴʝ ʥʘʩʝʣʝʥʠʷ (Ulaszewska et al., 2011, Plaku-

Alakbarova et al., 2021). ʆʙʨʘʟʮʳ ʧʦʯʚ ʠ ʛʨʫʥʪʘ ʦʪʙʠʨʘʣʠ ʩ ʪʝʨʨʠʪʦʨʠʠ 

ʆɸʆ çʉɺɿʍè (ʇʨʠʣʦʞʝʥʠʝ 2, ʨʠʩʫʥʦʢ 77).  

ʍʠʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʦʢʘʟʘʣ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʟʘʛʨʷʟʥʝʥʠʷ ʜʘʥʥʳʭ ʧʦʯʚ 

ʩʦʝʜʠʥʝʥʠʷʤʠ ʛʨʫʧʧʳ ʉʆɿ (ʪʘʙʣʠʮʘ 2). ɸʥʘʣʠʟ ʩʧʝʢʪʨʘ ʚʳʷʚʣʝʥʥʳʭ ʇʍɹ 

ʧʦʢʘʟʘʣ, ʯʪʦ ʚ ʧʦʯʚʘʭ ʧʨʠʩʫʪʩʪʚʫʝʪ ʥʘʙʦʨ ʢʦʥʛʝʥʝʨʦʚ ʭʣʦʨʙʠʬʝʥʠʣʦʚ, 

ʭʘʨʘʢʪʝʨʥʳʡ ʜʣʷ ʢʦʤʤʝʨʯʝʩʢʦʡ ʩʤʝʩʠ ʉʦʚʦʣ. ʉʦʜʝʨʞʘʥʠʝ ʬʝʥʦʣʦʚ ʠ 
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ʭʣʦʨʬʝʥʦʣʦʚ ʚ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʨʘʟʮʘʭ ʥʝ ʧʨʝʚʳʰʘʣʦ 0.01 ʤʛ/ʢʛ ʧʦʯʚʳ 

(ʅʘʟʘʨʦʚ ʠ ʜʨ., 2016). 

 

ʊʘʙʣʠʮʘ 2 ï ʈʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʦʙʨʘʟʮʦʚ ʧʦʯʚʳ ʠ ʠʣʘ ʥʘ 

ʩʦʜʝʨʞʘʥʠʝ ʩʦʝʜʠʥʝʥʠʡ ʛʨʫʧʧʳ ʉʆɿ (ʤʛ/ʢʛ ʩʫʭ. ʦʙʨʘʟʮʘ)  

ʆʙʨʘʟʝʮ 

ʧʦʯʚʳ/ʠʣʘ 

ʉʤʝʩʴ ʇʍɹ ɻʝʢʩʘʭʣʦʨ- 

ʙʝʥʟʦʣ 

ɻʍʎɻ 

(ʃʠʥʜʘʥ) 

ɼɼʊ, 

ɼɼɽ, 

ɼɼɼ 

Ch1 0.213 Ñ 0.001 ʥ.ʦ.* ʥ.ʦ. ʥ.ʦ. 

Ch 2 1.073 Ñ 0.002 0.924 Ñ 0.002 1.843 Ñ 0.001 <0.01 

Ch 3 0.328 Ñ 0.001 0.405 Ñ 0.001 4.174 Ñ 0.002 ʥ.ʦ.* 

Ch 4 0.732 Ñ 0.003 22.513 Ñ 0.003 53.449 Ñ 0.005 ʥ.ʦ. 

Ch 5 0.289 Ñ 0.002 0.100 Ñ 0.001 0.393 Ñ 0.001 ʥ.ʦ. 

Ch 6 0.408 Ñ 0.001 0.816 Ñ 0.002 5.468 Ñ 0.001 ʥ.ʦ. 

Ch 13 <0.06 0.840 Ñ 0.002 9.57 Ñ 0.008 ʥ.ʦ. 

Ch 14 <0.06 97.840 Ñ 0.001 41.470 Ñ 0.008 37.67 Ñ 0.02  

3.67 Ñ 0.03  

12.5 Ñ 0.2 

ʆɼʂ/ʇɼʂ, 

ʤʛ/ʢʛ 

0.06 0.03 0.1 0.1 

*  ʥ.ʦ. ï ʥʝ ʦʙʥʘʨʫʞʝʥʦ ʧʨʠ ʘʥʘʣʠʟʝ 

ʕʢʦʣʦʛʦ-ʛʝʦʛʨʘʬʠʯʝʩʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʛ. ʉʝʨʧʫʭʦʚ ʄʦʩʢʦʚʩʢʦʡ 

ʦʙʣʘʩʪʠ 

ʄʦʩʢʦʚʩʢʘʷ ʦʙʣʘʩʪʴ ʨʘʩʧʦʣʦʞʝʥʘ ʚ ʝʚʨʦʧʝʡʩʢʦʡ ʯʘʩʪʠ ʈʦʩʩʠʠ 

(ʇʨʠʣʦʞʝʥʠʝ 2, ʨʠʩʫʥʦʢ 73 ʘ). ɼʣʷ ʜʘʥʥʦʡ ʪʝʨʨʠʪʦʨʠʠ ʭʘʨʘʢʪʝʨʝʥ ʫʤʝʨʝʥʥʦ-

ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʡ ʢʣʠʤʘʪ. ɻʦʨʦʜ ʉʝʨʧʫʭʦʚ ʥʘʭʦʜʠʪʩʷ ʚ ʶʞʥʦʡ ʯʘʩʪʠ 

ʄʦʩʢʦʚʩʢʦʡ ʦʙʣʘʩʪʠ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 93 ʢʤ ʦʪ ʄʦʩʢʦʚʩʢʦʡ ʢʦʣʴʮʝʚʦʡ 

ʘʚʪʦʜʦʨʦʛʠ. ʇʣʦʱʘʜʴ ʛʦʨʦʜʘ ʩʦʩʪʘʚʣʷʝʪ 32.1 ʢʤ2, ʯʠʩʣʝʥʥʦʩʪʴ ʥʘʩʝʣʝʥʠʷ 

ʙʦʣʝʝ 125 ʪʳʩ. ʯʝʣʦʚʝʢ. ʋʨʦʚʝʥʴ ʟʘʛʨʷʟʥʝʥʠʷ ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʦʟʜʫʭʘ ʠ ʧʦʯʚ 
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ʛ. ʉʝʨʧʫʭʦʚ ʚʳʩʦʢʠʡ ʚʩʣʝʜʩʪʚʠʝ ʨʘʙʦʪʳ ʢʨʫʧʥʳʭ ʧʨʦʤʳʰʣʝʥʥʳʭ 

ʧʨʝʜʧʨʠʷʪʠʡ. ɼʣʷ ʥʘʩʪʦʷʱʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʙʨʘʟʮʳ ʧʦʯʚʳ ʙʳʣʠ ʦʪʦʙʨʘʥʳ 

ʚʙʣʠʟʠ ʆʆʆ çʉʝʨʧʫʭʦʚʩʢʦʡ ʢʦʥʜʝʥʩʘʪʦʨʥʳʡ ʟʘʚʦʜ çʂɺɸʈèè. ɸʥʘʣʠʟ ʧʦʯʚ 

ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʛʦʨʦʜʘ ʧʦʢʘʟʘʣ, ʯʪʦ ʩʦʜʝʨʞʘʥʠʝ ʇʍɹ ʚ ʥʠʭ ʚʘʨʴʠʨʫʝʪ 

ʦʪ 5.5 ʜʦ 4300 ʤʛ/ʢʛ ʩʫʭʦʡ ʧʦʯʚʳ (ʃʘʧʫʰʢʠʥ ʠ ʜʨ., 2020).  

ʆʩʦʙʝʥʥʦʩʪʠ ʪʝʭʥʦʛʝʥʥʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ ʧʦʯʚ ʛ. ʂʘʣʫʰ 

ɻʦʨʦʜ ʂʘʣʫʰ ʷʚʣʷʝʪʩʷ ʧʨʦʤʳʰʣʝʥʥʳʤ ʮʝʥʪʨʦʤ ɿʘʧʘʜʥʦʡ ʋʢʨʘʠʥʳ, 

ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʥʘ ʩʝʚʝʨʦ-ʚʦʩʪʦʢʝ ʀʚʘʥʦ-ʌʨʘʥʢʦʚʩʢʦʡ ʦʙʣʘʩʪʠ, ʥʘ ʣʝʚʦʤ 

ʙʝʨʝʛʫ ʨʝʢʠ ʃʦʤʥʠʮʘ. ʇʣʦʱʘʜʴ ʛʦʨʦʜʘ ʩʦʩʪʘʚʣʷʝʪ 64.53 ʢʤ2, ʯʠʩʣʝʥʥʦʩʪʴ 

ʥʘʩʝʣʝʥʠʷ ï 65849 ʯʝʣʦʚʝʢ. ʅʘ ʪʝʨʨʠʪʦʨʠʠ ʛʦʨʦʜʘ ʨʘʩʧʦʣʘʛʘʶʪʩʷ 

ʧʨʝʜʧʨʠʷʪʠʷ ʧʦ ʧʨʦʠʟʚʦʜʩʪʚʫ ʢʘʣʠʡʥʳʭ ʤʠʥʝʨʘʣʴʥʳʭ ʫʜʦʙʨʝʥʠʡ, 

ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʤʘʛʥʠʷ, ʧʦʣʠʵʪʠʣʝʥʦʚ. ɺ 2010 ʛ ʪʝʨʨʠʪʦʨʠʷ ʛ. ʂʘʣʫʰ ʙʳʣʘ 

ʧʨʠʟʥʘʥʘ ʟʦʥʦʡ ʯʨʝʟʚʳʯʘʡʥʦʡ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʩʠʪʫʘʮʠʠ. ʇʦʤʠʤʦ ʧʨʦʩʝʜʘʥʠʷ 

ʛʨʫʥʪʦʚ ʠ ʟʘʩʦʣʝʥʠʷ ʧʠʪʴʝʚʦʡ ʚʦʜʳ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʛʦʨʦʜʘ ʨʘʩʧʦʣʦʞʝʥʦ 

ʝʜʠʥʩʪʚʝʥʥʦʝ ʚ ɽʚʨʦʧʝ ʭʨʘʥʠʣʠʱʝ ʪʦʢʩʠʯʥʳʭ ʦʪʭʦʜʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ 

ʩʦʝʜʠʥʝʥʠʡ ʛʨʫʧʧʳ ʉʆɿ (ʇʨʠʣʦʞʝʥʠʝ 2, ʨʠʩʫʥʦʢ 78).   

ʆʙʨʘʟʮʳ ʧʦʯʚ ʙʳʣʠ ʦʪʦʙʨʘʥʳ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʭʨʘʥʠʣʠʱʘ 

(ʭʚʦʩʪʦʭʨʘʥʠʣʠʱʝ 2) ʉʆɿ. ʍʠʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʦʯʚ ʧʦʢʘʟʘʣ, ʯʪʦ 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʇʍɹ ʚ ʦʙʨʘʟʮʘʭ ʩʦʩʪʘʚʣʷʣʘ 485 ʤʛ/ʢʛ ʩʫʭʦʡ ʧʦʯʚʳ, ʯʪʦ 

ʧʨʝʚʳʰʘʝʪ ʇɼʂ ʙʦʣʝʝ ʯʝʤ ʚ 8000 ʨʘʟ. ʉʧʝʢʪʨ ʚʳʷʚʣʝʥʥʳʭ ʢʦʥʛʝʥʝʨʦʚ ʇʍɹ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ, ʯʪʦ ʧʦʯʚʘ ʟʘʛʨʷʟʥʝʥʘ ʢʦʤʤʝʨʯʝʩʢʠʤʠ ʩʤʝʩʷʤʠ Delor 103 

(ʉʣʦʚʘʢʠʷ)=ʊʨʠʭʣʦʨʙʠʬʝʥʠʣ (ʉʉʉʈ) ʠ ʉʦʚʦʣ (ʉʉʉʈ) (ɽʛʦʨʦʚʘ ʠ ʜʨ., 2013). 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʪʝʨʨʠʪʦʨʠʠ ʦʪʙʦʨʘ ʦʙʨʘʟʮʦʚ ʧʦʯʚ ʚ ʨʝʩʧʫʙʣʠʢʝ 

ɹʫʨʷʪʠʷ 

ʈʝʩʧʫʙʣʠʢʘ ɹʫʨʷʪʠʷ ʨʘʩʧʦʣʦʞʝʥʘ ʥʘ ʶʛʝ ɺʦʩʪʦʯʥʦʡ ʉʠʙʠʨʠ, 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʤ ʢʣʠʤʘʪʦʤ (ʇʨʠʣʦʞʝʥʠʝ 2, ʨʠʩʫʥʦʢ 73 ʘ). 

ʅʘ ʪʝʨʨʠʪʦʨʠʠ ʨʝʩʧʫʙʣʠʢʠ ʨʘʩʧʦʣʦʞʝʥʳ 2 ʙʠʦʩʬʝʨʥʳʭ ʟʘʧʦʚʝʜʥʠʢʘ 

(ɹʘʡʢʘʣʴʩʢʠʡ ʠ ɹʘʨʛʫʟʠʥʩʢʠʡ), 1 ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʟʘʧʦʚʝʜʥʠʢ, 

3 ʥʘʮʠʦʥʘʣʴʥʳʭ ʧʘʨʢʘ ʠ 13 ʟʘʢʘʟʥʠʢʦʚ. ʇʦʚʝʨʭʥʦʩʪʥʳʝ ʚʦʜʥʳʝ ʟʘʧʘʩʳ 
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ʨʝʩʧʫʙʣʠʢʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʢʘʤʠ (ʙʦʣʝʝ 30 000) ʠ ʦʟʝʨʘʤʠ (ʙʦʣʝʝ 35 000). 

ʂʨʦʤʝ ʦʟʝʨʘ ɹʘʡʢʘʣ, ʦʩʦʙʳʡ ʠʥʪʝʨʝʩ ʧʨʠ ʠʟʫʯʝʥʠʠ ʚʣʠʷʥʠʷ ʨʘʟʣʠʯʥʳʭ 

ʫʩʣʦʚʠʡ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʚ ʪʦʤ ʯʠʩʣʝ ʚʦʟʤʦʞʥʦʛʦ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʠ 

ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ ʭʠʤʠʯʝʩʢʠʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ, ʥʘ ʤʠʢʨʦʬʣʦʨʫ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʤʘʣʳʝ ʦʟʝʨʘ.  

ʆʙʨʘʟʮʳ ʧʦʯʚ ʙʳʣʠ ʦʪʦʙʨʘʥʳ ʧʦ ʙʝʨʝʛʘʤ ʦʟʝʨ ʂʦʪʦʢʝʣʴʩʢʦʝ, ɹʝʣʦʝ ʠ 

ʉʦʣʝʥʦʝ (ʉʫʣʴʬʘʪʥʦʝ) (ʇʨʠʣʦʞʝʥʠʝ 2, ʨʠʩʫʥʦʢ 78). ʆʟʝʨʦ ʉʦʣʝʥʦʝ ʣʝʞʠʪ 

ʚ ʙʝʩʩʪʦʯʥʦʡ ʢʦʪʣʦʚʠʥʝ ʢ ʶʛʫ ʦʪ ʧʨʝʩʥʳʭ ʋʙʫʢʫʥʩʢʠʭ ʦʟʝʨ, ʧʨʠ ʵʪʦʤ ʩʘʤʦ 

ʦʟʝʨʦ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʧʨʠʩʫʪʩʪʚʠʝʤ ʩʫʣʴʬʘʪʦʚ, ʘ ʞʝʩʪʢʦʩʪʴ ʩʦʩʪʘʚʣʷʝʪ 

23 ʤʛ-ʵʢʚ/ʣ. ʆʟʝʨʦ ɹʝʣʦʝ ʨʘʩʧʦʣʦʞʝʥʦ ʚ ʣʝʚʦʙʝʨʝʞʥʦʡ ʯʘʩʪʠ ʜʦʣʠʥʳ ʨʝʢʠ 

ʆʨʦʥʛʦʡ ʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚʳʩʦʢʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʝʡ (12.667 ʛ/ʜʤ3). ʆʟʝʨʦ 

ʂʦʪʦʢʝʣʴʩʢʦʝ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʤʝʞʜʫ ʨʝʢʘʤʠ ʊʫʨʢʘ ʠ ʂʠʢʘ, ʨʘʩʩʪʦʷʥʠʝ ʜʦ 

ʦʟʝʨʘ ɹʘʡʢʘʣ ʩʦʩʪʘʚʣʷʝʪ 2 ʢʤ. ʆʟʝʨʦ ʧʨʝʩʥʦʝ. ɹʳʣʦ ʚʳʩʢʘʟʘʥʦ 

ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ ʚ 2008 ʛ ʚ ʦʟʝʨʦ ʧʦʧʘʣʠ ʭʠʤʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ, 

ʧʦʩʣʫʞʠʚʰʠʝ ʧʨʠʯʠʥʦʡ ʛʠʙʝʣʠ ʞʠʚʦʪʥʳʭ, ʧʠʪʘʚʰʠʭʩʷ ʨʳʙʦʡ ʠʟ ʦʟʝʨʘ 

(https://www.baikal-media.ru/news/society/119013/) 

ʇʨʦʚʝʜʝʥʥʳʡ ʛʘʟʦʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʦʯʚ ʧʦʢʘʟʘʣ, ʯʪʦ 

ʚ ʦʙʨʘʟʮʘʭ ʩ ʦʟʝʨʘ ʂʦʪʦʢʝʣʴʩʢʦʝ ʠ ɹʝʣʦʝ ʧʨʠʩʫʪʩʪʚʫʶʪ ʚ ʩʣʝʜʦʚʳʭ 

ʢʦʣʠʯʝʩʪʚʘʭ ʩʦʝʜʠʥʝʥʠʷ ʛʨʫʧʧʳ ʉʆɿ ï ʛʝʢʩʘʭʣʦʨʙʝʥʟʦʣ ʠ ʣʠʥʜʘʥ (ɽʛʦʨʦʚʘ ʠ 

ʜʨ., 2014). ɺ ʦʙʨʘʟʮʘʭ ʧʦʯʚ ʩ ʦʟʝʨʘ ʉʦʣʝʥʦʝ ʧʦʣʣʶʪʘʥʪʦʚ ʥʝ ʦʙʥʘʨʫʞʝʥʦ.  

 

2.2. ɹʘʢʪʝʨʠʘʣʴʥʳʝ ʰʪʘʤʤʳ 

ʀʩʩʣʝʜʫʝʤʳʝ ʙʘʢʪʝʨʠʘʣʴʥʳʝ ʰʪʘʤʤʳ ʙʳʣʠ ʠʟʦʣʠʨʦʚʘʥʳ ʠʟ ʦʙʨʘʟʮʦʚ 

ʧʦʯʚ ʩ ʨʘʟʣʠʯʥʳʤ ʫʨʦʚʥʝʤ ʟʘʛʨʷʟʥʝʥʠʷ. ʇʝʨʝʯʝʥʴ ʰʪʘʤʤʦʚ ʧʨʝʜʩʪʘʚʣʝʥ 

ʚ ʇʨʠʣʦʞʝʥʠʠ 3. 

 

2.3. ʉʨʝʜʳ, ʨʝʘʢʪʠʚʳ ʠ ʫʩʣʦʚʠʷ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ 

ɼʣʷ ʚʳʜʝʣʝʥʠʷ ʠ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ-ʜʝʩʪʨʫʢʪʦʨʦʚ 

ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ: 

1. ʤʠʥʝʨʘʣʴʥʘʷ ʩʨʝʜʘ ʂ1, ʩʦʩʪʘʚʘ (ʛ/ʣ): K2HPO4 Ĭ 3H2O ï 4.0, NaH2PO4 Ĭ 

2H2O ï 0.4, (NH4)2SO4 ï 0.5, Ca(NO3)2 ï 1.0, MgSO4 Ĭ 7H2O ï 0.15, 

https://www.baikal-media.ru/news/society/119013/
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NaMoO4 Ĭ 2H2O ï 0.04, ʜʦʧʦʣʥʝʥʥʘʷ 1 ʤʣ/ʣ ʨʘʩʪʚʦʨʘ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ. 

ʨʅ ʩʨʝʜʳ 7.3; (Tsoi et al., 1991). 

2. ʤʠʥʝʨʘʣʴʥʘʷ ʩʨʝʜʘ ʈʘʡʤʦʥʜʘ, ʩʦʩʪʘʚʘ (ʛ/ʣ): Na2CO3 ï 0.1, MgSʆ4 Ĭ 

7 H2ʆ ï 0.2, FeSʆ4 Ĭ 7H2O ï 0.02, MnSʆ4 Ĭ 7H2O ï 0.02, K2HPO4 Ĭ 3H2O 

ï 1.0, NaH2PO4 Ĭ 3H2O ï 1.5. ʨʅ 7.4. (Raymond, 1961). 

ɼʣʷ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ʛʘʣʦʪʦʣʝʨʘʥʪʥʳʭ ʰʪʘʤʤʦʚ ʚ ʩʨʝʜʫ ʚʥʦʩʠʣʠ NaCl 

ʜʦ ʢʦʥʝʯʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ 10ï60 ʛ/ʣ. 

3. ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʘʷ ʩʨʝʜʘ ʈʘʡʤʦʥʜʘ (ɹʉʈ), ʩʦʩʪʘʚʘ (ʤʛ/ʣ): ʢ ʦʩʥʦʚʥʦʡ 

ʩʨʝʜʝ ʈʘʡʤʦʥʜʘ ʜʦʙʘʚʣʷʣʠ 5 ʛ/ʣ ʪʨʠʧʪʦʥʘ ʠ 2.5 ʛ/ʣ ʜʨʦʞʞʝʚʦʛʦ 

ʵʢʩʪʨʘʢʪʘ; 

4. ʩʨʝʜʘ ʃʫʨʠʘ-ɹʝʨʪʘʥʠ (Luria-Bertani, LB), ʩʦʩʪʘʚʘ (ʛ/ʣ): ʜʨʦʞʞʝʚʦʡ 

ʵʢʩʪʨʘʢʪ ï 5.0, ʪʨʠʧʪʦʥ ï 10.0, NaCl ï 10.0. ʨʅ 7.0 (Ausbel et al., 1995). 

5. ʤʠʥʝʨʘʣʴʥʘʷ ʩʨʝʜʘ ɸʄʄ (ʛ/ʣ):KH2PO4 ï 0.2, MgCl2 ï0.1, NH4Cl ï 0.5, 

KCl ï 0.2, NaCl ï 1.0, Na2CO3 ï3.0, NaHCO3 ï10.0. ʨʅ 8.0 (ɿʘʚʘʨʟʠʥʘ ʠ 

ʜʨ., 2006). 

6. ʨʘʩʪʚʦʨ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ (ʛ/ʣ): ʕɼʊɸ ï 2.50, ZnSO4 Ĭ 2H2O ï 10.95, 

FeSO4 Ĭ 7H2O ï 5.0, MnSO4 Ĭ 2H2O ï 1.54, CuSO4 Ĭ 5H2O ï 0.39, 

Co(NO3)2 Ĭ 6H2O ï 0.24, Na2B4O7 Ĭ 10H2O ï 0.17. 

7. ʨʘʩʪʚʦʨʳ ʚʠʪʘʤʠʥʦʚ (ʤʢʛ/ʣ): ʙʠʦʪʠʥ ï 0.02, ʪʠʘʤʠʥ ï 0.5, ʨʠʙʦʬʣʘʚʠʥ ï 

0.5, ʠʥʦʟʠʪʦʣ ï 0.5.  

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʧʣʦʪʥʳʭ ʩʨʝʜ ʚʥʦʩʠʣʠ ʘʛʘʨ ʜʦ 1.5 %. 

ɺ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʥʳ ʘʥʘʣʠʪʠʯʝʩʢʠ ʯʠʩʪʳʝ (>98%): ʙʝʥʟʦʣ, ʪʦʣʫʦʣ, 

ʬʝʥʦʣ, ʙʠʬʝʥʠʣʘ ʥʘʬʪʘʣʠʥ, ʬʝʥʘʥʪʨʝʥ, ʙʝʥʟʦʡʥʘʷ ʢʠʩʣʦʪʘ (ɹʂ), 

2,4-ʜʠʭʣʦʨʬʝʥʦʢʩʠʘʮʝʪʘʪ (2,4ɼ), 2-ʛʠʜʨʦʢʩʠʙʝʥʟʦʘʪ/ʩʘʣʠʮʠʣʘʪ (2-ʅʆ-ɹʂ), 

3-ʛʠʜʨʦʢʩʠʙʝʥʟʦʘʪ (3-ʅʆ-ɹʂ), 4-ʛʠʜʨʦʢʩʠʙʝʥʟʦʘʪ (4-ʅʆ-ɹʂ), 

2,4-ʜʠʛʠʜʨʦʢʩʠʙʝʥʟʦʘʪ (2,4-ʜʠʅʆ-ɹʂ), 2,5-ʜʠʛʠʜʨʦʢʩʠʙʝʥʟʦʘʪ (2,5-ʜʠʅʆ-

ɹʂ), 3,4-ʜʠʛʠʜʨʦʢʩʠʙʝʥʟʦʘʪ (3,4-ʜʠʅʆ-ɹʂ), ʛʝʥʪʠʟʘʪ, ʦʨʪʦ-ʬʪʘʣʘʪ, 

2-ʭʣʦʨʙʝʥʦʟʦʡʥʘʷ (2-ʍɹʂ), 3-ʭʣʦʨʙʝʥʟʦʡʥʘʷ (3-ʍɹʂ), 4-ʭʣʦʨʙʝʥʟʦʡʥʘʷ            

(4-ʍɹʂ), 2,4-ʜʠʭʣʦʨʙʝʥʟʦʡʥʘʷ (2,4-ʜʠʍɹʂ), 2,3-ʜʠʭʣʦʨʙʝʥʟʦʡʥʘʷ                   

(2,3-ʜʠʍɹʂ), 2,5-ʜʠʭʣʦʨʙʝʥʟʦʡʥʘʷ (2,5-ʜʠʍɹʂ), 2,6-ʜʠʭʣʦʨʙʝʥʟʦʡʥʘʷ                
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(2,6-ʜʠʍɹʂ), 3,5-ʜʠʭʣʦʨʙʝʥʟʦʡʥʘʷ (3,5-ʜʠʍɹʂ), 3,4-ʜʠʭʣʦʨʙʝʥʟʦʡʥʘʷ               

(3,4-ʜʠʍɹʂ) ʢʠʩʣʦʪʳ, ʇʍɹ 1 (2-ʭʣʦʨʙʠʬʝʥʠʣ), ʇʍɹ 2 (3-ʭʣʦʨʙʠʬʝʥʠʣ), 

ʇʍɹ 3 (4-ʭʣʦʨʙʠʬʝʥʠʣ), ʇʍɹ 4 (2,2ô-ʜʠʭʣʦʨʙʠʬʝʥʠʣ), ʇʍɹ 8                         

(2,4ô-ʜʠʭʣʦʨʙʠʬʝʥʠʣ), ʇʍɹ 12 (3,4-ʜʠʭʣʦʨʙʠʬʝʥʠʣ), ʇʍɹ 15                            

(4,4ô-ʜʠʭʣʦʨʙʠʬʝʥʠʣ), ʇʍɹ 17 (2,4,2ô-ʪʨʠʭʣʦʨʙʠʬʝʥʠʣ), ʇʍɹ 28                       

(2,4,4ô-ʪʨʠʭʣʦʨʙʠʬʝʥʠʣ), ʇʍɹ 29 (2,4,5-ʪʨʠʭʣʦʨʙʠʬʝʥʠʣ, ʇʍɹ 30                    

(2,4,6-ʪʨʠʭʣʦʨʙʠʬʝʥʠʣ), ʊʨʠʭʣʦʨʙʠʬʝʥʠʣ (ʊʍɹ) (ʆʉʊ 6-01-24-85, ʈʦʩʩʠʷ), 

ʉʦʚʦʣ (ʆʉʊ 6-01-24-75, ʈʦʩʩʠʷ), Delor 103 (Chemko Str§ģske, ʏʝʭʦʩʣʦʚʘʢʠʷ). 

ʄʠʥʝʨʘʣʴʥʳʝ ʩʦʣʠ ʠ ʦʨʛʘʥʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ, ʠʩʧʦʣʴʟʦʚʘʥʥʳʝ 

ʚ ʨʘʙʦʪʝ, ʧʨʦʠʟʚʝʜʝʥʳ çSigma-Aldrichè (ʉʐɸ, ɻʝʨʤʘʥʠʷ), çAcros-organicsè 

(ʉʐɸ), ɿɸʆ çʅʇʆ ʕʢʨʦʩè (ʈʦʩcʠʷ), ɿɸʆ çʅʇʂ ʂʨʠʦʭʨʦʤè (ʈʦʩʩʠʷ). 

ɺ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʩʤʝʩʠ ʭʠʤʠʯʝʩʢʠ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʧʦʣʠʭʣʦʨʙʠʬʝʥʠʣʦʚ (ʇʨʠʣʦʞʝʥʠʝ 4), ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ 

ʚ ʀʥʩʪʠʪʫʪʝ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʩʠʥʪʝʟʘ ʠʤ. ʀ.ʗ. ʇʦʩʪʦʚʩʢʦʛʦ ʋʨʆ ʈɸʅ 

(ʀʆʉ ʋʨʆ ʈɸʅ) ʚ ʨʘʤʢʘʭ ʩʦʚʤʝʩʪʥʦ ʚʳʧʦʣʥʷʝʤʳʭ ʧʨʦʝʢʪʦʚ (ɽʛʦʨʦʚʘ ʠ ʜʨ., 

2013, 2019; ɻʦʨʙʫʥʦʚʘ ʠ ʜʨ., 2014, 2019; Egorova et al., 2020; Gorbunova et al., 

2021).  

ʋʩʣʦʚʠʷ ʥʘʢʦʧʠʪʝʣʴʥʦʛʦ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ 

ʆʙʨʘʟʮʳ ʧʦʯʚʳ (10 ʛ) ʙʳʣʠ ʧʦʤʝʱʝʥʳ ʚ 250 ʤʣ ʢʦʣʙʳ ʩ 100 ʤʣ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʤʠʥʝʨʘʣʴʥʦʡ ʩʨʝʜʳ. ɺ ʢʘʯʝʩʪʚʝ ʝʜʠʥʩʪʚʝʥʥʦʛʦ ʠʩʪʦʯʥʠʢʘ 

ʫʛʣʝʨʦʜʘ ʠ ʵʥʝʨʛʠʠ ʠʩʧʦʣʴʟʦʚʘʣʠ ʦʜʠʥ ʠʟ ʩʫʙʩʪʨʘʪʦʚ, ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʚʳʰʝ, 

ʠ/ʠʣʠ ʩʤʝʩʴ ʧʦʣʠʭʣʦʨʠʨʦʚʘʥʥʳʭ ʙʠʬʝʥʠʣʦʚ ʤʘʨʢʠ ʉʦʚʦʣ. ʀʥʢʫʙʘʮʠʶ 

ʦʩʫʱʝʩʪʚʣʷʣʠ 2ï4 ʥʝʜʝʣʠ ʥʘ ʪʝʨʤʦʢʘʯʘʣʢʝ (Environmental Shaker-Incubator ES 

20/60, çBioSanè, ʃʘʪʚʠʷ) (100 ʦʙ/ʤʠʥ.) ʣʠʙʦ ʚ ʪʝʨʤʦʩʪʘʪʝ (ʊʉ-1/80 ʉʇʋ, 

ʈʦʩʩʠʷ) ʧʨʠ +28ęʉ. 

ʋʩʣʦʚʠʷ ʧʝʨʠʦʜʠʯʝʩʢʦʛʦ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ʙʘʢʪʝʨʠʘʣʴʥʳʭ ʘʩʩʦʮʠʘʮʠʡ ï 

10 ʤʣ ʙʘʢʪʝʨʠʘʣʴʥʦʡ ʢʫʣʴʪʫʨʳ, ʧʦʣʫʯʝʥʥʦʡ ʧʨʠ ʥʘʢʦʧʠʪʝʣʴʥʦʤ 

ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʩ ʉʦʚʦʣʦʤ, ʧʦʤʝʱʘʣʠ ʚ ʢʦʣʙʫ ʕʨʣʝʥʤʝʡʝʨʘ ʦʙʲʝʤʦʤ 

250 ʤʣ, ʩʦʜʝʨʞʘʱʝʡ 90 ʤʣ ʤʠʥʝʨʘʣʴʥʦʡ ʩʨʝʜʳ ʠ 100 ʤʛ ʩʫʙʩʪʨʘʪʘ (ʧʝʨʝʯʝʥʴ 
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ʩʫʙʩʪʨʘʪʦʚ ʧʨʠʚʝʜʝʥ ʚ ʨʘʟʜʝʣʝ 2.5). ʂʫʣʴʪʠʚʠʨʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʠ ʥʘ 

ʪʝʨʤʦʩʪʘʪʠʨʫʝʤʦʡ ʢʨʫʛʦʚʦʡ ʢʘʯʘʣʢʝ (Environmental Shaker-Incubator ES 

20/60, çBioSanè, ʃʘʪʚʠʷ) ʧʨʠ 120 ʦʙ/ʤʠʥ ʠ +28ęʉ ʚ ʪʝʯʝʥʠʝ 14ï28 ʜʥʝʡ. 

ʇʦʩʣʝʜʫʶʱʠʝ ʧʝʨʝʩʝʚʳ (ʥʘ ʤʠʥʝʨʘʣʴʥʫʶ ʩʨʝʜʫ ʠ ʨʦʩʪʦʚʦʡ ʩʫʙʩʪʨʘʪ 

ʚ ʢʦʥʮʝʥʪʨʘʮʠʠ 1 ʛ/ʣ) ʧʨʦʠʟʚʦʜʠʣʠ ʯʝʨʝʟ ʢʘʞʜʳʝ 7 ʜʥʝʡ. ɹʘʢʪʝʨʠʘʣʴʥʦʝ 

ʩʦʦʙʱʝʩʪʚʦ ʩʯʠʪʘʣʠ ʩʪʘʙʠʣʴʥʳʤ, ʝʩʣʠ ʧʨʠ 10 ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʧʝʨʝʩʝʚʘʭ 

ʝʛʦ ʩʦʩʪʘʚ ʥʝ ʠʟʤʝʥʷʣʩ.̫ 

ʋʩʣʦʚʠʷ ʧʝʨʠʦʜʠʯʝʩʢʦʛʦ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʢʫʣʴʪʫʨ ï 

ʟʘʩʝʚ ʰʪʘʤʤʦʚ ʧʨʦʠʟʚʦʜʠʣʠ ʩ ʪʚʝʨʜʦʡ ʠʣʠ ʞʠʜʢʦʡ ʩʨʝʜʳ (1 ʤʣ) ʚ ʢʦʣʙʳ 

ʕʨʣʝʥʤʝʡʝʨʘ ʦʙʲʝʤʦʤ 250 ʤʣ, ʩʦʜʝʨʞʘʱʠʝ 100 ʤʣ 

ʤʠʥʝʨʘʣʴʥʦʡ/ʧʦʣʥʦʮʝʥʥʦʡ ʩʨʝʜʳ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʠʩʪʦʯʥʠʢ ʫʛʣʝʨʦʜʘ. 

ʂʫʣʴʪʠʚʠʨʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʠ ʥʘ ʪʝʨʤʦʩʪʘʪʠʨʫʝʤʦʡ ʢʨʫʛʦʚʦʡ ʢʘʯʘʣʢʝ 

(Environmental Shaker-Incubator ES 20/60, çBioSanè, ʃʘʪʚʠʷ) ʧʨʠ 120 ʦʙ/ʤʠʥ 

ʠ +28ęʉ. ʂʫʣʴʪʫʨʳ ʧʦʜʜʝʨʞʠʚʘʣʠ ʥʘ ʧʣʦʪʥʳʭ ʧʠʪʘʪʝʣʴʥʳʭ ʩʨʝʜʘʭ, 

ʠʥʢʫʙʘʮʠʶ ʦʩʫʱʝʩʪʚʣʷʣʠ ʚ ʪʝʨʤʦʩʪʘʪʝ (ʊʉ-1/80 ʉʇʋ, ʈʦʩʩʠʷ) ʧʨʠ +28ęʉ. 

ɺʳʜʝʣʝʥʠʝ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʰʪʘʤʤʦʚ ʧʨʦʠʟʚʦʜʠʣʠ ʠʟ ʥʘʢʦʧʠʪʝʣʴʥʳʭ 

ʢʫʣʴʪʫʨ ʧʫʪʝʤ ʚʳʩʝʚʘ ʥʘ ʘʛʘʨʠʟʦʚʘʥʥʫʶ ʤʠʥʝʨʘʣʴʥʫʶ ʩʨʝʜʫ 

ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʩʫʙʩʪʨʘʪʦʤ ʤʝʪʦʜʦʤ ʩʝʨʠʡʥʳʭ ʨʘʟʚʝʜʝʥʠʡ, ʠʟ ʦʪʜʝʣʴʥʳʭ 

ʢʦʣʦʥʠʡ ʚʳʜʝʣʷʣʠ ʯʠʩʪʳʝ ʢʫʣʴʪʫʨʳ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ-ʜʝʩʪʨʫʢʪʦʨʦʚ. ʏʠʩʪʦʪʘ 

ʢʫʣʴʪʫʨ ʢʦʥʪʨʦʣʠʨʦʚʘʣʘʩʴ ʚʳʩʝʚʦʤ ʥʘ ʘʛʘʨʠʟʦʚʘʥʥʫ  ʁʩʨʝʜʫ LB. 

ɼʣʷ ʜʣʠʪʝʣʴʥʦʛʦ ʭʨʘʥʝʥʠʷ ʰʪʘʤʤʦʚ ʧʨʠʤʝʥʷʣʠ ʢʨʠʦʢʦʥʩʝʨʚʘʮʠʶ 

(ʢʨʠʦʧʨʦʪʝʢʪʦʨ ï ʛʣʠʮʝʨʠʥ, ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʨʝʞʠʤ -80Üʉ, ʧʝʨʠʦʜ ʭʨʘʥʝʥʠʷ 

ʜʦ 10 ʣʝʪ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʧʝʨʝʩʝʚʦʤ ʠ ʧʦʚʪʦʨʥʳʤ ʟʘʤʦʨʘʞʠʚʘʥʠʝʤ). 

 

2.4. ɸʥʘʣʠʟ ʨʦʩʪʦʚʳʭ ʧʘʨʘʤʝʪʨʦʚ ʙʘʢʪʝʨʠʘʣʴʥʳʭ ʘʩʩʦʮʠʘʮʠʡ ʠ 

ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʰʪʘʤʤʦʚ 

ɹʘʢʪʝʨʠʘʣʴʥʳʝ ʘʩʩʦʮʠʘʮʠʠ ʠ ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʰʪʘʤʤʳ ʢʫʣʴʪʠʚʠʨʦʚʘʣʠ 

ʚ ʤʠʥʝʨʘʣʴʥʦʡ ʩʨʝʜʝ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʩʫʙʩʪʨʘʪʦʤ ʚ ʫʩʣʦʚʠʷʭ ʘʵʨʠʨʦʚʘʥʠʷ 
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ʥʘ ʪʝʨʤʦʩʪʘʪʠʨʫʝʤʦʡ ʢʨʫʛʦʚʦʡ ʢʘʯʘʣʢʝ (Environmental Shaker-Incubator ES 

20/60, çBioSanè, ʃʘʪʚʠʷ) ʧʨʠ 120 ʦʙ/ʤʠʥ ʠ +28ęʉ. ʂʘʞʜʳʝ 24 ʯʘʩʘ 

ʧʨʦʠʟʚʦʜʠʣʠ ʠʟʤʝʨʝʥʠʝ ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ ʢʫʣʴʪʫʨʳ ʥʘ 

ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʝ BioSpec-mini, çShimadzuè, ʗʧʦʥʠʷ, ʧʨʠ ʜʣʠʥʝ ʚʦʣʥʳ 

600 ʥʤ. ʋʜʝʣʴʥʫʶ ʩʢʦʨʦʩʪʴ ʨʦʩʪʘ (ɛ) ʨʘʩʩʯʠʪʳʚʘʣʠ ʧʦ ʢʣʘʩʩʠʯʝʩʢʦʡ 

ʤʝʪʦʜʠʢʝ  

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. 

ʂʦʣʠʯʝʩʪʚʦ ʢʦʣʦʥʠʝʦʙʨʘʟʫʶʱʠʭ ʝʜʠʥʠʮ (ʂʆɽ/ʤʣ) ʦʧʨʝʜʝʣʷʣʠ 

ʤʝʪʦʜʦʤ ʩʝʨʠʡʥʳʭ ʨʘʟʚʝʜʝʥʠʡ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʚʳʩʝʚʦʤ ʥʘ ʯʘʰʢʠ ʇʝʪʨʠ 

ʩ ʘʛʘʨʠʟʦʚʘʥʥʦʡ ʩʨʝʜʦʡ LB ʠ ʧʦʜʩʯʝʪʦʤ ʢʦʣʦʥʠʡ ʥʘ 3ï7 ʩʫʪʢʠ 

ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ʧʨʠ +28ęʉ. 

 

2.5. ɸʨʦʤʘʪʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ, ʠʩʧʦʣʴʟʦʚʘʥʥʳʝ ʚ ʢʘʯʝʩʪʚʝ 

ʩʫʙʩʪʨʘʪʦʚ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ 

ʉʧʦʩʦʙʥʦʩʪʴ ʰʪʘʤʤʦʚ ʢ ʫʪʠʣʠʟʘʮʠʠ ʨʘʟʣʠʯʥʳʭ ʘʨʦʤʘʪʠʯʝʩʢʠʭ 

ʩʦʝʜʠʥʝʥʠʡ, ʠʭ ʛʘʣʦʛʝʥʧʨʦʠʟʚʦʜʥʳʭ ʠ ʚʦʟʤʦʞʥʳʭ ʤʝʪʘʙʦʣʠʪʦʚ ʦʧʨʝʜʝʣʷʣʠ 

ʧʫʪʝʤ ʚʳʨʘʱʠʚʘʥʠʷ ʚ ʤʠʥʝʨʘʣʴʥʦʡ ʩʨʝʜʝ ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ ʚ ʢʘʯʝʩʪʚʝ 

ʨʦʩʪʦʚʳʭ ʩʫʙʩʪʨʘʪʦʚ ʙʝʥʟʦʣʘ, ʪʦʣʫʦʣʘ, ʬʝʥʦʣʘ, ʙʠʬʝʥʠʣʘ, ʥʘʬʪʘʣʠʥʘ, 

ʬʝʥʘʥʪʨʝʥʘ, ʙʝʥʟʦʡʥʦʡ ʢʠʩʣʦʪʳ ʠ ʝʝ ʭʣʦʨ- ʠ ʛʠʜʨʦʢʩʠ-ʧʨʦʠʟʚʦʜʥʳʭ, 

ʛʝʥʪʠʟʘʪʘ, ʦʨʪʦ-ʬʪʘʣʘʪʘ, ʢʘʪʝʭʦʣʘ, ʩʤʝʩʝʡ ʇʍɹ (ʉʦʚʦʣʘ, Delor 103/ʊʍɹ), 

ʤʦʥʦ- ʠ ʜʠʭʣʦʨʠʨʦʚʘʥʥʳʭ ʙʠʬʝʥʠʣʦʚ. ɸʨʦʤʘʪʠʯʝʩʢʠʝ ʥʝʟʘʤʝʱʝʥʥʳʝ 

ʩʦʝʜʠʥʝʥʠʷ ʧʦʤʝʱʘʣʠ ʥʘ ʢʨʳʰʢʫ ʯʘʰʢʠ ʇʝʪʨʠ ʩ ʧʦʩʣʝʜʫʶʱʠʤ 

ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʝʤ çʚ ʧʘʨʘʭè, ʣʠʙʦ ʚ ʞʠʜʢʫʶ ʩʨʝʜʫ ʙʝʟ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ 

ʨʘʩʪʚʦʨʝʥʠʷ. ɸʨʦʤʘʪʠʯʝʩʢʠʝ ʢʠʩʣʦʪʳ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʨʘʩʪʚʦʨʷʣʠ ʚ ʚʦʜʝ 

ʩ ʜʦʚʝʜʝʥʠʝʤ ʫʨʦʚʥʷ ʨʅ ʜʦ ʥʝʡʪʨʘʣʴʥʦʛʦ NaOH, ʇʍɹ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ 

ʨʘʩʪʚʦʨʷʣʠ ʚ ʘʮʝʪʦʥʝ, ʜʘʣʝʝ ʚʥʦʩʠʣʠ ʚ ʩʨʝʜʫ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ. ʇʦʷʚʣʝʥʠʝ 

ʚʠʜʠʤʳʭ ʢʦʣʦʥʠʡ ʧʨʠ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʥʘ ʧʣʦʪʥʦʡ ʩʨʝʜʝ ʠ ʧʦʚʳʰʝʥʠʝ 
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ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ ʢʫʣʴʪʫʨʳ ʧʨʠ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʚ ʞʠʜʢʦʡ ʩʨʝʜʝ 

ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʣʦ ʦʙ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʫʙʩʪʨʘʪʘ ʚ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ 

ʫʛʣʝʨʦʜʘ. 

 

2.6. ʄʝʪʦʜʳ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʙʘʢʪʝʨʠʡ 

ʄʦʨʬʦʣʦʛʠʯʝʩʢʠʝ ʤʝʪʦʜʳ 

ʄʦʨʬʦʣʦʛʠʶ ʢʦʣʦʥʠʡ ʦʧʠʩʳʚʘʣʠ ʧʦ ʦʙʱʝʧʨʠʥʷʪʳʤ ʤʝʪʦʜʠʢʘʤ 

(ʄʝʪʦʜʳ ʦʙʱʝʡ ʙʘʢʪʝʨʠʦʣʦʛʠʠ, 1983). 

ʄʦʨʬʦʣʦʛʠʶ ʠ ʞʠʟʥʝʥʥʳʡ ʮʠʢʣ ʢʣʝʪʦʢ ʠʟʫʯʘʣʠ ʫ 12ï72 ʯʘʩʦʚʳʭ 

ʢʫʣʴʪʫʨ, ʚʳʨʘʱʝʥʥʳʭ ʥʘ ʘʛʘʨʠʟʦʚʘʥʥʦʡ ʩʨʝʜʝ LB ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʚʝʪʦʚʦʡ 

ʤʠʢʨʦʩʢʦʧʠʠ (ʬʘʟʦʚʳʡ ʢʦʥʪʨʘʩʪ). ʇʦʜʚʠʞʥʦʩʪʴ ʙʘʢʪʝʨʠʡ ʦʧʨʝʜʝʣʷʣʠ ʧʫʪʝʤ 

ʤʠʢʨʦʩʢʦʧʠʨʦʚʘʥʠʷ ʧʨʝʧʘʨʘʪʘ "ʨʘʟʜʘʚʣʝʥʥʘʷ" ʢʘʧʣʷ. 

ʆʪʥʦʰʝʥʠʝ ʢ ʦʢʨʘʩʢʝ ʧʦ ɻʨʘʤʫ ʠʟʫʯʘʣʠ ʦʙʱʝʧʨʠʥʷʪʳʤʠ ʤʝʪʦʜʘʤʠ 

(ʄʝʪʦʜʳ ʦʙʱʝʡ ʙʘʢʪʝʨʠʦʣʦʛʠʠ, 1983). 

ʆʧʨʝʜʝʣʝʥʠʝ ʬʠʟʠʦʣʦʛʦ-ʙʠʦʭʠʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʋ ʠʟʦʣʠʨʦʚʘʥʥʳʭ ʰʪʘʤʤʦʚ ʦʧʨʝʜʝʣʷʣʠ ʦʪʥʦʰʝʥʠʝ ʢ ʢʠʩʣʦʨʦʜʫ, 

ʢʠʩʣʦʪʦʫʩʪʦʡʯʠʚʦʩʪʴ, ʦʙʨʘʟʦʚʘʥʠʝ ʬʣʶʦʨʝʩʮʠʨʫʶʱʝʛʦ ʧʠʛʤʝʥʪʘ, 

ʩʧʦʩʦʙʥʦʩʪʴ ʢ ʨʘʟʞʠʞʝʥʠʶ ʞʝʣʘʪʠʥʘ, ʥʘʣʠʯʠʝ ʢʘʪʘʣʘʟʳ, ʦʢʩʠʜʘʟʳ, 

ʬʦʩʬʘʪʘʟʳ, ʣʝʮʠʪʠʥʘʟʳ, ʩʧʦʩʦʙʥʦʩʪʴ ʢ ʛʠʜʨʦʣʠʟʫ ʢʨʘʭʤʘʣʘ, 

ʜʝʥʠʪʨʠʬʠʢʘʮʠʠ, ʨʘʟʣʦʞʝʥʠʶ ʪʠʨʦʟʠʥʘ, ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ ʥʠʪʨʘʪʦʚ 

ʚ ʥʠʪʨʠʪʳ, OF-ʪʝʩʪ, ʮʝʣʣʶʣʦʣʠʪʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ, ʩʧʦʩʦʙʥʦʩʪʴ ʢ ʨʦʩʪʫ ʥʘ 

ʵʪʘʥʦʣʝ, ʦʙʨʘʟʦʚʘʥʠʝ ʠʥʜʦʣʘ, ʢʠʩʣʦʪʳ ʠʟ ʫʛʣʝʚʦʜʦʚ ʠ ʩʧʠʨʪʦʚ ʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʦʨʛʘʥʠʯʝʩʢʠʭ ʢʠʩʣʦʪ (ʄʝʪʦʜʳ ʦʙʱʝʡ ʙʘʢʪʝʨʠʦʣʦʛʠʠ, 1983). 

ʄʝʪʦʜʳ ʘʥʘʣʠʟʘ ʭʝʤʦʪʘʢʩʦʥʦʤʠʯʝʩʢʠʭ ʧʨʠʟʥʘʢʦʚ 

ɼʣʷ ʠʟʫʯʝʥʠʷ ʭʝʤʦʪʘʢʩʦʥʦʤʠʯʝʩʢʠʭ ʧʨʠʟʥʘʢʦʚ ʛʨʘʤʧʦʣʦʞʠʪʝʣʴʥʳʝ 

ʙʘʢʪʝʨʠʠ ʚʳʨʘʱʠʚʘʣʠ ʘʵʨʦʙʥʦ ʥʘ ʧʝʧʪʦʥʥʦ-ʜʨʦʞʞʝʚʦʡ ʩʨʝʜʝ (ʛʣʶʢʦʟʘ ï 5 ʛ, 

ʧʝʧʪʦʥ ï 5 ʛ, ʜʨʦʞʞʝʚʦʡ ʵʢʩʪʨʘʢʪ ï 3 ʛ, ʂ2ʅʈʆ4 ï 0.2). ɼʠʘʛʥʦʩʪʠʯʝʩʢʠʝ 

ʘʤʠʥʦʢʠʩʣʦʪʳ ʠ ʩʘʭʘʨʘ ʢʣʝʪʦʯʥʳʭ ʩʪʝʥʦʢ ʦʧʨʝʜʝʣʷʣʠ, ʢʘʢ ʦʧʠʩʘʥʦ (Becker et 

al., 1964).  
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ʆʙʥʘʨʫʞʝʥʠʝ ʘʤʠʥʦʢʠʩʣʦʪ ʧʨʦʚʦʜʠʣʠ ʚ ʛʠʜʨʦʣʠʟʘʪʘʭ ʮʝʣʳʭ ʢʣʝʪʦʢ 

ʩʦʛʣʘʩʥʦ ʤʝʪʦʜʠʢʝ (Becker et al., 1964). ɺʳʷʚʣʝʥʠʝ ʩʘʭʘʨʦʚ ʠ ʤʠʢʦʣʦʚʳʭ 

ʢʠʩʣʦʪ ʧʨʦʚʦʜʠʣʠ ʪʘʢʞʝ ʚ ʛʠʜʨʦʣʠʟʘʪʘʭ ʮʝʣʳʭ ʢʣʝʪʦʢ, ʩʦʛʣʘʩʥʦ (Goodfellow, 

Minnikin, 1985).  

ʕʢʩʪʨʘʢʮʠʷ ʣʠʧʠʜʦʚ ʢʣʝʪʦʯʥʦʡ ʩʪʝʥʢʠ. ʂʫʣʴʪʫʨʫ ʰʪʘʤʤʘ ʂʊ112-7 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʚʳʨʘʱʠʚʘʣʠ ʚ ɹʉʈ ʩ ʜʦʙʘʚʣʝʥʠʝʤ NaCl (10ï90 ʛ/ʣ) ʢʘʢ 

ʦʧʠʩʘʥʦ ʚʳʰʝ. ʂʣʝʪʢʠ ʦʩʘʞʜʘʣʠ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʝʤ ʧʨʠ 8240 g (3ʂ30, 

çSartoriusè, ɻʝʨʤʘʥʠʷ) 10 ʤʠʥ ʧʨʠ 20Üʉ ʠ ʚʳʩʫʰʠʚʘʣʠ ʜʦ ʧʦʩʪʦʷʥʥʦʡ ʤʘʩʩʳ. 

ʕʢʩʪʨʘʢʮʠʶ ʧʨʦʚʦʜʠʣʠ ʠʟ 100 ʤʛ ʩʫʭʠʭ ʢʣʝʪʦʢ 30 ʤʣ ʩʤʝʩʠ ʵʪʘʥʦʣ ï 

ʭʣʦʨʦʬʦʨʤ ï ʚʦʜʘ 14:7:4. ʇʦʣʫʯʝʥʥʳʝ ʵʢʩʪʨʘʢʪʳ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʣʠ ʧʨʠ 

15093 g 7 ʤʠʥ ʥʘ ʮʝʥʪʨʠʬʫʛʝ miniSpin (çEppendorfè, ɻʝʨʤʘʥʠʷ). 

ʅʘʜʦʩʘʜʦʯʥʫʶ ʞʠʜʢʦʩʪʴ ʧʝʨʝʥʦʩʠʣʠ ʚ ʨʝʘʢʪʦʨʳ ʝʤʢʦʩʪʴʶ 3 ʤʣ, ʧʦʤʝʱʘʣʠ 

ʠʭ ʚ ʪʝʨʤʦʩʪʘʪ ʥʘ 60Áʉ ʠ ʫʧʘʨʠʚʘʣʠ ʜʦʩʫʭʘ.  

ɸʥʘʣʠʟ ʞʠʨʥʳʭ ʢʠʩʣʦʪ ʢʣʝʪʦʯʥʦʡ ʩʪʝʥʢʠ. ɸʥʘʣʠʟ ʧʨʦʚʦʜʠʣʠ ʤʝʪʦʜʦʤ 

ʛʘʟʦʚʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ ʩ ʧʣʘʤʝʥʥʦ-ʠʦʥʠʟʘʮʠʦʥʥʳʤ ʠ ʤʘʩʩ-

ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʠʤ ʜʝʪʝʢʪʦʨʘʤʠ. ɺ ʨʝʘʢʪʦʨʳ ʩ ʵʢʩʪʨʘʢʪʘʤʠ ʣʠʧʠʜʦʚ 

ʜʦʙʘʚʣʷʣʠ 1 ʤʣ ʵʪʠʣʦʚʦʛʦ ʩʧʠʨʪʘ ʠ 0.1 ʤʣ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʡ ʩʝʨʥʦʡ 

ʢʠʩʣʦʪʳ, ʩʤʝʩʴ ʧʝʨʝʤʝʰʠʚʘʣʠ. ʈʝʘʢʪʦʨ ʧʦʤʝʱʘʣʠ ʚ ʚʦʜʷʥʫʶ ʙʘʥʶ ʠ 

ʚʳʜʝʨʞʠʚʘʣʠ 30-40 ʤʠʥ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 80Áʉ, ʟʘʪʝʤ ʨʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ 

ʦʭʣʘʞʜʘʣʠ ʜʦ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ. ɼʘʣʝʝ ʚ ʨʝʘʢʪʦʨ ʜʦʙʘʚʣʷʣʠ 1 ʤʣ 

ʛʝʢʩʘʥʘ ʠ ʧʝʨʝʥʦʩʠʣʠ ʧʦʣʫʯʝʥʥʫʶ ʩʤʝʩʴ ʚ ʤʝʨʥʫʶ ʧʨʦʙʠʨʢʫ ʥʘ 10 ʤʣ, 

ʜʦʙʘʚʣʷʣʠ 5 ʤʣ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʳ ʠ ʧʨʦʚʦʜʠʣʠ ʦʪʤʳʚʢʫ-ʵʢʩʪʨʘʢʮʠʶ 

2 ʨʘʟʘ ʧʦ 2 ʤʠʥ. ʇʦʩʣʝ ʨʘʩʩʣʦʝʥʠʷ ʬʘʟ ʧʨʦʚʦʜʠʣʠ ʘʥʘʣʠʟ ʛʝʢʩʘʥʦʚʦʛʦ ʩʣʦʷ 

ʚ ʫʩʣʦʚʠʷʭ ɻʍ-ʇʀɼ ʠ ɻʍ-ʄʉɼ.  

ʋʩʣʦʚʠʷ ɻʍ-ʇʀɼ. ɼʣʷ ʘʥʘʣʠʟʘ ʠʩʧʦʣʴʟʦʚʘʣʠ ʛʘʟʦʚʳʡ ʭʨʦʤʘʪʦʛʨʘʬ 

çShimadzu GC 2010è (ʗʧʦʥʠʷ), ʩ ʧʣʘʤʝʥʥʦ-ʠʦʥʠʟʘʮʠʦʥʥʳʤ ʜʝʪʝʢʪʦʨʦʤ, 

ʢʚʘʨʮʝʚʦʡ ʢʘʧʠʣʣʷʨʥʦʡ ʢʦʣʦʥʢʦʡ ZB-5 ʜʣʠʥʦʡ 30 ʤ, ʜʠʘʤʝʪʨʦʤ 0.25 ʤʤ, 

ʪʦʣʱʠʥʘ ʧʣʝʥʢʠ 0.25 ʤʢʤ. ʅʘʯʘʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʢʦʣʦʥʢʠ 40Áʉ (ʚʳʜʝʨʞʢʘ 

3 ʤʠʥ), ʜʘʣʝʝ ʥʘʛʨʝʚ ʩʦ ʩʢʦʨʦʩʪʴʶ 10Áʉ/ʤʠʥ ʜʦ 280Áʉ (ʚʳʜʝʨʞʢʘ 30 ʤʠʥ). 
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ʊʝʤʧʝʨʘʪʫʨʘ ʠʩʧʘʨʠʪʝʣʷ - 250Áʉ, ʜʝʪʝʢʪʦʨʘ 300Áʉ, ʛʘʟ-ʥʦʩʠʪʝʣʴ ï ʘʟʦʪ, 

ʜʝʣʝʥʠʝ ʧʦʪʦʢʘ 1:30, ʨʘʩʭʦʜ ʯʝʨʝʟ ʢʦʣʦʥʢʫ 1.0 ʤʣ/ʤʠʥ. ʆʙʲʝʤ ʧʨʦʙʳ 1.0 ʤʢʣ.  

ʋʩʣʦʚʠʷ ɻʍ-ʄʉɼ. ɼʣʷ ʘʥʘʣʠʟʘ ʠʩʧʦʣʴʟʦʚʘʣʠ ʛʘʟʦʚʳʡ ʭʨʦʤʘʪʦʛʨʘʬ-

ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨ çAgilent GC 7890A MS 5975C Inert XL EI/CIè (ʉʐɸ) 

ʩ ʢʚʘʜʨʫʧʦʣʴʥʳʤ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʠʤ ʜʝʪʝʢʪʦʨʦʤ, ʢʚʘʨʮʝʚʦʡ 

ʢʘʧʠʣʣʷʨʥʦʡ ʢʦʣʦʥʢʦʡ HP-5MS ʜʣʠʥʦʡ 30 ʤ, ʜʠʘʤʝʪʨʦʤ 0.25 ʤʤ. ʇʘʨʘʤʝʪʨʳ, 

ʧʨʠ ʢʦʪʦʨʳʭ ʧʨʦʚʦʜʠʣʩʷ ʘʥʘʣʠʟ: ʪʦʣʱʠʥʘ ʧʣʝʥʢʠ - 0.25 ʤʢʤ; ʵʣʝʢʪʨʦʥʥʘʷ 

ʠʦʥʠʟʘʮʠʷ 70 ʵɺ; ʩʢʘʥʠʨʦʚʘʥʠʝ ʧʦ ʧʦʣʥʦʤʫ ʠʦʥʥʦʤʫ ʪʦʢʫ ʚ ʠʥʪʝʨʚʘʣʝ m/z 

20-1000 Da; ʛʘʟ-ʥʦʩʠʪʝʣʴ ï ʛʝʣʠʡ, ʜʝʣʝʥʠʝ ʧʦʪʦʢʘ 1:50, ʨʘʩʭʦʜ ʯʝʨʝʟ ʢʦʣʦʥʢʫ 

1.0 ʤʣ/ʤʠʥ; ʪʝʤʧʝʨʘʪʫʨʘ ʢʦʣʦʥʢʠ ï ʥʘʯʘʣʴʥʘʷ 40Áʉ (ʚʳʜʝʨʞʢʘ 3 ʤʠʥ), 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ ʩʦ ʩʢʦʨʦʩʪʴʶ 10Áʉ/ʤʠʥ ʜʦ 290Áʉ (ʚʳʜʝʨʞʢʘ 30 ʤʠʥ), 

ʪʝʤʧʝʨʘʪʫʨʘ ʠʩʧʘʨʠʪʝʣʷ ï 250Áʉ, ʪʝʤʧʝʨʘʪʫʨʘ ʠʩʪʦʯʥʠʢʘ ï 230Áʉ, 

ʢʚʘʜʨʫʧʦʣʷ ï 150Áʉ, ʧʝʨʝʭʦʜʥʦʡ ʢʘʤʝʨʳ ï 280Áʉ, ʦʙʲʝʤ ʧʨʦʙʳ 1.0 ʤʢʣ.  

ʀʜʝʥʪʠʬʠʢʘʮʠʶ ʢʦʤʧʦʥʝʥʪʦʚ ʧʨʦʚʦʜʠʣʠ ʥʘ ʦʩʥʦʚʘʥʠʠ ʙʘʟʳ ʤʘʩʩ-

ʩʧʝʢʪʨʦʚ NIST05 ʠ ʘʥʘʣʠʟʘ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʢʠʩʣʦʪ. ʂʦʣʠʯʝʩʪʚʝʥʥʫʶ ʦʮʝʥʢʫ 

ʧʨʦʚʦʜʠʣʠ ʥʘ ʦʩʥʦʚʘʥʠʠ ʚʝʣʠʯʠʥʳ ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʠʭ ʧʠʢʦʚ. 

ɻʝʥʝʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʙʘʢʪʝʨʠʡ 

ɺʆʍ-ʇʎʈ. ɻʝʥʝʪʠʯʝʩʢʦʝ ʩʭʦʜʩʪʚʦ/ʨʘʟʣʠʯʠʝ ʚʳʜʝʣʝʥʥʳʭ ʰʪʘʤʤʦʚ 

ʦʧʨʝʜʝʣʷʣʠ ʤʝʪʦʜʦʤ ɺʆʍ-ʇʎʈ ʧʦ ʩʪʘʥʜʘʨʪʥʦʡ ʤʝʪʦʜʠʢʝ (Versalovic et al., 

1994). ʇʨʦʜʫʢʪʳ ʨʝʘʢʮʠʠ ʨʘʟʜʝʣʷʣʠ ʧʨʠ ʵʣʝʢʪʨʦʬʦʨʝʪʠʯʝʩʢʦʡ ʨʘʟʛʦʥʢʝ 

ʚ 1.5% ʘʛʘʨʦʟʥʦʤ ʛʝʣʝ, ʧʨʠʛʦʪʦʚʣʝʥʥʦʤ ʥʘ 1 ʭ ʊɺɽ ʙʫʬʝʨʝ (ʄʘʥʠʘʪʠʩ ʠ ʜʨ., 

1984). 

ʀʜʝʥʪʠʬʠʢʘʮʠʷ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʥʫʢʣʝʦʪʠʜʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ 

ʛʝʥʘ 16S ʨʈʅʂ. ɸʤʧʣʠʬʠʢʘʮʠʶ ʛʝʥʦʚ 16S ʨʈʅʂ ʥʘ ʤʘʪʨʠʮʝ ɼʅʂ ʙʘʢʪʝʨʠʡ 

ʦʩʫʱʝʩʪʚʣʷʣʠ ʥʘ ʧʨʠʙʦʨʝ ʉ1000 Touch (çBio-Radè, ʉʐɸ) ʩ ʫʥʠʚʝʨʩʘʣʴʥʳʤʠ 

ʙʘʢʪʝʨʠʘʣʴʥʳʤʠ ʧʨʘʡʤʝʨʘʤʠ 27F ʠ 1492R. 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). 
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ʇʦʣʫʯʝʥʥʳʝ ʥʫʢʣʝʦʪʠʜʥʳʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ 

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʳ CLUSTAL X 1.83. ʠ MEGA 6.0/7.0/ʍ 

(http://www.megasoftware.net). ʇʦʠʩʢ ʛʦʤʦʣʦʛʠʯʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ 

ʧʨʦʠʟʚʝʜʝʥ ʧʦ ʙʘʟʘʤ ʜʘʥʥʳʭ GenBank (http://www.ncbi.nlm.nih.gov) ʠ 

EzTaxon (https://www.ezbiocloud.net/). ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʠʭ 

ʜʝʨʝʚʴʝʚ ʠʩʧʦʣʴʟʦʚʘʣʠ ʘʣʛʦʨʠʪʤ UPGMA (MEGA 6.0ïʍ). ʆʮʝʥʢʫ 

ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʚʝʪʚʣʝʥʠʷ (çbootstrap-ʘʥʘʣʠʟè) ʧʨʦʚʦʜʠʣʠ ʥʘ 

ʦʩʥʦʚʝ 1000 ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʜʝʨʝʚʴʝʚ.  

ʇʦʣʥʦʛʝʥʦʤʥʦʝ ʩʝʢʚʝʥʠʨʦʚʘʥʠʝ. ʉʝʢʚʝʥʠʨʦʚʘʥʠʝ ʛʝʥʦʤʘ ʰʪʘʤʤʘ 

R. wratislaviensis ʂʊ112-7 ʦʩʫʱʝʩʪʚʣʝʥʦ ʥʘ ʧʨʠʙʦʨʝ Illumina HiSeq 1500 

(ʉʐɸ) ʥʘ ʙʘʟʝ ɿɸʆ çɻʝʥʦʘʥʘʣʠʪʠʢʘè (ʄʦʩʢʚʘ, ʈʦʩʩʠʷ). 

ɸʥʘʣʠʟ ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʦʛʦ ʩʭʦʜʩʪʚʘ ʧʦʣʥʳʭ ʛʝʥʦʤʦʚ. ɼʣʷ ʙʦʣʝʝ 

ʪʦʯʥʦʛʦ ʫʩʪʘʥʦʚʣʝʥʠʷ ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʦʛʦ ʧʦʣʦʞʝʥʠʷ ʰʪʘʤʤʘ ʙʳʣ ʧʨʦʚʝʜʝʥ 

ʪʝʩʪ çʩʨʝʜʥʝʡ ʠʜʝʥʪʠʯʥʦʩʪʠ ʥʫʢʣʝʦʪʠʜʦʚ (ANI)è, ʦʩʫʱʝʩʪʚʣʷʶʱʠʡ 

ʩʨʘʚʥʝʥʠʝ ʧʦʣʥʦʛʝʥʦʤʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʠʩʩʣʝʜʫʝʤʦʛʦ ʰʪʘʤʤʘ ʩ 

ʧʦʣʥʦʛʝʥʦʤʥʳʤʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʤʠ ʰʪʘʤʤʦʚ ʠʟ ʙʘʟ ʜʘʥʥʳʭ GenBank ʠ 

ISJEM ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʙʘʟʳ ʜʘʥʥʳʭ NCBI.  

 

2.7. ʄʦʜʝʣʴʥʳʝ ʩʠʩʪʝʤʳ ʜʣʷ ʠʟʫʯʝʥʠʷ ʙʘʢʪʝʨʠʘʣʴʥʦʡ ʜʝʩʪʨʫʢʮʠʠ 

ʧʦʣʠʭʣʦʨʙʠʬʝʥʠʣʦʚ  

ʄʝʪʦʜ ʩ çʦʪʤʳʪʳʤʠè ʢʣʝʪʢʘʤʠ 

ɹʘʢʪʝʨʠʘʣʴʥʳʝ ʘʩʩʦʮʠʘʮʠʠ ʠʣʠ ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʰʪʘʤʤʳ ʚʳʨʘʱʠʚʘʣʠ 

ʚ ʞʠʜʢʦʡ ʤʠʥʝʨʘʣʴʥʦʡ ʩʨʝʜʝ ʩ ʙʠʬʝʥʠʣʦʤ (1 ʛ/ʣ) ʚ ʢʘʯʝʩʪʚʝ ʝʜʠʥʩʪʚʝʥʥʦʛʦ 

ʠʩʪʦʯʥʠʢʘ ʫʛʣʝʨʦʜʘ ʧʨʠ 28Áʉ ʥʘ ʢʨʫʛʦʚʦʡ ʢʘʯʘʣʢʝ Environmental Shaker-

Incubator ES-20/60 (çBioSanè, ʃʘʪʚʠʷ) ʩʦ ʩʢʦʨʦʩʪʴʶ 180 ʦʙ/ʤʠʥ ʜʦ ʆʇ600=1.0. 

ʆʧʪʠʯʝʩʢʫʶ ʧʣʦʪʥʦʩʪʴ ʠʟʤʝʨʷʣʠ ʥʘ BioSpec-mini (çShimadzuè, ʗʧʦʥʠʷ) 

ʧʨʠ ʜʣʠʥʝ ʧʦʣʥʳ 600 ʥʤ ʠ ʜʣʠʥʝ ʦʧʪʠʯʝʩʢʦʛʦ ʧʫʪʠ ʢʶʚʝʪʳ 1.0ʩʤ. ʆʪʤʳʪʳʝ 

ʜʚʘʞʜʳ ʚ ʤʠʥʝʨʘʣʴʥʦʡ ʩʨʝʜʝ ʢʣʝʪʢʠ (1 ʤʣ, ʆɼ600 = 2.0) ʧʝʨʝʥʦʩʠʣʠ ʚʦ 

ʬʣʘʢʦʥʳ ʩ ʪʝʬʣʦʥʦʚʳʤʠ ʢʨʳʰʢʘʤʠ (çSigma-Aldrichè, ɻʝʨʤʘʥʠʷ). ɺ ʢʘʞʜʳʡ 

ʬʣʘʢʦʥ ʚʥʦʩʠʣʠ ʠʩʪʦʯʥʠʢ ʫʛʣʝʨʦʜʘ ʚ ʚʠʜʝ ʪʨʫʜʥʦʨʘʟʣʘʛʘʝʤʦʛʦ 

http://www.ncbi.nlm.nih.gov/
https://www.ezbiocloud.net/
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ʩʦʝʜʠʥʝʥʠʷ/ʩʤʝʩʠ ʩʦʝʜʠʥʝʥʠʡ ʠ ʠʥʢʫʙʠʨʦʚʘʣʠ ʥʘ ʢʨʫʛʦʚʦʡ ʢʘʯʘʣʢʝ 

Environmental Shaker-Incubator ES-20/60 (çBioSanè, ʃʘʪʚʠʷ) ʩʦ ʩʢʦʨʦʩʪʴʶ 

120 ʦʙ/ʤʠʥ. ʄʦʥʦʭʣʦʨʙʠʬʝʥʠʣʳ ʜʦʙʘʚʣʷʣʠ ʜʦ ʢʦʥʝʯʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ 

94.25 ʤʛ/ʣ, ʜʠʭʣʦʨʙʠʬʝʥʠʣʳ ï 22.3 ʤʛ/ʣ, ʪʨʠʭʣʦʨʙʠʬʝʥʠʣʳ ï 12.8 ʤʛ/ʣ, ʩʤʝʩʠ 

ʇʍɹ ï 0.13ï0.6 ʛ/ʣ, ʩʤʝʩʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʇʍɹ ï 0.1ï1.5 ʛ/ʣ. 

ɹʠʦʜʝʩʪʨʫʢʮʠʶ ʦʩʫʱʝʩʪʚʣʷʣʠ ʧʨʠ 28Áʉ ʚ ʪʝʯʝʥʠʝ 1ï14 ʩʫʪ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʚʥʝʩʝʥʥʦʛʦ ʩʫʙʩʪʨʘʪʘ. 

ʄʦʜʝʣʴʥʳʝ ʧʦʯʚʝʥʥʳʝ ʩʠʩʪʝʤʳ 

ɼʣʷ ʤʦʜʝʣʴʥʳʭ ʩʠʩʪʝʤ ʠʩʧʦʣʴʟʦʚʘʣʠ ʧʦʯʚʳ, ʦʪʦʙʨʘʥʥʳʝ 

ʚ ʟʘʛʨʷʟʥʝʥʥʳʭ ʨʘʡʦʥʘʭ (ʛ. ʇʝʨʤʴ, ʛ. ʂʘʣʫʰ, ʛ. ʏʘʧʘʝʚʩʢ, ʈʦʩʩʠʷ), ʠ ʧʦʯʚʳ, 

ʦʪʦʙʨʘʥʥʳʝ ʚ ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʦʤ ʨʘʡʦʥʝ (ʟʘʢʘʟʥʠʢ ʇʨʝʜʫʨʘʣʴʝ). 

ʈʘʟʨʘʙʦʪʘʥʦ 5 ʩʭʝʤ ʤʦʜʝʣʴʥʳʭ ʧʦʯʚʝʥʥʳʭ ʩʠʩʪʝʤ ʜʣʷ ʠʟʫʯʝʥʠʷ 

ʙʠʦʜʝʛʨʘʜʘʪʠʚʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʰʪʘʤʤʦʚ ʠʣʠ ʠʭ ʘʩʩʦʮʠʘʮʠʡ 

(ʨʠʩʫʥʦʢ 21). 

 

ʈʠʩʫʥʦʢ 21 ï ʉʭʝʤʳ ʤʦʜʝʣʴʥʳʭ ʧʦʯʚʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ 

ɸ) ʇʦʯʚʫ (10ï300 ʛ) ʩʪʝʨʠʣʠʟʦʚʘʣʠ ʘʚʪʦʢʣʘʚʠʨʦʚʘʥʠʝʤ (1 ʘʪʤ., 30 ʤʠʥ, 

ʪʨʠ ʨʘʟʘ ʩ ʠʥʪʝʨʚʘʣʦʤ ʚ 24 ʯ) ʠ ʧʦʤʝʱʘʣʠ ʚ ʢʦʥʪʝʡʥʝʨ. ʋʚʣʘʞʥʝʥʠʝ 

ʧʨʦʠʟʚʦʜʠʣʠ ʤʠʥʝʨʘʣʴʥʦʡ ʩʨʝʜʦʡ ʜʦ 40% ʦʙʱʝʡ ʚʣʘʞʥʦʩʪʠ. ɺʥʦʩʠʣʠ ʚ ʚʠʜʝ 

ʘʮʝʪʦʥʦʚʦʛʦ ʨʘʩʪʚʦʨʘ ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʭʣʦʨʙʠʬʝʥʠʣʳ (ʇʍɹ 1, ʇʍɹ 3) ʜʦ 

 ʢʦʥʝʯʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ 100 ʤʛ/ʢʛ ʠʣʠ ʩʤʝʩʠ ʇʍɹ (ʠʩʢʫʩʩʪʚʝʥʥʳʝ ʩʤʝʩʠ 

ʇʍɹ, ʢʦʤʤʝʨʯʝʩʢʘʷ ʩʤʝʩʴ ʇʍɹ çʉʦʚʦʣè) ʜʦ ʢʦʥʝʯʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ 

0.1-1.0 ʛ/ʢʛ ʧʦʯʚʳ. ɹʘʢʪʝʨʠʘʣʴʥʳʝ ʢʫʣʴʪʫʨʳ ʚʥʦʩʠʣʠ ʚ ʧʦʯʚʫ ʜʦ ʢʦʥʝʯʥʦʡ 
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ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʣʝʪʦʢ 104ï109 ʂʆɽ/ʛ ʧʦʯʚʳ. ɽʩʣʠ ʵʢʩʧʝʨʠʤʝʥʪ ʧʨʦʠʟʚʦʜʠʣʩʷ 

ʩ ʇʍɹ-ʟʘʛʨʷʟʥʝʥʥʦʡ ʧʦʯʚʦʡ (ʦʙʨʘʟʮʳ, ʦʪʦʙʨʘʥʥʳʝ ʚ ʛ. ʂʘʣʫʰ ʠ ʛ. ʏʘʧʘʝʚʩʢ), 

ʪʦ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʇʍɹ ʥʝ ʚʥʦʩʠʣʠ. 

ɹ) ɺ ʤʦʜʝʣʴʥʦʡ ʩʠʩʪʝʤʝ ʠʩʧʦʣʴʟʦʚʘʣʠ ʥʝʩʪʝʨʠʣʴʥʫʶ ʧʦʯʚʫ. 

ʍʣʦʨʠʨʦʚʘʥʥʳʝ ʙʠʬʝʥʠʣʳ ʠ ʙʘʢʪʝʨʠʘʣʴʥʳʝ ʢʫʣʴʪʫʨʳ ʚʥʦʩʠʣʠ ʢʘʢ ʚ ʩʭʝʤʝ ɸ. 

ɺ) ɺ ʢʦʥʪʝʡʥʝʨʳ ʩʦ ʩʪʝʨʠʣʴʥʦʡ ʧʦʯʚʦʡ ʚʥʦʩʠʣʠ ʚ ʚʠʜʝ ʘʮʝʪʦʥʦʚʦʛʦ 

ʨʘʩʪʚʦʨʘ ʩʤʝʩʠ ʇʍɹ ʠ ʫʙʠʪʳʝ ʢʫʣʴʪʫʨʳ ʰʪʘʤʤʦʚ-ʜʝʩʪʨʫʢʪʦʨʦʚ, ʜʣʷ ʦʮʝʥʢʠ 

ʩʦʨʙʮʠʠ ʇʍɹ ʢʣʝʪʢʘʤʠ ʰʪʘʤʤʦʚ ʚ ʤʦʜʝʣʴʥʳʭ ʫʩʣʦʚʠʷʭ. 

ɻ) ɺ ʥʝʩʪʝʨʠʣʴʥʫʶ ʧʦʯʚʫ ʚʥʦʩʠʣʠ ʢʫʣʴʪʫʨʳ ʰʪʘʤʤʦʚ-ʜʝʩʪʨʫʢʪʦʨʦʚ, 

ʢʘʢ ʦʧʠʩʘʥʦ ʚ ʩʭʝʤʝ ɸ, ʥʦ ʥʝ ʚʥʦʩʠʣʠ ʧʦʣʠʭʣʦʨʠʨʦʚʘʥʥʳʝ ʙʠʬʝʥʠʣʳ. 

ɼ) ɺ ʥʝʩʪʝʨʠʣʴʥʫʶ ʧʦʯʚʫ ʚʥʦʩʠʣʠ ʧʦʣʠʭʣʦʨʠʨʦʚʘʥʥʳʝ ʙʠʬʝʥʠʣʳ ʢʘʢ 

ʚ ʩʭʝʤʝ ɸ, ʥʦ ʥʝ ʚʥʦʩʠʣʠ ʰʪʘʤʤʳ-ʜʝʩʪʨʫʢʪʦʨʳ. 

ʂʫʣʴʪʠʚʠʨʦʚʘʥʠʝ ʧʨʦʠʟʚʦʜʠʣʠ ʚ ʩʪʘʮʠʦʥʘʨʥʳʭ ʫʩʣʦʚʠʷʭ 

ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ +18ï25Áʉ, ʚ ʪʝʯʝʥʠʝ 1ï4 ʤʝʩ. 

 

2.8. ɸʥʘʣʠʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ 

2.8.1. ʆʧʨʝʜʝʣʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʇʍɹ 

ʕʢʩʪʨʘʢʮʠʶ ʇʍɹ ʠʟ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʦʙʨʘʟʮʦʚ ʦʩʫʱʝʩʪʚʣʷʣʠ ʦʜʥʠʤ 

ʠʟ ʩʧʦʩʦʙʦʚ: 

1) ʢʫʣʴʪʫʨʘʣʴʥʫʶ ʞʠʜʢʦʩʪʴ ʵʢʩʪʨʘʛʠʨʦʚʘʣʠ ʩʤʝʩʴʶ 

ʢʦʥʮ.ʅ2SO4ī12.5%-ʥʳʡ ɼɼʉ-Naïʛʝʢʩʘʥ (1:10:25) ʚ ʪʝʯʝʥʠʝ 60 ʤʠʥ ʧʨʠ 30ʦʉ, 

ʩʢʦʨʦʩʪʴ ʧʝʨʝʤʝʰʠʚʘʥʠʷ 200 ʦʙ/ʤʠʥ. ʕʢʩʪʨʘʢʪʳ ʦʙʝʟʚʦʞʠʚʘʣʠ Na2SO4; 

2) ʚʦ ʬʣʘʢʦʥ ʩ ʢʫʣʴʪʫʨʘʣʴʥʦʡ ʞʠʜʢʦʩʪʴʶ ʜʦʙʘʚʣʷʣʠ 0.1 ʤʣ HClʢʦʥʮ, 

ʵʢʩʪʨʘʛʠʨʦʚʘʣʠ ʛʝʢʩʘʥʦʤ ʚ ʩʦʦʪʥʦʰʝʥʠʠ ʚʦʜʥʘʷ : ʦʨʛʘʥʠʯʝʩʢʘʷ ʬʘʟʘ 2:1. 

ɼʣʷ ʣʫʯʰʝʛʦ ʨʘʟʜʝʣʝʥʠʷ ʬʘʟ ʬʣʘʢʦʥʳ ʩ ʵʢʩʪʨʘʛʝʥʪʦʤ ʧʦʜʚʝʨʛʘʣʠ 

ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʶ ʥʘ ʮʝʥʪʨʠʬʫʛʝ Sigma 3-16P (çSigmaè, ɻʝʨʤʘʥʠʷ) 

ʩʦ ʩʢʦʨʦʩʪʴʶ 10000 ʦʙ/ʤʠʥ ʚ ʪʝʯʝʥʠʝ 5 ʤʠʥ. ʇʨʦʚʦʜʠʣʠ ʘʥʘʣʠʟ 

ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʩʣʦʷ; 

3) ʦʙʨʘʙʦʪʢʫ ʧʨʦʙ ʧʦʯʚʳ ʠ ʪʚʝʨʜʦʡ ʯʘʩʪʠ ʠʣʘ ʧʨʦʚʦʜʠʣʠ 

ʧʦ çʄʝʪʦʜʠʢʝ ʚʳʧʦʣʥʝʥʠʷ ʠʟʤʝʨʝʥʠʡ ʤʘʩʩʦʚʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ 
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ʧʦʣʠʭʣʦʨʙʠʬʝʥʠʣʦʚ ʚ ʚʦʟʜʫʭʝ ʨʘʙʦʯʝʡ ʟʦʥʳ, ʧʨʦʤʚʳʙʨʦʩʘʭ, ʧʨʠʨʦʜʥʳʭ ʠ 

ʩʪʦʯʥʳʭ ʚʦʜʘʭ ʠ ʧʦʯʚʘʭ ʤʝʪʦʜʦʤ ʛʘʟʦʞʠʜʢʦʩʪʥʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠè 

 ̄88-16358-25-2000. ʇʨʦʙʫ ʧʦʯʚʳ 10 ʛ ʟʘʚʦʨʘʯʠʚʘʣʠ ʚ ʬʠʣʴʪʨ çʙʝʣʘʷ ʣʝʥʪʘè 

ʠ ʧʦʤʝʱʘʣʠ ʚ ʘʧʧʘʨʘʪ ʉʦʢʩʣʝʪʘ ʠ ʵʢʩʪʨʘʛʠʨʦʚʘʣʠ ʩʤʝʩʴʶ ʛʝʢʩʘʥ : ʘʮʝʪʦʥ 

ʚ ʩʦʦʪʥʦʰʝʥʠʠ 50:70 ʚ ʪʝʯʝʥʠʝ 3 ʯʘʩʦʚ. ʇʦʩʣʝ ʵʢʩʪʨʘʢʮʠʠ ʢʦʣʙʫ ʩ ʵʢʩʪʨʘʢʪʦʤ 

ʦʭʣʘʞʜʘʣʠ ʜʦ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ. ʆʭʣʘʞʜʝʥʥʳʡ ʵʢʩʪʨʘʢʪ ʩʣʠʚʘʣʠ 

ʚ ʜʝʣʠʪʝʣʴʥʫʶ ʚʦʨʦʥʢʫ ʠ ʧʨʠʣʠʚʘʣʠ ʦʢʦʣʦ 150 ʤʣ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʳ, 

ʚʩʪʨʷʭʠʚʘʣʠ 2 ʨʘʟʘ ʧʦ 2 ʤʠʥ. ʇʦʩʣʝ ʨʘʟʜʝʣʝʥʠʷ ʬʘʟ ʚʦʜʥʳʡ ʨʘʩʪʚʦʨ ʘʮʝʪʦʥʘ 

ʫʜʘʣʷʣʠ, ʘ ʛʝʢʩʘʥʦʚʳʡ ʵʢʩʪʨʘʢʪ ʩʫʰʠʣʠ ʥʘʜ ʙʝʟʚʦʜʥʳʤ ʩʫʣʴʬʘʪʦʤ ʥʘʪʨʠʷ 

ʚ ʪʝʯʝʥʠʝ 15ï20 ʤʠʥ. ɺʳʩʫʰʝʥʥʳʡ ʵʢʩʪʨʘʢʪ ʧʦʤʝʱʘʣʠ ʚ ʛʨʫʰʝʚʠʜʥʫʶ ʢʦʣʙʫ 

ʠ ʧʨʦʚʦʜʠʣʠ ʦʪʛʦʥʢʫ ʛʝʢʩʘʥʘ ʥʘ ʨʦʪʘʮʠʦʥʥʦʤ ʠʩʧʘʨʠʪʝʣʝ ʧʨʠ ʚʘʢʫʫʤʝ, 

ʩʦʟʜʘʚʘʝʤʦʤ ʚʦʜʦʩʪʨʫʡʥʳʤ ʥʘʩʦʩʦʤ, ʠ ʵʢʩʪʨʘʢʪ ʢʦʥʮʝʥʪʨʠʨʦʚʘʣʠ ʜʦ ʦʙʲʝʤʘ 

3 ʤʣ. ʇʦʣʫʯʝʥʥʳʡ ʵʢʩʪʨʘʢʪ ʧʝʨʝʣʠʚʘʣʠ ʚ ʜʝʣʠʪʝʣʴʥʫʶ ʚʦʨʦʥʢʫ ʥʘ 25 ʤʣ, 

ʚ ʢʦʣʙʫ ʜʦʙʘʚʣʷʣʠ 2 ʤʣ ʛʝʢʩʘʥʘ, ʩʤʳʚʘʣʠ ʦʩʪʘʪʢʠ ʨʘʩʪʚʦʨʘ ʠ ʧʨʠʩʦʝʜʠʥʷʣʠ 

ʢ ʵʢʩʪʨʘʢʪʫ. ʆʙʲʸʤ ʵʢʩʪʨʘʢʪʘ ʩʦʩʪʘʚʠʣ 5 ʤʣ. ɺ ʚʦʨʦʥʢʫ ʜʦʙʘʚʣʷʣʠ 2 ʤʣ 

ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʡ ʩʝʨʥʦʡ ʢʠʩʣʦʪʳ, ʚʩʪʨʷʭʠʚʘʣʠ, ʧʦʩʣʝ ʨʘʩʩʣʦʝʥʠʷ ʬʘʟ 

ʢʠʩʣʦʪʥʳʡ ʩʣʦʡ ʦʪʜʝʣʷʣʠ, ʘ ʛʝʢʩʘʥʦʚʳʡ ʩʣʦʡ ʧʨʦʤʳʚʘʣʠ 10 ʤʣ 

ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʳ. ʇʦʩʣʝ ʨʘʩʩʣʦʝʥʠʷ ʬʘʟ ʛʝʢʩʘʥʦʚʳʡ ʵʢʩʪʨʘʢʪ 

ʦʪʜʝʣʷʣʠ ʠ ʩʫʰʠʣʠ 10 ʤʠʥ ʥʘʜ ʙʝʟʚʦʜʥʳʤ ʩʫʣʴʬʘʪʦʤ ʥʘʪʨʠʷ. ʇʨʦʚʦʜʠʣʠ 

ʘʥʘʣʠʟ ʧʦʣʫʯʝʥʥʦʛʦ ʨʘʩʪʚʦʨʘ. 

ʇʦʣʫʯʝʥʥʳʝ ʵʢʩʪʨʘʢʪʳ ʘʥʘʣʠʟʠʨʦʚʘʣʠ ʤʝʪʦʜʦʤ ʛʘʟʦʚʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ 

ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʨʘʟʣʠʯʥʳʭ ʜʝʪʝʢʪʦʨʦʚ: 

ɻʍ-ʇʀɼ ʫʩʣʦʚʠʷ: ʛʘʟʦʚʳʡ ʭʨʦʤʘʪʦʛʨʘʬ çShimadzu GC 2010è, 

ʩ ʧʣʘʤʝʥʥʦ-ʠʦʥʠʟʘʮʠʦʥʥʳʤ ʜʝʪʝʢʪʦʨʦʤ (ɻʍ-ʇʀɼ), ʢʚʘʨʮʝʚʦʡ ʢʘʧʠʣʣʷʨʥʦʡ 

ʢʦʣʦʥʢʦʡ ZB-5 ʜʣʠʥʦʡ 30 ʤ, ʜʠʘʤʝʪʨʦʤ 0.25 ʤʤ, ʪʦʣʱʠʥʘ ʧʣʝʥʢʠ 0.25 ʤʢʤ. 

ʅʘʯʘʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʢʦʣʦʥʢʠ 40Áʉ (ʚʳʜʝʨʞʢʘ 3 ʤʠʥ), ʜʘʣʝʝ ʥʘʛʨʝʚ 

ʩʦ ʩʢʦʨʦʩʪʴʶ 10Áʉ/ʤʠʥ, ʜʦ 280Áʉ (ʚʳʜʝʨʞʢʘ 30 ʤʠʥ). ʊʝʤʧʝʨʘʪʫʨʘ 

ʠʩʧʘʨʠʪʝʣʷ 250Áʉ, ʜʝʪʝʢʪʦʨʘ 300Áʉ. ɻʘʟ-ʥʦʩʠʪʝʣʴ ï ʘʟʦʪ, ʜʝʣʝʥʠʝ ʧʦʪʦʢʘ 1:30, 

ʨʘʩʭʦʜ ʯʝʨʝʟ ʢʦʣʦʥʢʫ 1.0 ʤʣ/ʤʠʥ. ɺʚʦʜʠʣʠ 1.0 ʤʢʣ.  
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ɻʍ-ʕɿɼ ʫʩʣʦʚʠʷ: ʛʘʟʦʚʳʡ ʭʨʦʤʘʪʦʛʨʘʬ çShimadzu GC 17ɸè, 

ʩ ʵʣʝʢʪʨʦʥʥʦ-ʟʘʭʚʘʪʥʳʤ ʜʝʪʝʢʪʦʨʦʤ (ɻʍ-ʕɿɼ), ʢʚʘʨʮʝʚʦʡ ʢʘʧʠʣʣʷʨʥʦʡ 

ʢʦʣʦʥʢʦʡ ZB-5 ʜʣʠʥʦʡ 30 ʤ, ʜʠʘʤʝʪʨʦʤ 0.25 ʤʤ, ʪʦʣʱʠʥʘ ʧʣʝʥʢʠ 0.25 ʤʢʤ. 

ʅʘʯʘʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʢʦʣʦʥʢʠ 40Áʉ (ʚʳʜʝʨʞʢʘ 3 ʤʠʥ), ʜʘʣʝʝ ʥʘʛʨʝʚ 

ʩʦ ʩʢʦʨʦʩʪʴʶ 10Áʉ/ʤʠʥ, ʜʦ 270Áʉ (ʚʳʜʝʨʞʢʘ 30 ʤʠʥ). ʊʝʤʧʝʨʘʪʫʨʘ 

ʠʩʧʘʨʠʪʝʣʷ 250Áʉ, ʜʝʪʝʢʪʦʨʘ 300Áʉ. ɻʘʟ-ʥʦʩʠʪʝʣʴ ï ʘʟʦʪ, ʜʝʣʝʥʠʝ ʧʦʪʦʢʘ 1:30, 

ʨʘʩʭʦʜ ʯʝʨʝʟ ʢʦʣʦʥʢʫ 1.0 ʤʣ/ʤʠʥ. ɺʚʦʜʠʣʠ 1.0 ʤʢʣ.  

ɻʍ-ʄʉɼ ʫʩʣʦʚʠʷ: ʘ) ʛʘʟʦʚʳʡ ʭʨʦʤʘʪʦʛʨʘʬ GC6890N (çAgilent 

Technologyè, ʉʐɸ) ʩ ʤʘʩʩ-ʩʝʣʝʢʪʠʚʥʳʤ ʜʝʪʝʢʪʦʨʦʤ MSD5973N (çAgilent 

Technologyè, ʉʐɸ) ʠ ʢʚʘʨʮʝʚʦʡ ʢʘʧʠʣʣʷʨʥʦʡ ʢʦʣʦʥʢʦʡ HP-5MS SN 

US15189741-1 (30 ʤ x 0.25 ʤʤ) (çAgilent Technologyè, ʉʐɸ) ʧʨʠ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʩʦʛʣʘʩʥʦ (Hernandez et al., 1997). 

ɻʘʟ-ʥʦʩʠʪʝʣʴ ī ʛʝʣʠʡ (1 ʤʣ/ʤʠʥ), ʪʝʤʧʝʨʘʪʫʨʘ ʠʩʧʘʨʠʪʝʣʷ 230ęʉ. 

ʆʙʲʝʤ ʧʨʦʙʳ 0.2 ʤʢʣ; 

ʙ) ʛʘʟʦʚʳʡ ʭʨʦʤʘʪʦʛʨʘʬ-ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨ çAgilent GC 7890A MS 

5975C Inert XL EI/CIè ʩ ʢʚʘʜʨʫʧʦʣʴʥʳʤ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʠʤ 

ʜʝʪʝʢʪʦʨʦʤ, ʢʚʘʨʮʝʚʦʡ ʢʘʧʠʣʣʷʨʥʦʡ ʢʦʣʦʥʢʦʡ HP-5MS ʜʣʠʥʦʡ 30 ʤ, 

ʜʠʘʤʝʪʨʦʤ 0.25 ʤʤ, ʪʦʣʱʠʥʘ ʧʣʝʥʢʠ 0.25 ʤʢʤ.; ʵʣʝʢʪʨʦʥʥʘʷ ʠʦʥʠʟʘʮʠʷ 

(70 ʵɺ); ʩʢʘʥʠʨʦʚʘʥʠʝ ʧʦ ʧʦʣʥʦʤʫ ʠʦʥʥʦʤʫ ʪʦʢʫ ʚ ʠʥʪʝʨʚʘʣʝ m/z 20-1000 

amu; ʛʘʟ-ʥʦʩʠʪʝʣʴ ï ʛʝʣʠʡ, ʜʝʣʝʥʠʝ ʧʦʪʦʢʘ  1:50, ʨʘʩʭʦʜ ʯʝʨʝʟ ʢʦʣʦʥʢʫ 

1.0 ʤʣ/ʤʠʥ; ʪʝʤʧʝʨʘʪʫʨʘ ʢʦʣʦʥʢʠ ï ʥʘʯʘʣʴʥʘʷ 40Áʉ (ʚʳʜʝʨʞʢʘ 3 ʤʠʥ), 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ ʩʦ ʩʢʦʨʦʩʪʴʶ 10Áʉ/ʤʠʥ ʜʦ 290Áʉ (ʚʳʜʝʨʞʢʘ 30 ʤʠʥ), 

ʪʝʤʧʝʨʘʪʫʨʘ ʠʩʧʘʨʠʪʝʣʷ ï 250Áʉ, ʪʝʤʧʝʨʘʪʫʨʘ ʠʩʪʦʯʥʠʢʘ ï 230Üʉ, ʢʚʘʜʨʫʧʦʣʷ 

ï 150Áʉ, ʧʝʨʝʭʦʜʥʦʡ ʢʘʤʝʨʳ ï 280Áʉ. ɺʚʦʜʠʣʠ 1.0 ʤʢʣ. 

ʈʘʩʯʝʪ ʩʦʜʝʨʞʘʥʠʷ ʇʍɹ/ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʇʍɹ ʚ ʢʘʞʜʦʤ 

ʠʩʩʣʝʜʫʝʤʦʤ ʦʙʨʘʟʮʝ ʧʨʦʚʦʜʠʣʠ ʤʝʪʦʜʦʤ ʚʥʫʪʨʝʥʥʝʡ ʥʦʨʤʘʣʠʟʘʮʠʠ, 

ʨʘʩʩʯʠʪʳʚʘʷ ʚʢʣʘʜ ʦʪʜʝʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʩʫʤʤʘʨʥʫʶ ʧʣʦʱʘʜʴ ʧʠʢʦʚ. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʦʣʫʯʝʥʥʳʭ ʨʘʩʯʝʪʥʳʭ ʧʣʦʱʘʜʝʡ ʧʠʢʦʚ ʦʮʝʥʠʚʘʣʠ 

ʩʦʜʝʨʞʘʥʠʝ ʠʩʭʦʜʥʳʭ ʇʍɹ/ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʇʍɹ ʧʦʩʣʝ ʧʨʦʮʝʩʩʘ 

ʙʠʦʜʝʩʪʨʫʢʮʠʠ.  
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2.8.2. ɸʥʘʣʠʟ ʧʨʦʜʫʢʪʦʚ ʨʘʩʱʝʧʣʝʥʠʷ ʇʍɹ 

ɼʣʷ ʘʥʘʣʠʟʘ ʢʫʣʴʪʫʨʘʣʴʥʫʶ ʞʠʜʢʦʩʪʴ ʦʯʠʱʘʣʠ ʦʪ ʙʘʢʪʝʨʠʘʣʴʥʳʭ 

ʢʣʝʪʦʢ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʝʤ (9660 g ʚ ʪʝʯʝʥʠʝ 3 ʤʠʥ ʥʘ ʮʝʥʪʨʠʬʫʛʝ miniSpin 

(çEppendorfè, ɻʝʨʤʘʥʠʷ)). ʆʙʨʘʟʦʚʘʥʠʝ ʧʨʦʜʫʢʪʦʚ ʨʘʩʱʝʧʣʝʥʠʷ 

ʘʨʦʤʘʪʠʯʝʩʢʦʛʦ ʢʦʣʴʮʘ ʭʣʦʨʙʠʬʝʥʠʣʦʚ ï 2-ʛʠʜʨʦʢʩʠ-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. ɼʣʷ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ 

ʦʧʨʝʜʝʣʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʠ ʢʦʵʬʬʠʮʠʝʥʪ ʵʢʩʪʠʥʢʮʠʠ (8Cl-ɻʆʌɼʂ = 28100 1/ 

(M Ĭ ʩm), 9Cl-ɻʆʌɼʂ = 17500 1/ (ʄ Ĭ ʩm) (Fortin et al., 2005) ʩʦʛʣʘʩʥʦ 

ʬʦʨʤʫʣʝ: 

ɸ = ắ Ĭ ʩ Ĭ l, 

ʛʜʝ ɸ ï ʟʥʘʯʝʥʠʝ ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ ʧʨʠ ʜʣʠʥʝ ʚʦʣʥʳ 

ʩ ʤʘʢʩʠʤʘʣʴʥʳʤ ʧʦʛʣʦʱʝʥʠʝʤ, ắ ï ʢʦʵʬʬʠʮʠʝʥʪ ʤʦʣʷʨʥʦʡ ʵʢʩʪʠʥʢʮʠʠ,                

1/ (M Ĭ ʩʤ), ʩ ï ʢʦʥʮʝʥʪʨʘʮʠʷ, ʄ, l ï ʜʣʠʥʘ ʦʧʪʠʯʝʩʢʦʛʦ ʧʫʪʠ ʢʶʚʝʪʳ, ʩʤ. 

 

2.8.3. ɸʥʘʣʠʟ ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʩʥʦʚʥʳʭ ʤʝʪʘʙʦʣʠʪʦʚ ʙʘʢʪʝʨʠʘʣʴʥʦʡ 

ʜʝʩʪʨʫʢʮʠʠ ʇʍɹ 

ʄʝʪʘʙʦʣʠʪʳ ʜʝʩʪʨʫʢʮʠʠ ʭʣʦʨʙʠʬʝʥʠʣʦʚ ʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ 

ʭʣʦʨʙʠʬʝʥʠʣʦʚ ʦʧʨʝʜʝʣʷʣʠ ʚ ʢʫʣʴʪʫʨʘʣʴʥʦʡ ʞʠʜʢʦʩʪʠ, ʦʩʚʦʙʦʞʜʝʥʥʦʡ 

ʦʪ ʢʣʝʪʦʢ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʝʤ (ʦʧʠʩʘʥʦ ʚʳʰʝ), ʤʝʪʦʜʦʤ ɺʕɾʍ. ɹʳʣʠ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʭʨʦʤʘʪʦʛʨʘʬ LC-10ADvp (çShimadzuè, ʗʧʦʥʠʷ) ʩ ʢʦʣʦʥʢʦʡ 

Lichrosorb RP-18 10U (250 x 4.6 ʤʤ) (çAlltechè, ʉʐɸ) ʠ ʋʌ-ʜʝʪʝʢʪʦʨʦʤ, 

ʘ ʪʘʢʞʝ ʭʨʦʤʘʪʦʛʨʘʬ LC-20AD Prominance (çShimadzuè, ʗʧʦʥʠʷ) ʩ ʢʦʣʦʥʢʦʡ 

(ʉ-18 150x4.6 ʤʤ; çSigma-Aldrichè, ʉʐɸ) ʠ ʋʌ-ʜʝʪʝʢʪʦʨʦʤ SPD-20A. 

ɸʥʘʣʠʟ ʧʨʦʚʦʜʠʣʠ ʚ ʩʠʩʪʝʤʝ ʘʮʝʪʦʥʠʪʨʠʣï0.1%-ʥʘʷ ʅ3ʈʆ4 (70:30 ʠʣʠ 60:40). 

ɼʝʪʝʢʮʠʶ ʦʩʫʱʝʩʪʚʣʷʣʠ ʧʨʠ ʜʣʠʥʝ ʚʦʣʥʳ 205 ʥʤ, 226 ʥʤ ʠ 232 ʥʤ. 

ʀʜʝʥʪʠʬʠʢʘʮʠʶ ʧʨʦʜʫʢʪʦʚ ʤʝʪʘʙʦʣʠʟʤʘ ʧʨʦʚʦʜʠʣʠ ʧʨʠ ʩʨʘʚʥʝʥʠʠ ʚʨʝʤʝʥʠ 

ʫʜʝʨʞʘʥʠʷ ʥʘ ʢʦʣʦʥʢʝ ʦʙʨʘʟʦʚʘʚʰʠʭʩʷ ʠ ʩʪʘʥʜʘʨʪʥʳʭ ʩʦʝʜʠʥʝʥʠʡ (Maltseva 

et al., 1999). ʂʦʣʠʯʝʩʪʚʦ ʦʙʨʘʟʦʚʘʚʰʠʭʩʷ ʧʨʦʜʫʢʪʦʚ ʦʮʝʥʠʚʘʣʠ ʧʦ ʚʝʣʠʯʠʥʝ 
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ʧʣʦʱʘʜʠ ʠ ʚʳʩʦʪʳ ʧʠʢʦʚ ʥʘ ʭʨʦʤʘʪʦʛʨʘʤʤʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʘʥʥʳʭ ʚʝʣʠʯʠʥ 

ʩʪʘʥʜʘʨʪʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. 

 

2.8.4. ɸʥʘʣʠʟ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠʦʥʦʚ ʭʣʦʨʘ 

ɼʠʥʘʤʠʢʫ ʜʝʛʘʣʦʛʝʥʠʨʦʚʘʥʠʷ ʢʦʥʪʨʦʣʠʨʦʚʘʣʠ ʠʟʤʝʨʝʥʠʝʤ ʦʧʪʠʯʝʩʢʦʡ 

ʧʣʦʪʥʦʩʪʠ ʨʘʩʪʚʦʨʘ ʭʣʦʨʠʜʘ ʩʝʨʝʙʨʘ, ʦʙʨʘʟʫʶʱʝʛʦʩʷ ʯʝʨʝʟ 5 ʤʠʥ ʨʝʘʢʮʠʠ 

ʠʦʥʦʚ ʭʣʦʨʘ ʩ ʘʟʦʪʥʦʢʠʩʣʳʤ ʩʝʨʝʙʨʦʤ, ʥʘ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʘʭ ʂʌʂ-3 

(ʈʦʩʩʠʷ) ʠ UV-Visible Bio-Spec-mini (çShimadzuè, ʗʧʦʥʠʷ) ʧʨʠ 

ɚʤʘʢʩ 460-540 ʥʤ (ʜʣʠʥʘ ʦʧʪʠʯʝʩʢʦʛʦ ʧʫʪʠ ʢʶʚʝʪʳ 1ʩʤ) ʚ ʢʫʣʴʪʫʨʘʣʴʥʦʡ 

ʞʠʜʢʦʩʪʠ, ʦʩʚʦʙʦʞʜʝʥʥʦʡ ʦʪ ʢʣʝʪʦʢ. ʂʦʥʮʝʥʪʨʘʮʠʶ ʠʦʥʦʚ ʭʣʦʨʘ 

ʨʘʩʩʯʠʪʳʚʘʣʠ ʧʦ ʢʘʣʠʙʨʦʚʦʯʥʳʤ ʛʨʘʬʠʢʘʤ. ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʢʘʣʠʙʨʦʚʦʯʥʦʛʦ 

ʛʨʘʬʠʢʘ ʙʨʘʣʠ ʨʘʩʪʚʦʨʳ ʭʣʦʨʠʜʘ ʥʘʪʨʠʷ ʚ ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʪ 0.001 ʜʦ 0.4 ʛ/ʣ.   

 

2.9. ʆʧʨʝʜʝʣʝʥʠʝ ʘʢʪʠʚʥʦʩʪʠ ʬʝʨʤʝʥʪʦʚ ʨʘʟʣʦʞʝʥʠʷ ʦʩʥʦʚʥʳʭ 

ʤʝʪʘʙʦʣʠʪʦʚ ʜʝʩʪʨʫʢʮʠʠ ʇʍɹ 

ɹʠʦʤʘʩʩʫ ʰʪʘʤʤʦʚ R. ruber P25, R. wratislaviensis P1, R. wratislaviensis 

G10 ʠ M. oxydans B51 ʜʣʷ ʚʳʜʝʣʝʥʠʷ ʠ ʦʯʠʩʪʢʠ ʬʝʨʤʝʥʪʦʚ ʚʳʨʘʱʠʚʘʣʠ 

ʚ ʫʩʣʦʚʠʷʭ ʧʝʨʠʦʜʠʯʝʩʢʦʛʦ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ʢʘʢ ʦʧʠʩʘʥʦ ʚʳʰʝ, ʠʩʧʦʣʴʟʫʷ 

ʙʝʥʟʦʡʥʫʶ ʢʠʩʣʦʪʫ, 2-ʍɹʂ ʠʣʠ 4-ʍɹʂ ʚ ʢʘʯʝʩʪʚʝ ʝʜʠʥʩʪʚʝʥʥʦʛʦ ʠʩʪʦʯʥʠʢʘ 

ʫʛʣʝʨʦʜʘ ʠ ʵʥʝʨʛʠʠ (1 ʛ/ʣ). ʂʣʝʪʢʠ ʦʩʘʞʜʘʣʠ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʝʤ, ʜʚʘʞʜʳ 

ʦʪʤʳʚʘʣʠ 50 ʤʄ ʪʨʠʩ-HCl ʙʫʬʝʨʦʤ, pH 7.4. ɹʠʦʤʘʩʩʫ ʭʨʘʥʠʣʠ ʧʨʠ -20Áʉ. 

ɹʝʩʢʣʝʪʦʯʥʳʡ ʵʢʩʪʨʘʢʪ ʧʦʣʫʯʘʣʠ ʤʝʪʦʜʦʤ ʵʢʩʪʨʫʟʠʦʥʥʦʡ 

ʜʝʟʠʥʪʝʛʨʘʮʠʠ ʥʘ ʧʨʝʩʩʝ ʪʠʧʘ ʍʴʶʟʘ ʢʘʢ ʦʧʠʩʘʥʦ ʨʘʥʝʝ (ʉʫʚʦʨʦʚʘ ʠ ʜʨ., 

2006).  

ʆʧʨʝʜʝʣʝʥʠʝ ʘʢʪʠʚʥʦʩʪʠ ʬʝʨʤʝʥʪʦʚ ʧʨʦʚʦʜʠʣʠ 

ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʠ, ʠʩʧʦʣʴʟʫʷ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨ UV-160 (çShimadzuè, 

ʗʧʦʥʠʷ), ʚ ʢʚʘʨʮʝʚʳʭ ʢʶʚʝʪʘʭ ʩ ʜʣʠʥʦʡ ʦʧʪʠʯʝʩʢʦʛʦ ʧʫʪʠ 1 ʩʤ ʧʨʠ 25Áʉ.  

ɸʢʪʠʚʥʦʩʪʴ ʧʘʨʘ-ʛʠʜʨʦʢʩʠʙʝʥʟʦʘʪ ʛʠʜʨʦʢʩʠʣʘʟʳ (ʇɻɹɻ, ʂʌ 1.14.13.33) 

ʦʧʨʝʜʝʣʷʣʠ ʧʦ ʅɸɼH ʠʣʠ ʅɸɼʌH-ʟʘʚʠʩʠʤʦʤʫ ʩʥʠʞʝʥʠʶ ʧʦʛʣʦʱʝʥʠʷ ʧʨʠ 

340 ʥʤ. ʈʝʘʢʮʠʦʥʥʘʷ ʩʤʝʩʴ ʩʦʜʝʨʞʘʣʘ 100 ʤʄ ʪʨʠʩ/HCl, ʨʅ 7.8, 1ʤʄ 
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ʧ-ʛʠʜʨʦʢʩʠʙʝʥʟʦʘʪʘ, 0.2 ʤʄ ʅɸɼH ʠʣʠ ʅɸɼʌH, 0.5 ʤʄ ʕɼʊɸ, 10 ʤʢʄ FAD 

(Jadan et al., 2004). ʌʝʨʤʝʥʪ ʧʨʝʠʥʢʫʙʠʨʦʚʘʣʠ ʩ FAD ʠ ʅɸɼʌH ʚ ʪʝʯʝʥʠʝ 

5 ʤʠʥ, ʨʝʘʢʮʠʶ ʥʘʯʠʥʘʣʠ ʜʦʙʘʚʣʝʥʠʝʤ ʇɻɹʂ. ʈʘʩʯʝʪ ʘʢʪʠʚʥʦʩʪʠ ʇɻɹɻ 

ʧʨʦʚʦʜʠʣʠ ʧʦ ʅɸɼH (ʢʦʵʬʬʠʮʠʝʥʪ ʤʦʣʷʨʥʦʡ ʵʢʩʪʠʥʢʮʠʠ ʜʣʷ ʅɸɼH ʠʣʠ 

ʅɸɼʌH ʩʦʩʪʘʚʣʷʝʪ 6220 ʄ-1ʩʤ-1). 

ɸʢʪʠʚʥʦʩʪʴ ʧʨʦʪʦʢʘʪʝʭʦʘʪ 4,5-ʜʠʦʢʩʠʛʝʥʘʟʳ (ʇʂʂ 4,5-ɼʆ, ʂʌ 

1.13.11.8) ʦʧʨʝʜʝʣʷʣʠ ʧʦ ʫʚʝʣʠʯʝʥʠʶ ʧʦʛʣʦʱʝʥʠʷ ʧʨʠ 410 ʥʤ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤʫ ʦʙʨʘʟʦʚʘʥʠʶ 2-ʛʠʜʨʦʢʩʠ-4-ʢʘʨʙʦʢʩʠʤʫʢʦʥʦʚʦʛʦ 

ʧʦʣʫʘʣʴʜʝʛʠʜʘ, ʠʩʧʦʣʴʟʫʷ ʜʣʷ ʨʘʩʯʝʪʘ ʢʦʵʬʬʠʮʠʝʥʪ ʤʦʣʷʨʥʦʡ ʵʢʩʪʠʥʢʮʠʠ, 

ʨʘʚʥʳʡ 11200 ʄ-1ʩʤ-1 (Ono et al., 1970). 

ɸʢʪʠʚʥʦʩʪʴ ʧʨʦʪʦʢʘʪʝʭʦʘʪ 3,4-ʜʠʦʢʩʠʛʝʥʘʟʳ (ʇʂʂ 3,4-ɼʆ, ʂʌ 

1.13.11.3) ʦʧʨʝʜʝʣʷʣʠ ʧʦ ʩʥʠʞʝʥʠʶ ʧʦʛʣʦʱʝʥʠʷ ʧʨʠ 290 ʥʤ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤʫ ʫʙʳʣʠ ʧʨʦʪʦʢʘʪʝʭʦʘʪʘ. ʈʝʘʢʮʠʦʥʥʘʷ ʩʤʝʩʴ ʩʦʜʝʨʞʘʣʘ 

50 ʤʄ ʪʨʠʩ/HCl ʙʫʬʝʨ, ʨʅ 7.5, ʠ ʩʫʙʩʪʨʘʪ, ʨʝʘʢʮʠʶ ʥʘʯʠʥʘʣʠ ʚʥʝʩʝʥʠʝʤ 

ʬʝʨʤʝʥʪʘ, ʜʣʷ ʨʘʩʯʝʪʘ ʘʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʣʠ ʢʦʵʬʬʠʮʠʝʥʪ ʤʦʣʷʨʥʦʡ 

ʵʢʩʪʠʥʢʮʠʠ, ʨʘʚʥʳʡ 6.77 ʄ-1ʩʤ-1 (Stanier et al., 1954). 

ɸʢʪʠʚʥʦʩʪʴ ʢʘʪʝʭʦʣ 1,2-ʜʠʦʢʩʠʛʝʥʘʟʳ (ʇʂ 1,2-ɼʆ, ʂʌ 1.13.11.1) ʠ 

ʢʘʪʝʭʦʣ 2,3-ʜʠʦʢʩʠʛʝʥʘʟʳ (ʇʂ 2,3-ɼʆ, ʂʌ 1.13.11.2) ʦʧʨʝʜʝʣʷʣʠ ʢʘʢ ʦʧʠʩʘʥʦ 

ʨʘʥʝʝ (Haddad et al., 2001). 

ɽʜʠʥʠʮʫ ʘʢʪʠʚʥʦʩʪʠ ʦʧʨʝʜʝʣʷʣʠ ʢʘʢ ʢʦʣʠʯʝʩʪʚʦ ʬʝʨʤʝʥʪʘ, 

ʢʘʪʘʣʠʟʠʨʫʶʱʝʝ ʧʨʝʚʨʘʱʝʥʠʝ 1 ʤʢʄ ʩʫʙʩʪʨʘʪʘ ʠʣʠ ʦʙʨʘʟʦʚʘʥʠʝ 1 ʤʢʄ 

ʧʨʦʜʫʢʪʘ ʚ ʤʠʥʫʪʫ. 

ʆʯʠʩʪʢʫ ʇɻɹɻ ʧʨʦʚʦʜʠʣʠ, ʠʩʧʦʣʴʟʫʷ 50 ʤʄ ʪʨʠʩ/HCl ʙʫʬʝʨ, pH 7.2, 

ʩʦʜʝʨʞʘʱʠʡ 10 ʤʢʄ FAD, 1 mM ʕɼʊɸ, 0.5 ʤʄ ɼʊʊ (ʙʫʬʝʨ ɸ). 

ɹʝʩʢʣʝʪʦʯʥʳʡ ʵʢʩʪʨʘʢʪ ʥʘʥʦʩʠʣʠ ʥʘ ʢʦʣʦʥʢʫ ʩ Q-Sepharose (2.6 Ĭ 20, ʦʙʲʝʤ 

ʥʦʩʠʪʝʣʷ 60 ʤʣ), ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʫʨʘʚʥʦʚʝʰʝʥʥʫʶ ʩʪʘʨʪʦʚʳʤ ʙʫʬʝʨʦʤ. 

ɹʝʣʢʠ ʵʣʶʠʨʦʚʘʣʠ ʣʠʥʝʡʥʳʤ ʚʦʟʨʘʩʪʘʶʱʠʤ ʛʨʘʜʠʝʥʪʦʤ 0-0.5 ʄ NaCl ʚ 1200 

ʤʣ ʩʪʘʨʪʦʚʦʛʦ ʙʫʬʝʨʘ ʩʦ ʩʢʦʨʦʩʪʴʶ 2 ʤʣ/ʤʠʥ. ʌʨʘʢʮʠʠ, ʩʦʜʝʨʞʘʱʠʝ 

ʘʢʪʠʚʥʦʩʪʴ ʇɻɹɻ, ʦʙʲʝʜʠʥʷʣʠ, ʜʦʙʘʚʣʷʣʠ ʩʫʣʴʬʘʪ ʘʤʤʦʥʠʷ ʜʦ ʢʦʥʝʯʥʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʠ 1.6 ʄ ʠ ʧʦʩʣʝ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʷ (20000g, 20 ʤʠʥ) ʥʘʥʦʩʠʣʠ 
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ʥʘ ʢʦʣʦʥʢʫ (1.6 Ĭ 20, ʦʙʲʝʤ ʥʦʩʠʪʝʣʷ 30 ʤʣ) ʩ Buthyl-Sepharose, 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʫʨʘʚʥʦʚʝʰʝʥʥʫʶ ʙʫʬʝʨʦʤ ɸ ʩ 1.6 ʄ ʩʫʣʴʬʘʪʘ ʘʤʤʦʥʠʷ. 

ɹʝʣʢʠ ʵʣʶʠʨʦʚʘʣʠ ʣʠʥʝʡʥʳʤ ʩʥʠʞʘʶʱʠʤʩʷ 1.6-0 ʄ ʛʨʘʜʠʝʥʪʦʤ ʩʫʣʴʬʘʪʘ 

ʘʤʤʦʥʠʷ ʚ 300 ʤʣ ʩʪʘʨʪʦʚʦʛʦ ʙʫʬʝʨʘ. ʌʨʘʢʮʠʠ ʩ ʘʢʪʠʚʥʦʩʪʴʶ ʇɻɹɻ 

ʦʙʲʝʜʠʥʷʣʠ, ʢʦʥʮʝʥʪʨʠʨʦʚʘʣʠ ʚ ʷʯʝʡʢʝ ʩ ʤʝʤʙʨʘʥʦʡ ʈʄ-10 ʠ ʥʘʥʦʩʠʣʠ ʥʘ 

ʢʦʣʦʥʢʫ Superdex 75 (1.6 Ĭ 60), ʫʨʘʚʥʦʚʝʰʝʥʥʫʶ ʙʫʬʝʨʦʤ ɸ ʩ 0.1 M NaCl. 

ʅʘʠʙʦʣʝʝ ʘʢʪʠʚʥʳʝ ʬʨʘʢʮʠʠ ʦʙʲʝʜʠʥʷʣʠ ʠ ʥʘʥʦʩʠʣʠ ʥʘ ʢʦʣʦʥʢʫ Resource Q 

(6 ʤʣ) ʫʨʘʚʥʦʚʝʰʝʥʥʫʶ ʙʫʬʝʨʦʤ ɸ. ʕʣʶʮʠʶ ʚʝʣʠ ʚʦʟʨʘʩʪʘʶʱʠʤ ʣʠʥʝʡʥʳʤ 

ʛʨʘʜʠʝʥʪʦʤ 0ï0.5 ʄ NaCl ʩʦ ʩʢʦʨʦʩʪʴʶ 2 ʤʣ/ʤʠʥ. ʅʘʠʙʦʣʝʝ ʘʢʪʠʚʥʳʝ 

ʬʨʘʢʮʠʠ ʦʙʲʝʜʠʥʷʣʠ, ʢʦʥʮʝʥʪʨʠʨʦʚʘʣʠ ʚ ʷʯʝʡʢʝ ʩ ʤʝʤʙʨʘʥʦʡ ʈʄ-10 ʠ 

ʭʨʘʥʠʣʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 10 ʤʢʄ ʌɸɼ, 1 ʤM ʕɼʊɸ, 0.5 ʤʄ ɼʊʊ. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʘʢʪʠʚʥʦʩʪʠ ʇɻɹɻ ʠʩʧʦʣʴʟʦʚʘʣʠ ʇɻɹʂ ʠ ʅɸɼH. 

ʇʨʠ ʦʯʠʩʪʢʝ ʧʨʦʪʦʢʘʪʝʭʦʘʪ ʜʠʦʢʩʠʛʝʥʘʟʳ ʙʝʩʢʣʝʪʦʯʥʳʡ ʵʢʩʪʨʘʢʪ 

ʥʘʥʦʩʠʣʠ ʥʘ ʢʦʣʦʥʢʫ ʩ Q-Sepharose (2.6 Ĭ 20, ʦʙʲʝʤ ʥʦʩʠʪʝʣʷ 60 ʤʣ), 

ʫʨʘʚʥʦʚʝʰʝʥʥʫʶ 50 ʤʄ ʪʨʠʩ/HCl ʙʫʬʝʨʦʤ, ʨʅ 7.5 (ʙʫʬʝʨ ɹ), ʵʣʶʠʨʦʚʘʣʠ 

ʚʦʟʨʘʩʪʘʶʱʠʤ ʣʠʥʝʡʥʳʤ ʛʨʘʜʠʝʥʪʦʤ 0-0.5 ʄ NaCl ʚ 1200 ʤʣ ʩʪʘʨʪʦʚʦʛʦ 

ʙʫʬʝʨʘ ʩʦ ʩʢʦʨʦʩʪʴʶ 2 ʤʣ/ʤʠʥ. ʌʨʘʢʮʠʠ, ʩʦʜʝʨʞʘʱʠʝ ʘʢʪʠʚʥʦʩʪʴ ʇʂʂ ɼʆ, 

ʦʙʲʝʜʠʥʷʣʠ ʠ ʥʘʥʦʩʠʣʠ ʥʘ ʢʦʣʦʥʢʫ Resource Phe (ʦʙʲʝʤ 1 ʤʣ), 

ʫʨʘʚʥʦʚʝʰʝʥʥʫʶ ʙʫʬʝʨʦʤ ɹ, ʩʦʜʝʨʞʘʱʠʤ 1.6 ʄ ʩʫʣʴʬʘʪʘ ʘʤʤʦʥʠʷ. ʕʣʶʮʠʶ 

ʚʝʣʠ ʩʥʠʞʘʶʱʠʤʩʷ 1.6ï0 ʄ ʛʨʘʜʠʝʥʪʦʤ ʩʫʣʴʬʘʪʘ ʘʤʤʦʥʠʷ ʚ 25 ʤʣ 

ʩʪʘʨʪʦʚʦʛʦ ʙʫʬʝʨʘ ʩʦ ʩʢʦʨʦʩʪʴʶ 1 ʤʣ/ʤʠʥ. ʇʦʩʣʝ ʧʨʦʚʝʜʝʥʠʷ ʛʝʣʴ-

ʬʠʣʴʪʨʘʮʠʠ ʚ ʢʦʣʦʥʢʝ ʩ Superdex 75 (16 Ĭ 60), ʫʨʘʚʥʦʚʝʰʝʥʥʦʡ ʙʫʬʝʨʦʤ ɹ ʩ 

0.1 M NaCl, ʢ ʘʢʪʠʚʥʳʤ ʬʨʘʢʮʠʷʤ ʜʦʙʘʚʣʷʣʠ ʩʫʣʴʬʘʪ ʘʤʤʦʥʠʷ ʜʦ 1.6 ʄ ʠ 

ʧʦʩʣʝ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʷ ʥʘʥʦʩʠʣʠ ʥʘ ʢʦʣʦʥʢʫ Resource Iso (1 ʤʣ), ʵʣʶʠʨʫʷ 

ʙʝʣʢʠ ʩʥʠʞʘʶʱʠʤʩʷ ʣʠʥʝʡʥʳʤ ʛʨʘʜʠʝʥʪʦʤ ʩʫʣʴʬʘʪʘ ʘʤʤʦʥʠʷ 1.6ï0 ʄ ʚ 

25 ʤʣ ʙʫʬʝʨʘ ʩʦ ʩʢʦʨʦʩʪʴʶ 2 ʤʣ/ʤʠʥ. ɼʘʣʝʝ ʩʣʝʜʦʚʘʣʘ ʠʦʥʦʦʙʤʝʥʥʘʷ 

ʭʨʦʤʘʪʦʛʨʘʬʠʷ ʥʘ ʢʦʣʦʥʢʝ Resource Q (6 ʤʣ) ʩ ʵʣʶʮʠʝʡ ʚʦʟʨʘʩʪʘʶʱʠʤ 

0-0.5 ʄ ʛʨʘʜʠʝʥʪʦʤ NaCl ʚ 90 ʤʣ ʩʪʘʨʪʦʚʦʛʦ ʙʫʬʝʨʘ ʩʦ ʩʢʦʨʦʩʪʴʶ 2.5 ʤʣ/ʤʠʥ. 

ɸʢʪʠʚʥʳʝ ʬʨʘʢʮʠʠ ʦʙʲʝʜʠʥʷʣʠ ʠ ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʣʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 
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ʬʝʨʤʝʥʪʦʚ. ʇʂʂ ʠʩʧʦʣʴʟʦʚʘʣʠ ʚ ʢʘʯʝʩʪʚʝ ʩʫʙʩʪʨʘʪʘ ʚʦ ʚʨʝʤʷ ʦʯʠʩʪʢʠ 

ʇʂʂ ɼʆ. 

ɺʩʝ ʧʨʦʮʝʜʫʨʳ ʧʦ ʦʮʝʥʢʝ ʯʠʩʪʦʪʳ ʠ ʢʦʣʠʯʝʩʪʚʫ ʙʝʣʢʦʚ, ʦʧʨʝʜʝʣʝʥʠʷ 

ʠʭ ʩʦʩʪʘʚʘ ʠ ʤʘʩʩʳ ʧʨʦʚʦʜʠʣʠ ʢʘʢ ʦʧʠʩʘʥʦ ʨʘʥʝʝ (ʉʫʚʦʨʦʚʘ ʠ ʜʨ., 2006).  

ʂʦʥʩʪʘʥʪʳ ʄʠʭʘʵʣʠʩʘ (ʂm) ʠ ʟʥʘʯʝʥʠʷ Vʤʘʢʩ ʦʧʨʝʜʝʣʷʣʠ ʤʝʪʦʜʦʤ 

ʜʚʦʡʥʳʭ ʦʙʨʘʪʥʳʭ ʚʝʣʠʯʠʥ ʚ ʢʦʦʨʜʠʥʘʪʘʭ 1/V0 ʦʪ 1/S, ʛʜʝ S ï ʢʦʥʮʝʥʪʨʘʮʠʷ 

ʩʫʙʩʪʨʘʪʘ.  

 

2.10. ʄʦʣʝʢʫʣʷʨʥʦ-ʛʝʥʝʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ 

ɺʳʜʝʣʝʥʠʝ ʪʦʪʘʣʴʥʦʡ ɼʅʂ 

ʊʦʪʘʣʴʥʫʶ ɼʅʂ ʚʳʜʝʣʷʣʠ ʠʟ ʦʙʨʘʟʮʦʚ ʧʦʯʚʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʢʦʤʤʝʨʯʝʩʢʦʛʦ ʥʘʙʦʨʘ ʨʝʘʢʪʠʚʦʚ FastDNA Spin Kit  (çMP Biomedicalsè, 

ʉʐɸ), ʠʟ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʢʫʣʴʪʫʨ ʙʘʢʪʝʨʠʡ ʠ ʙʘʢʪʝʨʠʘʣʴʥʳʭ ʘʩʩʦʮʠʘʮʠʡ ï 

ʤʝʪʦʜʦʤ ʱʝʣʦʯʥʦʛʦ ʣʠʟʠʩʘ (Ausbel et al., 1995). ʂʦʥʮʝʥʪʨʘʮʠʶ ʧʦʣʫʯʝʥʥʦʡ 

ɼʅʂ ʦʧʨʝʜʝʣʷʣʠ ʥʘ ʧʨʠʙʦʨʝ QubitTM Fluorometer (çInvitrogenè, ʉʐɸ) 

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʝʘʢʪʠʚʦʚ ʧʨʦʠʟʚʦʜʠʪʝʣʷ. 

ɺʳʷʚʣʝʥʠʝ ʩʪʨʫʢʪʫʨ rʤʠʢʨʦʙʥʦʛʦ ʩʦʦʙʱʝʩʪʚʘ 

ɸʥʘʣʠʟ ʩʪʨʫʢʪʫʨʳ ʤʠʢʨʦʙʥʦʛʦ ʩʦʦʙʱʝʩʪʚʘ ʧʨʦʚʦʜʠʣʠ ʤʝʪʦʜʦʤ 

ʜʝʥʘʪʫʨʠʨʫʶʱʝʛʦ ʛʨʘʜʠʝʥʪʥʦʛʦ ʛʝʣʴ-ʵʣʝʢʪʨʦʬʦʨʝʟʘ (ɼɻɻʕ). 

ɼʣʷ ʘʤʧʣʠʬʠʢʘʮʠʠ ʬʨʘʛʤʝʥʪʘ ʛʝʥʘ 16S ʨʈʅʂ, ʩʦʩʪʘʚʣʷʶʱʝʛʦ 566 ʧ.ʥ. 

ʧʦ ʥʫʤʝʨʘʮʠʠ E. coli, ʧʨʠʤʝʥʷʣʠ ʧʨʘʡʤʝʨʳ: 27F, ʚʢʣʶʯʘʶʱʠʡ 40 ʧ.ʥ. 

GC-ʭʚʦʩʪ ʥʘ 5`-ʢʦʥʮʝ, ʠ 518R (Tiirola et al., 2005). ɸʤʧʣʠʬʠʢʘʮʠʶ ʧʨʦʚʦʜʠʣʠ 

ʚ 50 ʤʢʣ ʩʤʝʩʠ, ʩʦʜʝʨʞʘʱʝʡ 0.25 ʤʄ ʜʅʊʌ, 0.3 ʤʢʄ ʧʨʘʡʤʝʨʘ (ʢʘʞʜʦʛʦ), 

1.5 ʤʄ MgCl2, 1ʭ Green ʙʫʬʝʨ ʜʣʷ Dream Taq-ʧʦʣʠʤʝʨʘʟʳ (çThermo Fisher 

Scientificè, ʉʐɸ), 2 ʝʜ. ʘʢʪ. Dream Taq-ʧʦʣʠʤʝʨʘʟʳ (çThermo Fisher 

Scientificè, ʉʐɸ) ʠ 2ʤʢʣ ɼʅʂ-ʤʘʪʨʠʮʳ ʚ ʪʝʨʤʦʮʠʢʣʝʨʝ My Cycler (çBio-

Radè, ʉʐɸ). ʇʨʦʜʫʢʪʳ ʘʤʧʣʠʬʠʢʘʮʠʠ ʨʘʟʜʝʣʷʣʠ ʵʣʝʢʪʨʦʬʦʨʝʟʦʤ 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 
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ʙʨʦʤʠʩʪʳʤ ʵʪʠʜʠʝʤ (0.5 ʤʢʛ/ʤʣ) ʚ ʧʨʦʭʦʜʷʱʝʤ ʋʌ-ʩʚʝʪʝ ʠ ʜʦʢʫʤʝʥʪʠʨʦʚʘʥʘ 

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

ɼɻɻʕ 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 ʧʨʠʙʦʨʝ DcodeTM Universal Mutation System (çBio-Radè, ʉʐɸ). ɻʝʣʠ 

ʢʨʘʩʠʣʠ 15 ʤʠʥ ʚ ʨʘʩʪʚʦʨʝ ʙʨʦʤʠʩʪʦʛʦ ʵʪʠʜʠʷ (0.5 ʤʢʛ/ʤʣ), 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 4.6 

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

ʠʩʧʦʣʴʟʦʚʘʣʠ ʢʦʵʬʬʠʮʠʝʥʪ ɼʘʡʩʘ, ʧʦʩʪʨʦʝʥʠʝ ʜʝʥʜʨʦʛʨʘʤʤʳ ʦʩʫʱʝʩʪʚʣʷʣʠ 

ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ UPGMA ʠʟ ʧʘʢʝʪʘ ʧʨʦʛʨʘʤʤ Quantity One 4.6 (çBio-Radè, 

ʉʐɸ). ʇʦʣʫʯʝʥʥʳʝ ɼɻɻʕ-ʧʨʦʬʠʣʠ ʙʳʣʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʩ ʧʦʤʦʱʴʶ 

ʠʥʜʝʢʩʘ ʐʝʥʥʦʥʘ-ʋʠʚʝʨʘ. ʇʨʠ ʵʪʦʤ ʧʨʝʜʧʦʣʘʛʘʣʦʩʴ, ʯʪʦ ʦʜʥʘ ʧʦʣʦʩʘ ʚ ʛʝʣʝ 

(ʦʧʝʨʘʮʠʦʥʘʣʴʥʘʷ ʪʘʢʩʦʥʦʤʠʯʝʩʢʘʷ ʝʜʠʥʠʮʘ (ʆʊɽ)) ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʜʥʦʤʫ 

ʚʠʜʫ, ʘ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʩʚʝʯʝʥʠʷ ʦʪʨʘʞʘʝʪ ʝʝ ʯʠʩʣʝʥʥʦʩʪʴ. ʇʨʠ ʦʧʝʨʘʮʠʷʭ 

ʫʯʠʪʳʚʘʣʠ ʧʦʣʦʞʝʥʠʝ ʧʦʣʦʩʳ ʚ ʛʝʣʝ. ɺ ʘʥʘʣʠʟ ʚʢʣʶʯʘʣʠ ʧʦʣʦʩʳ, ʠʤʝʶʱʠʝ 

ʚʳhʝ 0.2% ʦʪ ʩʫʤʤʘʨʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʦʣʦʩ ʜʦʨʦʞʢʠ. 

ɼʣʷ ʧʦʜʛʦʪʦʚʢʠ ʢ ʩʝʢʚʝʥʠʨʦʚʘʥʠʶ ʬʨʘʛʤʝʥʪʳ ɼʅʂ ʙʳʣʠ ʵʣʶʠʨʦʚʘʥʳ 

ʠʟ ʛʝʣʷ ʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʢʘʯʝʩʪʚʝ ʤʘʪʨʠʮʳ ʜʣʷ ʘʤʧʣʠʬʠʢʘʮʠʠ ʩ ʧʨʘʡʤʝʨʘʤʠ 

27F ʠ 518R. ʆʧʠʩʘʥʠʝ ʫʩʣʦʚʠʡ ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ ʠ ʘʥʘʣʠʟʘ ʥʫʢʣʝʦʪʠʜʥʳʭ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʧʨʠʚʝʜʝʥʳ ʥʠʞʝ, ʚ ʛʣʘʚʝ 2.10.7. 

ʄʝʪʦʜʳ ʚʳʜʝʣʝʥʠʷ ʧʣʘʟʤʠʜʥʦʡ ɼʅʂ 

ɼʣʷ ʚʳʜʝʣʝʥʠʷ ʧʣʘʟʤʠʜʥʦʡ ɼʅʂ ʠʩʧʦʣʴʟʦʚʘʣʠ ʤʝʪʦʜ ʱʝʣʦʯʥʦʛʦ 

ʣʠʟʠʩʘ, ʤʝʪʦʜ ɹʘʙʳʢʠʥʘ, ʤʝʪʦʜ ʇʦʨʪʥʦʛʦ-ʋʘʡʪʘ, ʘ ʪʘʢʞʝ ʤʝʪʦʜ ʧʫʣʴʩ-
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ʵʣʝʢʪʨʦʬʦʨʝʟʘ (ɹʘʙʳʢʠʥ ʠ ʜʨ., 1984, ʄʝʪʦʜʳ ʦʙʱʝʡ ʙʘʢʪʝʨʠʦʣʦʛʠʠ, 1983; 

Marko et al., 1982,).  

ʇʫʣʴʩ-ʵʣʝʢʪʨʦʬʦʨʝʟ ʦʩʫʱʝʩʪʚʣʷʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʠʙʦʨʘ CHEF 

DR II  (çBio-Rad Laboratoriesè, ʉʐɸ). ʐʪʘʤʤ rʚʳʨʘʱʠʚʘʣʠ ʚ ʤʠʥʝʨʘʣʴʥʦʡ 

ʩʨʝʜʝ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʫʛʣʝʚʦʜʦʨʦʜʦʤ (ɹʂ, ʙʠʬʝʥʠʣ (1 ʛ/ʣ)) ʠʣʠ ʚ ʩʨʝʜʝ 

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-

Radè, ʉʐɸ). ɹʣʦʢʠ ʦʙʨʘʙʘʪʳʚʘʣʠ ʣʠʟʦʮʠʤʦʤ (1 ʤʛ/ʤʣ) ʧʨʠ 37Áʉ ʚ ʪʝʯʝʥʠʝ 

5ï16 ʯ, ʧʨʦʪʝʠʥʘʟʦʡ ʂ (1 ʤʛ/ʤʣ) ï ʧʨʠ 50Áʉ ʚ ʪʝʯʝʥʠʝ 12-18 ʯ, ʥʫʢʣʝʘʟʦʡ S1 

(5 ʝʜ. ʥʘ ʘʛʘʨʦʟʥʳʡ ʙʣʦʢ) ï ʧʨʠ 37Áʉ, 3.5 ʯ. ʕʣʝʢʪʨʦʬʦʨʝʟ ʦʙʨʘʟʮʦʚ 

ʦʩʫʱʝʩʪʚʣʷʣʠ ʚ 1%-ʥʦʤ ʘʛʘʨʦʟʥʦʤ ʛʝʣʝ (Pulsed Field Certified Agarose, çBio-

Radè, ʉʐɸ) ʚ 0.5 ʊɹʕ-ʙʫʬʝʨʝ (108 ʛ ʪʨʠʩ, 55 ʛ ʙʦʨʥʘʷ ʢʠʩʣʦʪʘ, 40 ʤʣ 0.5ʄ 

ʕɼʊɸ, ʜʦ 1 ʣ H2O) ʧʨʠ 14Áʉ, 6 V/ʩʤ, ʚʨʝʤʷ ʧʫʣʴʩʘʮʠʠ ʦʪ 60 ʩ ʜʦ 120 ʩ, 

ʚ ʪʝʯʝʥʠʝ 24 ʯ. ɻʝʣʴ ʦʢʨʘʰʠʚʘʣʠ ʙʨʦʤʠʩʪʳʤ ʵʪʠʜʠʝʤ (0.5 ʤʛ/ʣ, 10 ʤʠʥ) ʠ 

ʬʦʪʦʛʨʘʬʠʨʦʚʘʣʠ ʚ ʫʣʴʪʨʘʬʠʦʣʝʪʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʠʩʪʝʤʳ ʛʝʣʴ-

ʜʦʢʫʤʝʥʪʘʮʠʠ (çBio-Radè, ʉʐɸ). ʈʘʟʤʝʨ ʚʥʝʭʨʦʤʦʩʦʤʘʣʴʥʦʡ ɼʅʂ 

ʦʮʝʥʠʚʘʣʠ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʵʣʝʢʪʨʦʬʦʨʝʪʠʯʝʩʢʦʡ ʧʦʜʚʠʞʥʦʩʪʴʶ ʤʘʨʢʝʨʘ 

ʤʦʣʝʢʫʣʷʨʥʳʭ ʤʘʩʩ çDNA Size Markers ï Yeast Chromosomalè (çBio-Radè, 

ʉʐɸ). 

ɸʤʧʣʠʬʠʢʘʮʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʝʥʦʚ 

ɼʣʷ ʘʤʧʣʠʬʠʢʘʮʠʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʝʥʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠ ʧʨʘʡʤʝʨʳ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʪʘʙʣʠʮʝ 3. ɸʤʧʣʠʬʠʢʘʮʠʶ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʝʥʦʚ 

ʧʨʦʚʦʜʠʣʠ ʥʘ ʧʨʠʙʦʨʝ MyCycler (çBio-Rad Laboratoriesè, ʉʐɸ) ʩʦʛʣʘʩʥʦ 

ʧʨʦʪʦʢʦʣʦʚ (ʐʫʤʢʦʚʘ, ʇʣʦʪʥʠʢʦʚʘ, 2013; Mesarch et al., 2000; Hickey, Sabat, 

2001; Baldwin et al., 2003; Garc²a et al., 2005; Rodrigues et al., 2006; Baggi et 

al., 2008; Iwai et al., 2011). 
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ʊʘʙʣʠʮʘ 3 ï ʆʣʠʛʦʥʫʢʣʝʦʪʠʜʳ, ʠʩʧʦʣʴʟʦʚʘʥʥʳʝ ʧʨʠ ʇʎʈ-ʘʥʘʣʠʟʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʝʥʦʚ 

 

ɻʝʥ / ʧʨʘʡʤʝʨʳ ʌʝʨʤʝʥʪ ʅʫʢʣʝʦʪʠʜʥʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʧʨʘʡʤʝʨʦʚ 

ʈʘʟʤʝʨ 

ʘʤʧʣʠʬʠ-

ʮʠʨʫʝʤʦʛʦ 

ʬʨʘʛʤʝʥʪʘ, ʧ.ʥ. 

ʃʠʪʝʨʘʪʫʨʘ 

1 2 3 4 5 

bphA1 / bphA 

ɹʠʬʝʥʠʣ 

ʜʠʦʢʩʠʛʝʥʘʟʘ 

(Ŭ- ʩʫʙʲʝʜʠʥʠʮʘ) 

(ʂʌ 1.14.12.18) 

F: 5ô-AAGGCCGGCGACTTCATGAC-3' 

R: 5ô-TGCTCCGCTGCGAACTTCC-3ô 
452 

Baldwin et al., 

2003 

bphA1 / BPHD-f3 

bphA1 / BPHD-r1 

F: 5ô-AACTGGAARTTYGCIGCVGA-3' 

R: 5ô-ACCCAGTTYTCICCRTCGTC-3ô 
520 Iwai et al., 2011 

bphA1 / 

BphA1F450 

bphA1 / BPHD-r1 

F: 5ô-CCGGCGACTTYATSACSAMSTACAT-3' 

R: 5ô-ACCCAGTTYTCICCRTCGTC-3ô 
970 

ʐʫʤʢʦʚʘ ʠ 

ʇʣʦʪʥʠʢʦʚʘ, 2013  

bphA1 / 

BphA1F462 

bphA1 / BPHD-r1 

F: 5ô-TGACCACGTACATGGGBGARGA-3' 

R: 5ô-ACCCAGTTYTCICCRTCGTC-3ô 
960 

ʐʫʤʢʦʚʘ ʠ 

ʇʣʦʪʥʠʢʦʚʘ, 2013 

bphA1 / 

BphA1R900 
R: 5ô-TCSGCDGCRAWYTTCCAGTT-3'  

ʐʫʤʢʦʚʘ ʠ 

ʇʣʦʪʥʠʢʦʚʘ, 2013 

benA, / benA ɹʝʥʟʦʘʪ 

ʜʠʦʢʩʠʛʝʥʘʟʘ               

(Ŭ- ʩʫʙʲʝʜʠʥʠʮʘ) 

(ʂʌ 1.14.12.10) 

F: 5ô-GCCCACGAGAGCCAGATTCCC-3ô 

R: 5ô-GGTGGCGGCGTAGTTCCAGTG-3ô 
521 Baggi et al., 2008 

ohbA / ohbA ʦʨʪʦ-ʛʘʣʦʙʝʥʟʦʘʪ 

1,2-ʜʠʦʢʩʠʛʝʥʘʟʘ 

(Ŭ- ʩʫʙʲʝʜʠʥʠʮʘ) 

(ʂʌ 1.14.12.13) 

F: 5ô-GAGGGTCAAGAGGAGGGAGAGTTGATGAAC-3' 

R: 5ô-GGCGCACGAGGAGCGTGTCGATTAA-3' 
547 

Hickey, Sabat, 

2001 

ohbB / ohbB ʦʨʪʦ-ʛʘʣʦʙʝʥʟʦʘʪ 

1,2-ʜʠʦʢʩʠʛʝʥʘʟʘ 

(ɓ- ʩʫʙʲʝʜʠʥʠʮʘ) 

(ʂʌ 1.14.12.13) 

F: 5ô-GCGGACAAGCGTTTCGATACAGGA-3' 

R: 5ô-GCTTGCAGTTGCGCTTGATGAT-3' 
580 

Hickey, Sabat, 

2001 
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   ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 

1 2 3 4 5 

fcbA / fcbA 4ʍɹʂ-ʂʦɸ-ʣʠʛʘʟʘ 

(ʂʌ 6.2.1.33) 

F: 5ô-AACTGATCCGCCGAGACAACATTC-3ô 

R: 5ô-AGGCATTTTTCGAGACGCTTCA-3ô 
599 

Rodrigues et al., 

2006 

fcbB / fcbB 4ʍɹʂ-ʂʦɸ-

ʜʝʛʘʣʦʛʝʥʘʟʘ 

(ʂʌ 3.8.1.6) 

F: 5ô-GGTCCAGCGAGCGAAATCCAGTC-3ô 

R: 5ô-CCCCCGCACACCGCATCAAG-3ô 
599 

Rodrigues et al., 

2006 

ʉ23O, /ʩat238 ʂʘʪʝʭʦʣ 2,3-

ʜʠʦʢʩʠʛʝʥʘʟʘ 

(ʂʌ 1.13.11.2) 

F: 5ô-CGACCTGATCTCCATGACCGA-3ô 

R: 5ô-TCAGGTCAGCACGGTCA-3ô 
238 

Mesarch et al., 

2000 

clcA / clcA ʍʣʦʨʢʘʪʝʭʦʣ 1,2-

ʜʠʦʢʩʠʛʝʥʘʟʘ 

(ʂʌ 1.13.11.1) 

F: 5ô-ACGAGTCATGGATAAACGA-3ô 

R: 5ô-TTGCGTTGCTCGGCCTGCTCA-3ô 
720 Baggi et al., 2008 

pcaH / Pro3.4 ʇʨʦʪʦʢʘʪʝʭʦʘʪ 3,4-

ʜʠʦʢʩʠʛʝʥʘʟʘ 

(ɓ-ʩʫʙʲʝʜʠʥʠʮʘ) 

(ʂʌ 1.13.11.3) 

F: 5ô-GCSCCSCTSGAGCCSAACTTC-3ô 

R: 5ô-GCCGCGSAGSACGATRTCGAA-3ô 
336 Garc²a et al., 2005 
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ʈʝʩʪʨʠʢʮʠʦʥʥʳʡ ʘʥʘʣʠʟ 

ɸʥʘʣʠʟ ʧʦʣʠʤʦʨʬʠʟʤʘ ʜʣʠʥ ʨʝʩʪʨʠʢʮʠʦʥʥʳʭ ʬʨʘʛʤʝʥʪʦʚ (ʇɼʈʌ-

ʘʥʘʣʠʟ) ʧʨʦʚʦʜʠʣʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʝʢʦʤʝʥʜʘʮʠʷʤʠ (ʄʘʥʠʘʪʠʩ ʠ ʜʨ., 1984). 

ʆʙʨʘʙʦʪʢʫ ɼʅʂ ʵʥʜʦʥʫʢʣʝʘʟʘʤʠ ʨʝʩʪʨʠʢʮʠʠ ʧʨʦʚʦʜʠʣʠ ʧʨʠ 37Áʉ ʚ ʪʝʯʝʥʠʝ 

1ï2 ʯʘʩʦʚ ʚ ʦʙʲʝʤʝ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ 20 ʤʢʣ. ʈʝʘʢʮʠʶ ʦʩʪʘʥʘʚʣʠʚʘʣʠ 

ʧʨʦʛʨʝʚʘʥʠʝʤ ʧʨʠ 65Áʉ 10 ʤʠʥʫʪ. ɺ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʣʠ ʵʥʜʦʥʫʢʣʝʘʟʳ 

ʨʝʩʪʨʠʢʮʠʠ EcoRI, BamHI, PstI, HindIII, HhaI ʠ HaeIII  (çBoehringer 

Mannheimè, ɻʝʨʤʘʥʠʷ; çFermentasè, ʃʠʪʚʘ). 

ɺʠʟʫʘʣʠʟʘʮʠʷ ʘʤʧʣʠʬʠʮʠʨʦʚʘʥʥʳʭ ʬʨʘʛʤʝʥʪʦʚ ɼʅʂ 

ʇʨʦʜʫʢʪʳ ʇʎʈ ʨʘʟʜʝʣʷʣʠ ʵʣʝʢʪʨʦʬʦʨʝʟʦʤ ʚ ʘʛʘʨʦʟʥʦʤ ʛʝʣʝ 

(ʢʦʥʮʝʥʪʨʘʮʠʷ ʘʛʘʨʦʟʳ 0.8ï1.5%) ʚ 1ʭ ʊʨʠʩ-ʙʦʨʘʪʥʦʤ ʙʫʬʝʨʝ (çThermo 

scientificè, ʃʠʪʚʘ) ʧʨʠ ʥʘʧʨʷʞʝʥʠʠ 10 V/ʩʤ. ɼʣʷ ʥʘʥʝʩʝʥʠʷ ʧʨʦʙ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʙʫʬʝʨ (20 % ʬʠʢʦʣ (ʪʠʧ 400), 0.1 M Na2ʕɼʊɸ, 1.0 % SDS, 0.25 

% ʙʨʦʤʬʝʥʦʣ ʩʠʥʠʡ, 0.25 % ʢʩʠʣʦʮʠʘʥʦʣ). ɸʛʘʨʦʟʥʳʝ ʛʝʣʠ ʦʢʨʘʰʠʚʘʣʠ 

ʨʘʩʪʚʦʨʦʤ ʙʨʦʤʠʩʪʦʛʦ ʵʪʠʜʠʷ (1ï2 ʤʢʛ/ʤʣ) ʚ ʪʝʯʝʥʠʝ 15ï20 ʤʠʥʫʪ ʠ 

ʚʠʟʫʘʣʠʟʠʨʦʚʘʣʠ ʚ ʧʨʦʭʦʜʷʱʝʤ ʋʌ-ʩʚʝʪʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʠʩʪʝʤʳ Gel Doc 

XRtm (çBio-Radè, ʉʐɸ).  

ʉʝʢʚʝʥʠʨʦʚʘʥʠʝ ʠ ʘʥʘʣʠʟ ʧʨʦʜʫʢʪʦʚ ʘʤʧʣʠʬʠʢʘʮʠʠ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʝʥʦʚ 

ʆʧʨʝʜʝʣʝʥʠʝ ʥʫʢʣʝʦʪʠʜʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʘʤʧʣʠʬʠʮʠʨʦʚʘʥʥʳʭ 

ʬʨʘʛʤʝʥʪʦʚ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʝʥʦʚ ʧʨʦʚʦʜʠʣʠ ʧʦ ʤʝʪʦʜʫ ʉʵʥʛʝʨʘ 

ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʥʘʙʦʨʦʚ CEQ Cycler Sequencing kit (çJSC GE Healthcareè, 

ʉʐɸ) ʠ Big Gye Terminator Ready Reaction kit 3.1 (çApplied Biosystemsè, 

ʉʐɸ) ʥʘ ʧʨʠʙʦʨʘʭ MegaBACE 1000 (çJSC GE Healthcareè, ʉʐɸ) ʠ Genetic 

Analyser 3500XL (çApplied Biosystemsè, ʉʐɸ) ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ 

ʩ ʨʝʢʦʤʝʥʜʘʮʠʷʤʠ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ. ʇʦʣʫʯʝʥʥʳʝ ʥʫʢʣʝʦʪʠʜʥʳʝ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʘʥʘʣʠʟʠʨʦʚʘʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤ CLUSTAL 

W, CLUSTAL X 1.83 TREECON v. 1.3b, CLC Sequence Viewer 6.5.3, MEGA 

6.0/7.0/ʍ (http://www.megasoftware.net). ʇʦʠʩʢ ʛʦʤʦʣʦʛʠʯʥʳʭ 
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ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʧʨʦʠʟʚʦʜʠʣʠ ʧʦ ʙʘʟʘʤ ʜʘʥʥʳʭ GenBank 

(http://www.ncbi.nlm.nih.gov). ʌʠʣʦʛʝʥʝʪʠʯʝʩʢʠʡ ʠ ʢʣʘʩʪʝʨʥʳʡ ʘʥʘʣʠʟ, 

ʘ ʪʘʢʞʝ ʚʠʟʫʘʣʠʟʘʮʠʶ ʜʝʨʝʚʴʝʚ ʚʳʧʦʣʥʷʣʠ ʚ ʧʨʦʛʨʘʤʤʘʭ MEGA. 

ʉʪʘʪʠʩʪʠʯʝʩʢʫʶ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʚʝʪʚʣʝʥʠʷ (çbootstrapè-ʘʥʘʣʠʟ) ʦʮʝʥʠʚʘʣʠ ʥʘ 

ʦʩʥʦʚʝ 1000 ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʜʝʨʝʚʴʝʚ. ɼʝʜʫʢʪʠʚʥʳʝ ʘʤʠʥʦʢʠʩʣʦʪʥʳʝ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʧʦʣʫʯʘʣʠ ʥʘ ʦʩʥʦʚʘʥʠʠ ʥʫʢʣʝʦʪʠʜʥʳʭ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤ MEGA.  

ɸʥʘʣʠʟ ʧʦʣʥʦʛʝʥʦʤʥʦʡ ʥʫʢʣʝʦʪʠʜʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ 

ɸʥʘʣʠʟ ʥʫʢʣʝʦʪʠʜʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʛʝʥʦʤʘ ʰʪʘʤʤʦʚ-

ʜʝʩʪʨʫʢʪʦʨʦʚ ʦʩʫʱʝʩʪʚʣʷʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʣʘʪʬʦʨʤ PATRIC 3.6.6. 

(https://patricbrc.org) ʠ SEED Viewer 2.0. (https://rast.nmpdr.org/), ʘ ʪʘʢʞʝ 

ʧʘʢʝʪʘ ʧʨʦʛʨʘʤʤ CONTIGuator_v2.7. ʠ ʙʘʟʳ ʜʘʥʥʳʭ GenBank 

(http://www.ncbi.nlm.nih.gov). 

ɼʝʧʦʥʠʨʦʚʘʥʠʝ ʥʫʢʣʝʦʪʠʜʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ 

ɼʘʥʥʳʝ ʧʦ ʥʫʢʣʝʦʪʠʜʥʳʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʤ ʘʤʧʣʠʬʠʮʠʨʦʚʘʥʥʳʭ 

ʫʯʘʩʪʢʦʚ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʝʥʦʚ, ʛʝʥʘ 16S ʨʈʅʂ ʠ ʧʦʣʥʦʛʝʥʦʤʥʘʷ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʜʝʧʦʥʠʨʦʚʘʥʳ ʚ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʙʘʟʝ ʜʘʥʥʳʭ GenBank. 

ʅʦʤʝʨʘ ʧʨʠʚʝʜʝʥʳ ʥʠʞʝ, ʚ ʛʣʘʚʝ 4 ʠ ʇʨʠʣʦʞʝʥʠʠ 3. 

 

2.11. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʩʪʨʫʢʪʫʨʳ Ŭ-ʩʫʙʲʝʜʠʥʠʮʳ ʙʠʬʝʥʠʣ 

ʜʠʦʢʩʠʛʝʥʘʟʳ ʠ ʤʝʪʘʙʦʣʠʯʝʩʢʠʭ ʧʫʪʝʡ 

ʇʫʪʠ ʨʘʟʣʦʞʝʥʠʷ ʙʠʬʝʥʠʣʘ, ʭʣʦʨʠʨʦʚʘʥʥʳʭ ʙʠʬʝʥʠʣʦʚ, ʭʠʤʠʯʝʩʢʠ-

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʭʣʦʨʙʠʬʝʥʠʣʦʚ ʠ ʦʩʥʦʚʥʳʭ ʤʝʪʘʙʦʣʠʪʦʚ ʘʥʘʣʠʟʠʨʦʚʘʣʠ 

ʠ ʤʦʜʝʣʠʨʦʚʘʣʠ, ʦʩʥʦʚʳʚʘʷʩʴ ʥʘ ʙʘʟʘʭ ʜʘʥʥʳʭ Brenda (http://www.brenda-

enzymes.info), KEGG (http://www.genome.jp), ExplorEnz (http://www.enzyme-

database.org), GenBank (http://www.ncbi.nlm.nih.gov), ʩ ʫʯʝʪʦʤ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦ ʤʝʪʘʙʦʣʠʯʝʩʢʦʤʫ ʧʨʦʬʠʣʶ, ʘʢʪʠʚʥʦʩʪʠ 

ʬʝʨʤʝʥʪʦʚ ʠ ʠʩʩʣʝʜʦʚʘʥʠʶ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʝʥʦʚ. 

http://www.ncbi.nlm.nih.gov/
http://www.ncbi.nlm.nih.gov/
http://www.brenda-enzymes.info/
http://www.brenda-enzymes.info/
http://www.genome.jp/
http://www.enzyme-database.org/
http://www.enzyme-database.org/
http://www.ncbi.nlm.nih.gov/
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ʇʝʨʚʠʯʥʫʶ, ʚʪʦʨʠʯʥʫʶ ʠ ʪʨʝʪʠʯʥʫʶ ʩʪʨʫʢʪʫʨʫ Ŭ-ʩʫʙʲʝʜʠʥʠʮʳ 

ʙʠʬʝʥʠʣ 2,3-ʜʠʦʢʩʠʛʝʥʘʟʳ ʤʦʜʝʣʠʨʦʚʘʣʠ ʥʘ ʦʩʥʦʚʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ 

ʦʧʨʝʜʝʣʝʥʥʦʡ ʥʫʢʣʝʦʪʠʜʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʠʟʚʝʩʪʥʳʭ 

ʤʦʜʝʣʝʡ ʬʝʨʤʝʥʪʦʚ ʢʣʘʩʩʘ ʜʠʦʢʩʠʛʝʥʘʟ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤ MEGA X 

(https://www.megasoftware.net), SwissDock (https://www.swissdock.ch), 

SwissModel (https://www.swissmodel.expasy.org), UCSF CHIMERA 

(https://www.cgl.ucsf.edu/chimera/download.html). 

 

2.12. ʂʠʥʝʪʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʜʝʩʪʨʫʢʮʠʠ ʇʍɹ 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʜʝʩʪʨʫʢʮʠʠ ʭʣʦʨʙʠʬʝʥʠʣʦʚ ʠ ʠʭ ʧʨʦʠʟʚʦʜʥʳʭ 

ʦʮʝʥʠʚʘʣʠ ʚ ʧʨʦʮʝʥʪʘʭ ʩʦʛʣʘʩʥʦ ʬʦʨʤʫʣʝ: 

ɼ (%) =100-((ʉt Ĭ100)/C0), 

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

ʯʝʨʝʟ ʦʧʨʝʜʝʣʝʥʥʳʡ ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ; C0 ï ʢʦʥʮʝʥʪʨʘʮʠʷ ʩʫʙʩʪʨʘʪʘ ʚ 

ʥʘʯʘʣʴʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ. 

ɼʣʷ ʦʧʠʩʘʥʠʷ ʧʨʦʮʝʩʩʘ ʨʘʟʣʦʞʝʥʠʷ ʭʣʦʨʙʠʬʝʥʠʣʦʚ ʧʨʠ ʨʘʟʥʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʠ NaCl ʚ ʩʨʝʜʝ ʠʩʧʦʣʴʟʦʚʘʣʠ 4 ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʘʥʘʣʠʟʘ 

ʜʘʥʥʳʭ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʘʧʧʨʦʢʩʠʤʘʮʠʠ: 

Ct-C0=Kt; T1/2=C0/2K0 

lnCt=K1t+lnC0; T1/2=ln 2/K1 

1/Ct=1/C0+K2t; T1/2=C0/2K2 

Ct=C0^eïK t; T1/2=ln0.5/-Kô 

ʛʜʝ Ct ï ʢʦʥʮʝʥʪʨʘʮʠʷ ʭʣʦʨʙʠʬʝʥʠʣʘ ʯʝʨʝʟ ʦʧʨʝʜʝʣʝʥʥʳʡ ʧʨʦʤʝʞʫʪʦʢ 

ʚʨʝʤʝʥʠ; C0 ï ʢʦʥʮʝʥʪʨʘʮʠʷ ʭʣʦʨʙʠʬʝʥʠʣʘ ʚ ʥʘʯʘʣʴʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ; K ï 

ʢʦʥʩʪʘʥʪʘ ʜʝʩʪʨʫʢʮʠʠ, ʯ-1; T1/2 ï ʧʝʨʠʦʜ ʧʦʣʫʞʠʟʥʠ (ʧʦʣʫʨʘʟʣʦʞʝʥʠʷ) 

ʩʫʙʩʪʨʘʪʘ. 

ʊʘʢʞʝ ʜʣʷ ʘʥʘʣʠʟʘ ʢʠʥʝʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʜʝʩʪʨʫʢʮʠʠ ʚʳʯʠʩʣʷʣʠ 

ʫʨʘʚʥʝʥʠʝ ʧʝʨʚʦʛʦ ʧʨʠʙʣʠʞʝʥʠʷ ʟʘʚʠʩʠʤʦʩʪʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʫʙʩʪʨʘʪʘ ʦʪ 

ʚʨʝʤʝʥʠ ʠʥʢʫʙʘʮʠʠ ʩ ʫʯʝʪʦʤ ʢʦʵʬʬʠʮʠʝʥʪʘ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʘʧʧʨʦʢʩʠʤʘʮʠʠ 

(R2) ʠ ʧʦʩʣʝʜʫʶʱʠʤ ʚʳʯʠʩʣʝʥʠʝʤ ʧʝʨʠʦʜʘ ʧʦʣʫʨʘʟʨʫʰʝʥʠʷ ʩʫʙʩʪʨʘʪʘ (ʊ1/2). 

https://www.megasoftware.net/
https://www.swissdock.ch/
https://www.swissmodel.expasy.org/
https://www.cgl.ucsf.edu/chimera/download.html
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ʉʢʦʨʦʩʪʴ ʜʝʩʪʨʫʢʮʠʠ ʩʫʙʩʪʨʘʪʘ ʨʘʩʩʯʠʪʳʚʘʣʠ ʧʦ ʬʦʨʤʫʣʝ 

V= (ʉ0 ï Ci)/ ((ti ï t0) ĿCʢʣʝʪ), 

ʛʜʝ C0 ï ʢʦʥʮʝʥʪʨʘʮʠʷ ʩʤʝʩʠ ʇʍɹ ʚ ʥʘʯʘʣʴʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ, ʤʛ/ʣ, ʉi 

- ʢʦʥʮʝʥʪʨʘʮʠʷ ʩʤʝʩʠ ʇʍɹ 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 ʩʤʝʩʝʡ ʇʍɹ ʠ ʭʠʤʠʯʝʩʢʠ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʇʍɹ ʨʘʩʩʯʠʪʳʚʘʣʠ ʧʦ ʬʦʨʤʫʣʝ 

Vʫʜ= (lnʉ0 ï lnCi)/ (ti ï t0), 

ʛʜʝ C0 ï ʢʦʥʮʝʥʪʨʘʮʠʷ ʩʤʝʩʠ ʇʍɹ ʚ ʥʘʯʘʣʴʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ, ʤʛ/ʣ, 

ʉi - ʢʦʥʮʝʥʪʨʘʮʠʷ ʩʤʝʩʠ ʇʍɹ ʚ ʢʦʥʝʯʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ, ʤʛ/ʣ,                            

ti ï ʢʦʥʝʯʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ, ʩʫʪ, t0 ï ʥʘʯʘʣʴʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ, ʩʫʪ. 

 

2.13. ɹʝʟʦʧʘʩʥʦʩʪʴ ʰʪʘʤʤʦʚ-ʜʝʩʪʨʫʢʪʦʨʦʚ ʜʣʷ ʞʠʚʦʪʥʳʭ ʠ 

ʯʝʣʦʚʝʢʘ 

ʆʧʨʝʜʝʣʝʥʠʝ ʘʥʪʠʙʠʦʪʠʢʦʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʙʘʢʪʝʨʠʘʣʴʥʳʭ ʰʪʘʤʤʦʚ 

ʧʨʦʚʦʜʠʣʠ ʜʠʩʢʦ-ʜʠʬʬʫʟʠʦʥʥʳʤ ʤʝʪʦʜʦʤ (ʄʝʪʦʜʠʯ. ʫʢʘʟé, 2004). 

ʀʩʧʦʣʴʟʦʚʘʣʠ ʙʫʤʘʞʥʳʝ ʜʠʩʢʠ ʩ ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʳʤʠ ʧʨʝʧʘʨʘʪʘʤʠ 

ʚ ʩʪʘʥʜʘʨʪʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ (ʄʠʥʤʝʜʧʨʦʤ ʈʌ ʇʆ çʄʦʩʤʝʜʧʨʝʧʘʨʘʪè). 

ʀʩʩʣʝʜʦʚʘʣʠ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʰʪʘʤʤʦʚ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʯʝʪʳʨʝʤ ʛʨʫʧʧʘʤ 

ʘʥʪʠʙʠʦʪʠʢʦʚ: çʘè (ɓ-ʣʘʢʪʘʤʳ) - ʙʝʥʟʠʣʧʝʥʠʮʠʣʣʠʥ, ʘʤʧʠʮʠʣʣʠʥ, 

ʦʢʩʘʮʠʣʣʠʥ; çʙè (ʘʤʠʥʦʛʣʠʢʦʟʠʜʳ) ï ʩʪʨʝʧʪʦʤʠʮʠʥ, ʥʝʦʤʠʮʠʥ; 

çʝè (ʧʨʝʧʘʨʘʪʳ ʛʨʫʧʧʳ ʣʝʚʦʤʠʮʝʪʠʥʘ) ï ʣʝʚʦʤʠʮʝʪʠʥ; çʟè (ʘʥʪʠʙʠʦʪʠʢʠ 

ʨʘʟʥʳʭ ʭʠʤʠʯʝʩʢʠʭ ʛʨʫʧʧ) ï ʨʠʩʪʦʤʠʮʠʥ. ɼʠʩʢʠ ʧʦʤʝʱʘʣʠ ʚ ʯʘʰʢʠ ʇʝʪʨʠ 

ʩ ʘʛʘʨʠʟʦʚʘʥʥʦʡ ʧʦʣʥʦʮʝʥʥʦʡ ʩʨʝʜʦʡ LB, ʠʥʦʢʫʣʠʨʦʚʘʥʥʦʡ ʙʘʢʪʝʨʠʘʣʴʥʦʡ 

ʢʫʣʴʪʫʨʦʡ, ʥʘ ʨʘʩʩʪʦʷʥʠʠ 15ï20 ʤʤ ʜʨʫʛ ʦʪ ʜʨʫʛʘ. ʀʥʦʢʫʣʷʪ ʛʦʪʦʚʠʣʠ 

ʚ ʢʦʥʮʝʥʪʨʘʮʠʠ 1.5 x 108 ʂʆɽ/ʤʣ, ʢʫʣʴʪʫʨʫ ʙʨʘʣʠ ʚ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʡ ʬʘʟʝ 

ʨʦʩʪʘ, ʠ ʧʦ 100 ʤʢʣ ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʷʣʠ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ʩʨʝʜʳ ʚ ʯʘʰʢʝ 
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ʇʝʪʨʠ. ʀʥʢʫʙʘʮʠʶ ʦʩʫʱʝʩʪʚʣʷʣʠ ʚ ʪʝʯʝʥʠʝ 24ï48 ʯʘʩʦʚ ʧʨʠ 28Áʉ. ʋʯʝʪ 

ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʦʚʦʜʠʣʠ ʚ ʦʪʨʘʞʝʥʥʦʤ ʩʚʝʪʝ. ɼʠʘʤʝʪʨ ʟʦʥʳ ʟʘʜʝʨʞʢʠ 

ʙʘʢʪʝʨʠʘʣʴʥʦʛʦ ʨʦʩʪʘ ʠʟʤʝʨʷʣʠ ʩ ʪʦʯʥʦʩʪʴʶ ʜʦ 1 ʤʤ. 

ʊʦʢʩʠʯʥʦʩʪʴ ʰʪʘʤʤʦʚ Microbacterium sp. B51 ʠ R. ruber P25 ʜʣʷ 

ʞʠʚʦʪʥʳʭ ʠ ʯʝʣʦʚʝʢʘ ʦʧʨʝʜʝʣʷʣʠ ʥʘ ʢʣʠʥʠʯʝʩʢʠ ʟʜʦʨʦʚʳʭ ʙʝʩʧʦʨʦʜʥʳʭ 

ʙʝʣʳʭ ʤʳʰʘʭ ʤʘʩʩʦʡ 17ï20 ʛ. ɹʘʢʪʝʨʠʘʣʴʥʫʶ ʩʫʩʧʝʥʟʠʶ ʛʦʪʦʚʠʣʠ ʥʘ ʦʩʥʦʚʝ 

ʫʙʠʪʳʭ ʧʨʦʛʨʝʚʘʥʠʝʤ ʢʫʣʴʪʫʨ ʠʩʩʣʝʜʫʝʤʳʭ ʰʪʘʤʤʦʚ ʚ ʜʦʟʝ 1.4 Ĭ 105 ʠ 2.5 Ĭ 

107 ʂʆɽ/ʞʠʚʦʪʥʦʝ (ʜʦʟʘ, ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʘʷ ʜʣʷ ʚʚʝʜʝʥʠʷ) ʠ ʚʚʦʜʠʣʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʞʠʚʦʪʥʳʤ ʚʥʫʪʨʠʞʝʣʫʜʦʯʥʦ ʧʦ 0.5 ʤʣ. ʂʦʥʪʨʦʣʴʥʳʤ 

ʞʠʚʦʪʥʳʤ ʚʚʦʜʠʣʠ 0.5 ʤʣ ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʩʪʚʦʨʘ (0.9% NaCl). ʂʘʞʜʘʷ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʠ ʢʦʥʪʨʦʣʴʥʘʷ ʛʨʫʧʧʳ ʚʢʣʶʯʘʣʠ ʚ ʩʝʙʷ ʧʦ ʰʝʩʪʴ ʤʳʰʝʡ. 

ʅʘʙʣʶʜʝʥʠʝ ʚʝʣʠ ʝʞʝʜʥʝʚʥʦ ʚ ʪʝʯʝʥʠʝ ʪʨʝʭ ʩʫʪʦʢ, ʪʦʢʩʠʯʝʩʢʠʡ ʵʬʬʝʢʪ 

ʦʮʝʥʠʚʘʣʠ ʧʦ ʧʨʦʷʚʣʝʥʠʶ ʭʘʨʘʢʪʝʨʥʦʛʦ ʩʠʤʧʪʦʤʦʢʦʤʧʣʝʢʩʘ ʠ ʧʦ ʢʦʣʠʯʝʩʪʚʫ 

ʣʝʪʘʣʴʥʳʭ ʩʣʫʯʘʝʚ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʛʨʫʧʧʘʭ (ʏʘʩʪʥʘʷ..., 2005).  

 

2.14. ʉʪʘʪʠʩʪʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʜʘʥʥʳʭ. 

ɺʩʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʨʦʚʦʜʠʣʠ ʚ ʪʨʝʭʢʨʘʪʥʦʡ ʧʦʚʪʦʨʥʦʩʪʠ. ɸʥʘʣʠʟ 

ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʧʨʦʚʦʜʠʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʘʢʝʪʦʚ ʧʨʦʛʨʘʤʤ 

MS Office Excel, STATISTICA 6.0 (http://statsoft.ru) and CAKE 

(https://www.tessella.com/showcase/computer-assisted-kinetic-evaluation). ɼʣʷ 

ʦʧʠʩʘʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʠʤʝʥʷʣʠ ʩʪʘʥʜʘʨʪʥʳʝ ʤʝʪʦʜʳ 

ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʩʪʘʪʠʩʪʠʢʠ: ʨʘʩʩʯʠʪʳʚʘʣʠ ʩʨʝʜʥʝʝ ʘʨʠʬʤʝʪʠʯʝʩʢʦʝ (M), 

ʩʪʘʥʜʘʨʪʥʦʝ ʦʪʢʣʦʥʝʥʠʝ (SD). ʉʨʘʚʥʝʥʠʝ ʜʚʫʭ ʛʨʫʧʧ ʧʨʦʚʦʜʠʣʠ ʧʨʠ ʧʦʤʦʱʠ 

ʜʚʫʩʪʦʨʦʥʥʝʛʦ ʢʨʠʪʝʨʠʷ ʉʪʴʶʜʝʥʪʘ. ʂʨʠʪʠʯʝʩʢʠʡ ʫʨʦʚʝʥʴ ʟʥʘʯʠʤʦʩʪʠ 

ʧʨʠʥʠʤʘʣʩʷ ʚ ʜʘʥʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ 0.05. ʂʦʨʨʝʣʷʮʠʦʥʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ 

ʇʠʨʩʦʥʘ (r) ʚʳʯʠʩʣʷʣʠ, ʠʩʧʦʣʴʟʫʷ MS Office Excel, ʦʮʝʥʢʫ ʧʨʦʚʦʜʠʣʠ 

ʩʦʛʣʘʩʥʦ ʰʢʘʣʝ ʏʝʜʜʦʢʘ.    

http://statsoft.ru/
https://mail.rambler.ru/m/redirect?url=https%3A//www.tessella.com/showcase/computer-assisted-kinetic-evaluation&hash=62abe0546fa61a985ce0224ac066e7d5
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ɻʃɸɺɸ 3. ʌʀʃʆɻɽʅɽʊʀʏɽʉʂʆɽ ʈɸɿʅʆʆɹʈɸɿʀɽ ʀ 

ʄɽʊɸɹʆʃʀʏɽʉʂʀʁ ʇʆʊɽʅʎʀɸʃ ɸʕʈʆɹʅʓʍ ɹɸʂʊɽʈʀʁ-

ɼɽʉʊʈʋʂʊʆʈʆɺ ɹʀʌɽʅʀʃɸ/ʇʍɹ 

 

3.1. ʈʘʟʥʦʦʙʨʘʟʠʝ ʘʵʨʦʙʥʳʭ ʙʘʢʪʝʨʠʡ, ʦʩʫʱʝʩʪʚʣʷʶʱʠʭ ʜʝʩʪʨʫʢʮʠʶ 

(ʭʣʦʨ)ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ 

ɸʥʘʣʠʟ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ ʧʦʢʘʟʘʣ, ʯʪʦ ʘʵʨʦʙʥʳʝ ʰʪʘʤʤʳ-

ʜʝʩʪʨʫʢʪʦʨʳ ʙʠʬʝʥʠʣʘ/ʇʍɹ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʚ ʨʘʟʣʠʯʥʳʭ ʧʦʯʚʘʭ, 

ʧʦʜʚʝʨʛʥʫʪʳʭ ʭʠʤʠʯʝʩʢʦʤʫ ʟʘʛʨʷʟʥʝʥʠʶ (Bedard et al., 1987, Field, Sierra-

Alvarez, 2008; Ang et al., 2009; Hong et al., 2009; Gioia et al., 2014; Vilo et al., 

2014; Chang et al., 2015; Hirose et al., 2015; Suenaga et al., 2015). ɺ ʥʘʩʪʦʷʱʝʤ 

ʠʩʩʣʝʜʦʚʘʥʠʠ ʦʩʫʱʝʩʪʚʣʝʥ ʩʢʨʠʥʠʥʛ ʧʦʯʚ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭʩʷ ʨʘʟʣʠʯʥʳʤ 

ʫʨʦʚʥʝʤ ʭʠʤʠʯʝʩʢʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ, ʥʘ ʧʨʠʩʫʪʩʪʚʠʝ ʚ ʥʠʭ ʙʘʢʪʝʨʠʡ-

ʜʝʩʪʨʫʢʪʦʨʦʚ ʙʠʬʝʥʠʣʘ/ʇʍɹ ʠ ʚʦʟʤʦʞʥʳʭ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 

ʨʘʟʣʦʞʝʥʠʷ ʇʍɹ - ʭʣʦʨʙʝʥʟʦʡʥʳʭ ʢʠʩʣʦʪ (ʨʠʩʫʥʦʢ 22). 

ɺ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʥʳ ʦʙʨʘʟʮʳ ʧʦʯʚ ʜʝʚʷʪʠ ʪʝʨʨʠʪʦʨʠʡ (ʈʌ, 

ʋʢʨʘʠʥʘ), ʦʪʣʠʯʘʶʱʠʭʩʷ ʵʢʦʣʦʛʠʯʝʩʢʠʤʠ ʫʩʣʦʚʠʷʤʠ, ʢʦʣʠʯʝʩʪʚʦʤ ʠ 

ʢʘʯʝʩʪʚʦʤ ʟʘʛʨʷʟʥʠʪʝʣʝʡ (ʩʤ. ʨʘʟʜʝʣ 2.1, ʇʨʠʣʦʞʝʥʠʝ 2). ʀʩʧʦʣʴʟʫʷ ʤʝʪʦʜ 

ʥʘʢʦʧʠʪʝʣʴʥʦʛʦ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ, ʛʜʝ ʚ ʢʘʯʝʩʪʚʝ ʩʝʣʝʢʪʠʚʥʦʛʦ ʬʘʢʪʦʨʘ 

ʧʨʠʤʝʥʷʣʠ ʙʠʬʝʥʠʣ, ʇʍɹ, ʙʝʥʟʦʡʥʫʶ ʢʠʩʣʦʪʫ, ʍɹʂ, ʚʳʜʝʣʝʥʦ ʠ ʦʧʠʩʘʥʦ 

313 ʰʪʘʤʤʦʚ, ʦʙʣʘʜʘʶʱʠʭ ʘʢʪʠʚʥʦʩʪʴʶ ʢ (ʭʣʦʨ)ʘʨʦʤʘʪʠʯʝʩʢʠʤ ʩʦʝʜʠʥʝʥʠʷʤ 

(ʨʠʩʫʥʦʢ 22, ʇʨʠʣʦʞʝʥʠʝ 3). 

ʀʜʝʥʪʠʬʠʢʘʮʠʷ ʠʟʦʣʠʨʦʚʘʥʥʳʭ ʰʪʘʤʤʦʚ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʢʦʤʧʣʝʢʩʘ 

ʤʝʪʦʜʦʚ ʧʦʢʘʟʘʣʘ, ʯʪʦ ʥʘʠʙʦʣʴʰʝʝ ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʩʨʝʜʠ ʰʪʘʤʤʦʚ-ʜʝʩʪʨʫʢʪʦʨʦʚ, ʚʳʜʝʣʝʥʥʳʭ ʠʟ ʧʦʯʚ ʩ 

ʪʝʨʨʠʪʦʨʠʠ ʛ. ʇʝʨʤʠ (125 ʰʪʘʤʤʦʚ, 15 ʨʦʜʦʚ), ʘ ʥʘʠʤʝʥʴʰʝʝ ï ʩʨʝʜʠ 

ʰʪʘʤʤʦʚ, ʚʳʜʝʣʝʥʥʳʭ ʠʟ ʧʦʯʚ ʛ. ʉʝʨʧʫʭʦʚ (9 ʰʪʘʤʤʦʚ, 1 ʨʦʜ). ʉʣʝʜʫʝʪ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʝʦʙʣʘʜʘʶʱʠʤʠ ʧʦʣʣʶʪʘʥʪʘʤʠ ʚ ʧʦʯʚʘʭ ʛ. ʉʝʨʧʫʭʦʚ 

ʷʚʣʷʶʪʩʷ ʇʍɹ, ʪʦʛʜʘ ʢʘʢ ʚ ʧʦʯʚʘʭ ʛ. ʇʝʨʤʠ ʧʨʝʜʩʪʘʚʣʝʥ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ  
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ʈʠʩʫʥʦʢ 22 ï ʆʙʱʘʷ ʩʭʝʤʘ ʨʝʟʫʣʴʪʘʪʦʚ ʚʳʜʝʣʝʥʠʷ ʰʪʘʤʤʦʚ-ʜʝʩʪʨʫʢʪʦʨʦʚ (ʛʘʣʦʛʝʥ)ʘʨʦʤʘʪʠʯʝʩʢʠʭ 

ʩʦʝʜʠʥʝʥʠʡ ʠʟ ʧʦʯʚ, ʦʪʣʠʯʘʶʱʠʭʩʷ ʵʢʦʣʦʛʠʯʝʩʢʠʤʠ ʫʩʣʦʚʠʷʤʠ ʠ ʩʧʝʢʪʨʦʤ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ 
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(ʛʘʣʦʛʝʥ)ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ (ʈʳʙʢʠʥʘ ʠ ʜʨ., 2005; 

ʈʳʙʢʠʥ, ʈʳʙʢʠʥʘ, 2006; ʃʘʧʫʰʢʠʥ ʠ ʜʨ., 2020; Egorova, Buzmakov, 2020). 

ʉʪʘʪʠʩʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ ʩʫʱʝʩʪʚʫʝʪ ʩʠʣʴʥʘʷ ʧʨʷʤʘʷ 

ʢʦʨʨʝʣʷʮʠʦʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʤʝʞʜʫ ʨʘʟʥʦʦʙʨʘʟʠʝʤ ʭʠʤʠʯʝʩʢʠʭ 

ʟʘʛʨʷʟʥʠʪʝʣʝʡ ʚ ʧʦʯʚʝ ʠ ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʠʤ ʨʘʟʥʦʦʙʨʘʟʠʝʤ ʠʟʦʣʠʨʦʚʘʥʥʳʭ 

ʰʪʘʤʤʦʚ-ʜʝʩʪʨʫʢʪʦʨʦʚ ʙʠʬʝʥʠʣʘ (ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʮʠʠ ʇʠʨʩʦʥʘ 

ʩʦʩʪʘʚʣʷʝʪ 0.924). ɺʟʘʠʤʦʩʚʷʟʴ ʤʝʞʜʫ ʧʨʝʦʙʣʘʜʘʶʱʠʤ ʪʠʧʦʤ ʟʘʛʨʷʟʥʝʥʠʷ 

ʚ ʧʦʯʚʝ ʠ ʜʦʤʠʥʠʨʫʶʱʠʤ ʬʠʣʫʤʦʤ ʰʪʘʤʤʦʚ-ʜʝʩʪʨʫʢʪʦʨʦʚ ʥʝ ʫʩʪʘʥʦʚʣʝʥʘ. 

ɺ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʧʦ ʙʠʦʨʝʤʝʜʠʘʮʠʠ ʇʍɹ-ʟʘʛʨʷʟʥʝʥʥʳʭ ʧʦʯʚ ʦʧʠʩʘʥʦ, 

ʯʪʦ ʩʥʠʞʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʙʠʬʝʥʠʣʘ/ʇʍɹ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ 

ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ ʙʘʢʪʝʨʠʡ ʠ ʩʤʝʥʝ ʜʦʤʠʥʠʨʫʶʱʠʭ ʚʠʜʦʚ. 

ʊʘʢ, ʠʥʜʝʢʩ ʐʝʥʥʦʥʘ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡ ʨʘʟʥʦʦʙʨʘʟʠʝ ʤʠʢʨʦʬʣʦʨʳ 

ʚ ʨʠʟʦʩʬʝʨʝ, ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʧʦ ʦʯʠʩʪʢʝ ʧʦʯʚ ʦʪ ʇʍɹ 77 ʟʘ 105 ʜʥʝʡ 

ʫʚʝʣʠʯʠʚʘʣʩʷ ʚ 1.05 ï 1.18 ʨʘʟʘ (Tu et al., 2017). ɺ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʩ ʤʝʯʝʥʳʤ 

ʫʛʣʝʨʦʜʦʤ ʚ ʩʦʩʪʘʚʝ ʙʠʬʝʥʠʣʘ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʯʝʨʝʟ 2 ʩʫʪ ʨʝʤʝʜʠʘʮʠʠ 

ʚ ʩʦʦʙʱʝʩʪʚʘʭ ʧʨʝʦʙʣʘʜʘʣʠ ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʩʝʤʝʡʩʪʚʘ Sphingomonadaceae 

(ʨʦʜ Kaistobacter), ʥʘ 4 ʩʫʪʢʠ ʜʦʤʠʥʘʥʪʥʫʶ ʧʦʟʠʮʠʶ ʟʘʥʠʤʘʣʠ 

ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʩʝʤʝʡʩʪʚ Xanthomonadaceae ʠ Isospheraceae, ʘ ʯʝʨʝʟ 6 ʩʫʪʦʢ 

ʥʘʠʙʦʣʝʝ ʤʥʦʛʦʯʠʩʣʝʥʥʳʤʠ ʛʨʫʧʧʘʤʠ ʩʪʘʥʦʚʷʪʩʷ ʙʘʢʪʝʨʠʠ ʩʝʤʝʡʩʪʚ 

Isospheraceae, Flavobacterium, Pedobacter, Enterobacteriaceae (Song et al., 

2018). ʇʦʣʫʯʝʥʥʳʝ ʚ ʥʘʩʪʦʷʱʝʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʜʘʥʥʳʝ ʧʦʟʚʦʣʷʶʪ 

ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʜʘʥʥʘʷ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ ʧʨʦʷʚʣʷʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʚ ʫʩʣʦʚʠʷʭ 

ʵʢʩʧʝʨʠʤʝʥʪʘ, ʥʦ ʠ ʚ ʧʨʠʨʦʜʥʳʭ ʫʩʣʦʚʠʷʭ.  

ɺ ʨʷʜʝ ʨʘʙʦʪ ʫʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʦʜʥʦʪʠʧʥʦʤ ʟʘʛʨʷʟʥʝʥʠʠ ʧʨʠʨʦʜʥʳʭ 

ʩʫʙʩʪʨʘʪʦʚ (ʧʦʯʚ, ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ), ʢʦʛʜʘ ʧʨʝʦʙʣʘʜʘʶʪ ʧʦʣʣʶʪʘʥʪʳ 

ʩʭʦʞʝʛʦ ʭʠʤʠʯʝʩʢʦʛʦ ʩʪʨʦʝʥʠʷ, ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʰʪʘʤʤʦʚ-

ʜʝʩʪʨʫʢʪʦʨʦʚ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʥʝʩʢʦʣʴʢʠʤʠ ʨʦʜʘʤʠ. ʀʟ ʦʙʨʘʟʮʦʚ ʜʦʥʥʳʭ 

ʦʪʣʦʞʝʥʠʡ, ʟʘʛʨʷʟʥʝʥʥʳʭ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʇʍɹ (0.2ï1.66 ʤʛ/ʢʛ), ʚʳʜʝʣʝʥʦ 

ʰʝʩʪʴ ʰʪʘʤʤʦʚ-ʜʝʩʪʨʫʢʪʦʨʦʚ ʨʦʜʘ Rhodococcus ʠ ʦʜʠʥ ʰʪʘʤʤ ʨʦʜʘ 

Sphingomonas (Kolar et al., 2007). ʀʟ ʧʦʯʚ, ʦʪʦʙʨʘʥʥʳʭ ʚ ʄʝʢʩʠʢʝ ʠ 
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ʟʘʛʨʷʟʥʝʥʥʳʭ ʪʨʘʥʩʬʦʨʤʘʪʦʨʥʳʤ ʤʘʩʣʦʤ (ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʇʍɹ), 

ʠʟʦʣʠʨʦʚʘʥʳ ʪʨʠ ʰʪʘʤʤʘ ʨʦʜʘ Ochrobactrum, ʠ ʧʦ ʦʜʥʦʤʫ ʰʪʘʤʤʫ ʨʦʜʦʚ 

Pandoraea ʠ Brevibacterium (Liz et al., 2009). ʐʪʘʤʤ-ʜʝʩʪʨʫʢʪʦʨ 

Achromobacter xylosoxidans IR08 ʚʳʜʝʣʝʥ ʠʟ ʇʍɹ-ʟʘʛʨʷʟʥʸʥʥʳʭ ʧʦʯʚ 

ʅʠʛʝʨʠʠ (Ilori  et al., 2008). ɺ ʥʘʩʪʦʷʱʝʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʠʟ ʧʦʯʚ, 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʟʘʛʨʷʟʥʝʥʥʳʭ ʇʍɹ (ʦʙʨʘʟʮʳ ʠʟ ʛ. ʂʘʣʫʰ) ʫʜʘʣʦʩʴ 

ʠʟʦʣʠʨʦʚʘʪʴ ʰʪʘʤʤʳ-ʜʝʩʪʨʫʢʪʦʨʳ ʙʠʬʝʥʠʣʘ ʨʦʜʦʚ Rhodococcus, 

Pseudomonas ʠ Bacillus. ʅʘʧʨʦʪʠʚ, ʰʪʘʤʤʳ-ʜʝʩʪʨʫʢʪʦʨʳ, ʚʳʜʝʣʝʥʥʳʝ ʠʟ 

ʧʦʯʚ ʩ ʰʠʨʦʢʠʤ ʩʧʝʢʪʨʦʤ ʟʘʛʨʷʟʥʝʥʠʡ (ʦʙʨʘʟʮʳ ʧʦʯʚ ʩ ʪʝʨʨʠʪʦʨʠʠ ʆɸʆ 

çɻʘʣʦʛʝʥè, ʛ. ʇʝʨʤʴ ʠ ʇɸʆ çʋʨʘʣʢʘʣʠʡè, ʛ. ɹʝʨʝʟʥʠʢʠ) ʧʨʠʥʘʜʣʝʞʘʣʠ ʜʝʩʷʪʠ 

ʠ ʚʦʩʴʤʠ ʨʘʟʣʠʯʥʳʤ ʨʦʜʘʤ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʦʜʦʙʥʳʤ ʨʘʟʥʦʦʙʨʘʟʠʝʤ 

ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʠʩʴ ʰʪʘʤʤʳ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ, ʟʘʛʨʷʟʥʝʥʥʳʭ ʦʪʭʦʜʘʤʠ 

ʤʫʩʦʨʦʧʝʨʝʨʘʙʘʪʳʚʘʶʱʝʛʦ ʟʘʚʦʜʘ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʂʠʪʘʷ (Su et al., 2015). 

ɼʦʤʠʥʠʨʫʶʱʘʷ ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʘʷ ʛʨʫʧʧʘ ʩʨʝʜʠ ʙʘʢʪʝʨʠʡ, 

ʦʩʫʱʝʩʪʚʣʷʶʱʠʭ ʪʨʘʥʩʬʦʨʤʘʮʠʶ ʙʠʬʝʥʠʣʘ/ʇʍɹ, ʧʦ ʚʩʝʡ ʚʠʜʠʤʦʩʪʠ, 

ʦʧʨʝʜʝʣʷʣʘʩʴ ʥʝ ʪʦʣʴʢʦ ʩʦʩʪʘʚʦʤ ʧʦʣʣʶʪʘʥʪʦʚ, ʧʨʠʩʫʪʩʪʚʫʶʱʠʭ 

ʚ ʧʦʯʚʝ/ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʷʭ, ʥʦ ʠ ʜʨʫʛʠʤʠ ʬʘʢʪʦʨʘʤʠ. ɺ ʦʙʨʘʟʮʘʭ ʧʦʯʚ MZ1 

ʠ MZ2, ʦʪʦʙʨʘʥʥʳʭ ʚ ʄʝʢʩʠʢʝ ʠ ʟʘʛʨʷʟʥʝʥʥʳʭ ʇʍɹ, ʜʦʤʠʥʠʨʫʶʱʠʤʠ 

ʷʚʣʷʣʠʩʴ ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʬʠʣʫʤʦʚ Actinobacteria (42.79%) ʠ Firmicutes 

(42.32%), ʘ ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʬʠʣʫʤʦʚ Proteobacteria, Bacteroidetes, Chloroflexis 

ʠ Gemmatimonadetes ʟʘʥʠʤʘʣʠ ʤʠʥʦʨʥʦʝ ʧʦʣʦʞʝʥʠʝ (Cervantes-Gonzalez et 

al., 2019). ɺ ʨʘʙʦʪʝ (Matturo et al., 2015) ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʇʍɹ-ʟʘʛʨʷʟʥʝʥʥʳʭ 

ʦʩʘʜʢʘʭ ʜʦʤʠʥʠʨʫʶʪ Proteobacteria (58.4%). ʊʘʢʞʝ Proteobacteria (44ï48%) 

ʧʨʝʦʙʣʘʜʘʣʠ ʚ ʧʦʯʚʘʭ, ʟʘʛʨʷʟʥʝʥʥʳʭ ʢʦʤʤʝʨʯʝʩʢʦʡ ʩʤʝʩʴʶ ʇʍɹ Delor 103 

(Stella et al., 2015). ɺ ʨʷʜʝ ʨʘʙʦʪ ʦʪʤʝʯʝʥʦ, ʯʪʦ ʚ ʧʦʯʚʘʭ, ʟʘʛʨʷʟʥʸʥʥʳʭ 

ʦʪʜʝʣʴʥʳʤʠ ʢʦʥʛʝʥʝʨʘʤʠ ʇʍɹ ʠʣʠ ʢʦʤʤʝʨʯʝʩʢʦʡ ʩʤʝʩʴʶ Aroclor 1224, 

ʜʦʤʠʥʘʥʪʘʤʠ ʷʚʣʷʣʠʩʴ ʢʘʢ ʧʨʝʜʩʪʘʚʠʪʝʣʠ Proteobacteria, ʪʘʢ ʠ Actinobacteria 

(Macedo et al., 2007; Correa et al., 2010). ɺ ʥʘʩʪʦʷʱʝʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʧʦʢʘʟʘʥʦ, 

ʯʪʦ ʚ ʧʦʯʚʘʭ, ʦʪʦʙʨʘʥʥʳʭ ʥʘ ʪʝʨʨʠʪʦʨʠʷʭ ʛ. ʂʘʣʫʰ, ʩʦʜʝʨʞʘʱʠʭ ʇʍɹ 

ʢʦʤʤʝʨʯʝʩʢʠʭ ʩʤʝʩʝʡ Delor 103/ʊʍɹ ʠ ʉʦʚʦʣ, ʜʦʤʠʥʠʨʫʶʱʝʝ ʧʦʣʦʞʝʥʠʝ 
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ʟʘʥʠʤʘʣʠ ʰʪʘʤʤʳ-ʜʝʩʪʨʫʢʪʦʨʳ ʙʠʬʝʥʠʣʘ ʬʠʣʫʤʘ Actinobacteria (62%), ʪʦʛʜʘ 

ʢʘʢ ʚ ʧʦʯʚʘʭ ʛ. ʉʝʨʧʫʭʦʚ, ʪʘʢʞʝ ʟʘʛʨʷʟʥʸʥʥʳʭ ʇʍɹ, ʜʦʤʠʥʘʥʪʘʤʠ, ʩʨʝʜʠ 

ʰʪʘʤʤʦʚ-ʜʝʩʪʨʫʢʪʦʨʦʚ ʙʠʬʝʥʠʣʘ, ʷʚʣʷʣʠʩʴ ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʬʠʣʫʤʘ 

Proteobacteria (100%). ʀʥʪʝʨʝʩʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʧʦʯʚʘʭ ʆʆʇʊ çʆʩʠʥʩʢʘʷ 

ʣʝʩʥʘʷ ʜʘʯʘè ʠ ʛ. ʏʘʧʘʝʚʩʢʘ, ʯʘʩʪʴ ʩʧʝʢʪʨʘ ʧʦʣʣʶʪʘʥʪʦʚ ʢʦʪʦʨʳʭ ʢʘʯʝʩʪʚʝʥʥʦ 

ʩʦʚʧʘʜʘʝʪ, ʪʘʢʞʝ ʧʨʝʦʙʣʘʜʘʶʪ ʰʪʘʤʤʳ-ʜʝʩʪʨʫʢʪʦʨʳ ʬʠʣʫʤʘ Proteobacteria 

(65% ʠ 75%, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). ʇʨʠ ʵʪʦʤ ʚ ʧʦʯʚʘʭ, ʟʘʛʨʷʟʥʝʥʥʳʭ ʰʠʨʦʢʠʤ 

ʩʧʝʢʪʨʦʤ ʛʘʣʦʛʝʥʘʨʦʤʘʪʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʦʪʦʙʨʘʥʥʳʭ ʩ ʪʝʨʨʠʪʦʨʠʡ ʆɸʆ 

çɻʘʣʦʛʝʥè, ʆɸʆ çʋʨʘʣʢʘʣʠʡè ʠ ʆɸʆ çʇʝʨʤʩʢʠʡ ʟʘʚʦʜ ʩʤʘʟʦʢ ʠ ʉʆɾè, 

ʜʦʤʠʥʘʥʪʥʳʤʠ ʛʨʫʧʧʘʤʠ ʷʚʣʷʣʠʩʴ Proteobacteria (47%), Actinobacteria (53%) 

ʠ Firmicutes (50%), ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʆʪʩʫʪʩʪʚʠʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʭ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʠ ʘʥʘʣʠʟ ʦʧʫʙʣʠʢʦʚʘʥʥʳʭ ʜʘʥʥʳʭ ʧʦʜʪʚʝʨʞʜʘʝʪ ʥʘʰʝ 

ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ ʜʦʤʠʥʠʨʦʚʘʥʠʝ ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʦʡ ʛʨʫʧʧʳ ʰʪʘʤʤʦʚ-

ʜʝʩʪʨʫʢʪʦʨʦʚ ʠʤʝʝʪ ʩʣʦʞʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʮʝʣʦʛʦ ʨʷʜʘ ʬʘʢʪʦʨʦʚ. 

 

3.2. ɹʘʢʪʝʨʠʘʣʴʥʦʝ ʨʘʟʣʦʞʝʥʠʝ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʢʦʥʛʝʥʝʨʦʚ 

ʭʣʦʨʠʨʦʚʘʥʥʳʭ ʙʠʬʝʥʠʣʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʟʘʤʝʩʪʠʪʝʣʠ ʚ ʦʜʥʦʤ ʠʟ ʢʦʣʝʮ 

ʤʦʣʝʢʫʣʳ 

ʆʩʦʙʝʥʥʦʩʪʠ ʙʘʢʪʝʨʠʘʣʴʥʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʢʦʥʛʝʥʝʨʦʚ ʇʍɹ, 

ʩʦʜʝʨʞʘʱʠʭ ʟʘʤʝʩʪʠʪʝʣʠ ʚ ʦʜʥʦʤ ʢʦʣʴʮʝ ʤʦʣʝʢʫʣʳ ʙʳʣʠ ʠʟʫʯʝʥʳ ʫ ʙʘʢʪʝʨʠʡ 

ʨʦʜʦʚ Bacillus (11 ʰʪʘʤʤʦʚ), Microbacterium (7 ʰʪʘʤʤʦʚ), Rhodococcus 

(42 ʰʪʘʤʤʘ), Pseudomonas (53 ʰʪʘʤʤʘ). ɺ ʢʘʯʝʩʪʚʝ ʩʫʙʩʪʨʘʪʘ ʜʝʩʪʨʫʢʮʠʠ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʇʍɹ 1 ï 2-ʭʣʦʨʙʠʬʝʥʠʣ, ʇʍɹ 2 ï 3-ʭʣʦʨʙʠʬʝʥʠʣ,                    

ʇʍɹ 3 ï 4-ʭʣʦʨʙʠʬʝʥʠʣ, ʇʍɹ 12 ï 3,4-ʜʠʭʣʦʨʙʠʬʝʥʠʣ, ʇʍɹ 29 ï 

2,4,5-ʪʨʠʭʣʦʨʙʠʬʝʥʠʣ ʠ ʇʍɹ 30 ï 2,4,6-ʪʨʠʭʣʦʨʙʠʬʝʥʠʣ (ʪʘʙʣʠʮʘ 4). 

ʋʚʝʣʠʯʝʥʠʝ ʯʠʩʣʘ ʟʘʤʝʩʪʠʪʝʣʝʡ ʚ ʤʦʣʝʢʫʣʝ ʭʣʦʨʙʠʬʝʥʠʣʘ ʦʢʘʟʳʚʘʣʦ 

ʚʣʠʷʥʠʝ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʟʣʦʞʝʥʠʷ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʫ ʰʪʘʤʤʦʚ Bacillus 

sp. BD, BP9ST, Ch5-7, DI, EK1, EK2, EK4, EK6, K25, K53, MD7, 

Microbacterium oxydans B51, Ch2-8, M. foliorum BN2, Microbacterium sp. 

EK24,  EK26,  EK29,  EK28,  Rhodococcus ruber P25,  S9a,  R. erythropolis  B7b,  
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ʊʘʙʣʠʮʘ 4 ï ʈʘʟʣʦʞʝʥʠʝ ʘʵʨʦʙʥʳʤʠ ʙʘʢʪʝʨʠʘʣʴʥʳʤʠ ʰʪʘʤʤʘʤʠ 

ʭʣʦʨʠʨʦʚʘʥʥʳʭ ʙʠʬʝʥʠʣʦʚ* ʩ ʟʘʤʝʩʪʠʪʝʣʷʤʠ ʚ ʦʜʥʦʤ ʢʦʣʴʮʝ  

ʇʍɹ ʕʬʬʝʢʪʠʚʥʦʩʪʴ 

ʜʝʩʪʨʫʢʮʠʠ, % 

ʋʜʝʣʴʥʘʷ ʩʢʦʨʦʩʪʴ 

ʜʝʩʪʨʫʢʮʠʠ, ʯ-1 

ɻʆʌɼʂ: ɚʤʘʢʩ / ʆʇ (ʦ.ʝ.) ʍɹʂ 

ʐʪʘʤʤʳ ʨʦʜʘ Bacillus  

ʇʍɹ 1 100 0.048ï0.051 ʥ.ʜ. 2-ʍɹʂ 

ʇʍɹ 2 100 0.048ï0.049 ʥ.ʜ. 3-ʍɹʂ 

ʇʍɹ 3 100 0.053ï0.055 ʥ.ʜ. 4-ʍɹʂ 

ʇʍɹ 12 100 0.041ï0.048 ɚʤʘʢʩ=390 / <0.098 3,4-ʍɹʂ 

ʇʍɹ 29 98ï99 0.027ï0.032 ɚʤʘʢʩ=394 / <0.351 2,4,5-ʍɹʂ 

ʇʍɹ 30 98ï99 0.029ï0.034 ɚʤʘʢʩ=449 / <0.254 2,4,6-ʍɹʂ 

ʐʪʘʤʤʳ ʨʦʜʘ Microbacterium 

ʇʍɹ 1 100 0.051ï0.052 ɚʤʘʢʩ=395 / <0.068 2-ʍɹʂ 

ʇʍɹ 2 100 0.050ï0.051 ɚʤʘʢʩ=392 / <0.051 3-ʍɹʂ 

ʇʍɹ 3 100 0.051ï0.053 ɚʤʘʢʩ=434 / <0.012 4-ʍɹʂ 

ʇʍɹ 12 100 0.045ï0.047 ɚʤʘʢʩ=390 / <0.157 3,4-ʍɹʂ 

ʇʍɹ 29 96ï97 0.021ï0.025 ɚʤʘʢʩ=394 / <0.134 2,4,5-ʍɹʂ 

ʇʍɹ 30 95ï97 0.021ï0.023 ɚʤʘʢʩ=449 / <0.275 2,4,6-ʍɹʂ 

ʐʪʘʤʤʳ ʨʦʜʘ Rhodococcus 

ʇʍɹ 1 96ï100 0.148ï0.149 ɚʤʘʢʩ=390 / <0.268 2-ʍɹʂ 

ʇʍɹ 2 96ï100 0.143ï0.145 ɚʤʘʢʩ=392 / <0.401 3-ʍɹʂ 

ʇʍɹ 3 96ï100 0.142ï0.144 ɚʤʘʢʩ=416 / <0.538 4-ʍɹʂ 

ʇʍɹ 12 75ï98 0.091ï0.097 ɚʤʘʢʩ=390 / <0.372 3,4-ʍɹʂ 

ʇʍɹ 29 69ï89 0.048ï0.057 ɚʤʘʢʩ=394 / <0.652 2,4,5-ʍɹʂ 

ʇʍɹ 30 69ï89 0.049ï0.055 ɚʤʘʢʩ=449 / <0.297 2,4,6-ʍɹʂ 

ʐʪʘʤʤʳ ʨʦʜʘ Pseudomonas 

ʇʍɹ 1 97ï100 0.146ï0.148 ʥ.ʜ. 2-ʍɹʂ 

ʇʍɹ 2 95ï100 0.135ï0.149 ʥ.ʜ. 3-ʍɹʂ 

ʇʍɹ 3 82ï100 0.072ï0.105 ʥ.ʜ. 4-ʍɹʂ 

ʇʍɹ 12 78ï98 0.031ï0.043 ɚʤʘʢʩ=390 / <0.071 3,4-ʍɹʂ 

ʇʍɹ 29 78ï89 0.032ï0.034 ɚʤʘʢʩ=394 / <0.358 2,4,5-ʍɹʂ 

ʇʍɹ 30 79ï91 0.031ï0.033 ɚʤʘʢʩ=449 / <0.397 2,4,6-ʍɹʂ 

*  ʅʘʯʘʣʴʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʭʣʦʨʙʠʬʝʥʠʣʦʚ 94.25 ʤʛ/ʣ 
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B106a, G12a, P2m, P2kr, P2(51), P23a, P1-1, R14-3, R. opacus EK9, EK11, 

R6-511, R. jostii EK8, R. wratislaviensis Ch6-511, CH625, CH628, EK7, EK10, 

G10, KT112-7, MD1, MD2, P1, P12, P13, P20, RO112, Rhodococcus sp. B7a, 

BBL12-2, BP9-1, BP9-2, BP9-4, BP9-7, BP9-8, DB11, EK12, KBB16, MD3, 

MD4, MD5, SN31, Pseudomonas benzenivorans Ch3-2, P. genuculata Ch3-4, 

P. monteilli Ch1-C3, Ch1-C7, Ch2-1, P. plecoglossicida Ch3-9, Ch6-5, Ch6-7, 

Pseudomonas sp. A-134, B2, B7, B8, B106, EK-30, EK34, G1, G11, G12, G13, 

G127, G128, G129, G132, G134, MD8, P8, P8a, P9, P22, P23, P24, R6-411, SIB3, 

SIB6, SIB7, SIB9, SIB10, SKL2, SKL3, S9, S13, S210, S211, S212, S213, S214, 

SBE14a, SKE2, SKE1, SKE11, SKE4, VRP2-2, VRP2-6 ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʜʝʩʪʨʫʢʮʠʠ ʫʙʳʚʘʣʘ ʚ ʨʷʜʫ ʤʦʥʦ-ʟʘʤʝʱʝʥʥʳʡ > ʜʠ-ʟʘʤʝʱʝʥʥʳʡ > ʪʨʠ-

ʟʘʤʝʱʝʥʥʳʡ ʭʣʦʨʙʠʬʝʥʠʣ. ɸʥʘʣʦʛʠʯʥʘʷ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ ʦʧʠʩʘʥʘ ʠ ʜʣʷ 

ʜʨʫʛʠʭ ʙʘʢʪʝʨʠʡ-ʜʝʩʪʨʫʢʪʦʨʦʚ ʇʍɹ, ʚ ʯʘʩʪʥʦʩʪʠ, ʜʣʷ ʰʪʘʤʤʦʚ 

Aquamicrobium sp. SK-2, Bacillus sp. JF8, Enterobacter sp. SA-2, Ralstonia sp. 

SA-4 ʠ SA-5, Pseudomonas sp. SA-6, Rhodococcus sp. SK-1, SK-3 ʠ SK-4 

(Shimura et al., 1999; Chang et al., 2013; Gioia et al., 2014). 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʰʪʘʤʤʳ Bacillus sp. BD, MD7, M. oxydans B51, 

M. foliorum BN2, R. ruber P25, R. erythropolis B7b, B106a,  G12a, P2m, P2kr, 

P2(51), P23a, R. wratislaviensis CH625, CH628, EK7, KT112-7, MD1, MD2, 

Rhodococcus sp. B7a, BBL12-2, BP9-1, BP9-4, BP9-7, BP9-8, DB11, KBB16 

ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦ ʨʘʟʣʘʛʘʣʠ ʤʦʥʦ- ʠ ʜʠ-ʟʘʤʝʱʝʥʥʳʝ ʭʣʦʨʙʠʬʝʥʠʣʳ 

ʩ ʟʘʤʝʩʪʠʪʝʣʷʤʠ ʚ ʦʜʥʦʤ ʢʦʣʴʮʝ, ʯʝʤ ʦʧʠʩʘʥʥʳʝ ʨʘʥʝʝ ʰʪʘʤʤʳ ʨʦʜʦʚ 

Aquamicrobium, Ralstonia, Enterobacter, Rhodococcus, Pseudomonas ʠ 

Burkholderia (Shimura et al., 1999; Chang et al., 2013; Gioia et al., 2014). 

ɸʥʘʣʠʟ ʤʝʪʘʙʦʣʠʯʝʩʢʦʛʦ ʧʨʦʬʠʣʷ ʧʦʢʘʟʘʣ, ʯʪʦ ʙʠʬʝʥʠʣ 2,3-

ʜʠʦʢʩʠʛʝʥʘʟʘ ʠʩʩʣʝʜʫʝʤʳʭ ʰʪʘʤʤʦʚ ʦʩʫʱʝʩʪʚʣʷʝʪ ʦʢʠʩʣʝʥʠʝ ʚʠʮʠʥʘʣʴʥʳʭ 

ʘʪʦʤʦʚ ʫʛʣʝʨʦʜʘ ʚ ʥʝʟʘʤʝʱʝʥʥʦʤ ʘʨʦʤʘʪʠʯʝʩʢʦʤ ʮʠʢʣʝ ʤʦʣʝʢʫʣʳ 

ʭʣʦʨʠʨʦʚʘʥʥʳʭ ʙʠʬʝʥʠʣʦʚ. ʇʨʠ ʵʪʦʤ ʦʩʥʦʚʥʳʤ ʤʝʪʘʙʦʣʠʪʦʤ ʷʚʣʷʝʪʩʷ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʭʣʦʨʙʝʥʟʦʡʥʘʷ ʢʠʩʣʦʪʘ (ʨʠʩʫʥʦʢ 23). 
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ʈʠʩʫʥʦʢ 23 ï ʉʭʝʤʘ çʚʝʨʭʥʝʛʦè ʧʫʪʠ ʨʘʟʣʦʞʝʥʠʷ ʭʣʦʨʙʠʬʝʥʠʣʦʚ ʩ 

ʟʘʤʝʩʪʠʪʝʣʷʤʠ ʚ ʦʜʥʦʤ ʢʦʣʴʮʝ ʤʦʣʝʢʫʣʳ. n ï ʢʦʣʠʯʝʩʪʚʦ ʘʪʦʤʦʚ ʭʣʦʨʘ ʚ 

ʤʦʣʝʢʫʣʝ ʙʠʬʝʥʠʣʘ 

ɸʥʘʣʦʛʠʯʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʦʧʠʩʘʥʘ ʜʣʷ ʙʠʬʝʥʠʣ 2,3-ʜʠʦʢʩʠʛʝʥʘʟʳ 

ʠʟʚʝʩʪʥʳʭ ʰʪʘʤʤʦʚ-ʜʝʩʪʨʫʢʪʦʨʦʚ ʇʍɹ ʨʦʜʦʚ Rhodococcus, Burkholderia ʠ 

Pseudomonas (Pieper, 2005; Furukawa, 2010). ʇʦ-ʚʠʜʠʤʦʤʫ, ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ 

ʦʧʨʝʜʝʣʷʶʱʠʤ ʤʦʤʝʥʪʦʤ ʚ ʬʝʨʤʝʥʪʘʪʠʚʥʦʡ ʘʪʘʢʝ ʭʣʦʨʙʠʬʝʥʠʣʘ ʷʚʣʷʝʪʩʷ ʥʝ 

ʩʪʨʦʝʥʠʝ ʠ ʘʢʪʠʚʥʦʩʪʴ ʩʘʤʦʡ ʙʠʬʝʥʠʣ 2,3-ʜʠʦʢʩʠʛʝʥʘʟʳ, ʘ ʥʘʣʠʯʠʝ 

ʥʝʟʘʤʝʱʝʥʥʦʛʦ ʘʨʦʤʘʪʠʯʝʩʢʦʛʦ ʢʦʣʴʮʘ ʚ ʤʦʣʝʢʫʣʝ ʭʣʦʨʙʠʬʝʥʠʣʘ. 

 

3.3. ʆʩʦʙʝʥʥʦʩʪʠ ʜʝʩʪʨʫʢʮʠʠ ʜʠʭʣʦʨʠʨʦʚʘʥʥʳʭ ʙʠʬʝʥʠʣʦʚ ʩ 

ʟʘʤʝʩʪʠʪʝʣʷʤʠ ʚ ʦʙʦʠʭ ʢʦʣʴʮʘʭ ʤʦʣʝʢʫʣʳ ʘʢʪʠʚʥʳʤʠ ʰʪʘʤʤʘʤʠ-

ʜʝʩʪʨʫʢʪʦʨʘʤʠ 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʦʩʥʦʚʥʳʤʠ ʧʨʦʜʫʢʪʘʤʠ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʛʦ 

ʜʝʛʘʣʦʛʝʥʠʨʦʚʘʥʠʷ ʩʤʝʩʝʡ ʧʦʣʠʭʣʦʨʙʠʬʝʥʠʣʦʚ ʷʚʣʷʶʪʩʷ ʢʦʥʛʝʥʝʨʳ, 

ʩʦʜʝʨʞʘʱʠʝ ʟʘʤʝʩʪʠʪʝʣʠ ʚ ʦʨʪʦ- ʠ ʧʘʨʘ-ʧʦʣʦʞʝʥʠʷʭ (Maltseva et al., 1999). 

ɺ ʢʘʯʝʩʪʚʝ ʤʦʜʝʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʥʘʤʠ ʚʳʙʨʘʥʳ ʜʠʭʣʦʨʠʨʦʚʘʥʥʳʝ 

ʙʠʬʝʥʠʣʳ, ʩ ʟʘʤʝʩʪʠʪʝʣʷʤʠ ʚ ʢʘʞʜʦʤ ʢʦʣʴʮʝ ʤʦʣʝʢʫʣʳ: ʇʍɹ 4 ï 

2,2ô-ʜʠʭʣʦʨʙʠʬʝʥʠʣ, ʇʍɹ 8 ï 2,4ô-ʜʠʭʣʦʨʙʠʬʝʥʠʣ ʠ ʇʍɹ 15 ï 

4,4ô-ʜʠʭʣʦʨʙʠʬʝʥʠʣ. ʀʟʫʯʝʥʘ ʜʝʛʨʘʜʘʪʠʚʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ 

ʨʦʜʦʚ Microbacterium (4 ʰʪʘʤʤʘ), Rhodococcus (28 ʰʪʘʤʤʦʚ) ʠ Pseudomonas 

(15 ʰʪʘʤʤʦʚ) ʢ ʜʘʥʥʳʤ ʢʦʥʛʝʥʝʨʘʤ ʇʍɹ (ʪʘʙʣʠʮʘ 5). 
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ʊʘʙʣʠʮʘ 5 ï ʈʘʟʣʦʞʝʥʠʝ ʘʵʨʦʙʥʳʤʠ ʙʘʢʪʝʨʠʘʣʴʥʳʤʠ ʰʪʘʤʤʘʤʠ 

ʜʠʭʣʦʨʠʨʦʚʘʥʥʳʭ ʙʠʬʝʥʠʣʦʚ*  

ʇʍɹ ʕʬʬʝʢʪʠʚʥʦʩʪʴ 

ʜʝʩʪʨʫʢʮʠʠ, % 

ʋʜʝʣʴʥʘʷ ʩʢʦʨʦʩʪʴ 

ʜʝʩʪʨʫʢʮʠʠ, ʯ-1 

ɻʆʌɼʂ: ɚʤʘʢʩ, 

ʆʇ (ʦ.ʝ.) 

ʍɹʂ 

ʐʪʘʤʤʳ ʨʦʜʘ Microbacterium 

ʇʍɹ 4,  

 

99ï100  0.417ï0.428 ʥ.ʜ. 2-ʍɹʂ 

ʇʍɹ 8 

 

99ï100  0.398ï0.408 ɚʤʘʢʩ=397,  

< 1.911 

4-ʍɹʂ 

ʇʍɹ 15 

 

99ï100  0.405ï0.411 ɚʤʘʢʩ=432,  

ʆʇ <0.952 

4-ʍɹʂ 

ʐʪʘʤʤʳ ʨʦʜʘ Rhodococcus  

ʇʍɹ 4 

 

99ï100  0.406ï0.412 ɚʤʘʢʩ=390ï394, 

ʆʇ=0.196ï0.962 

2-ʍɹʂ 

ʇʍɹ 8 

 

99ï100  0.185ï0.504 ɚʤʘʢʩ=390ï396, 

ɚʤʘʢʩ=436,  

ʆʇ=0.245ï2.383 

2-ʍɹʂ, 

4-ʍɹʂ 

ʇʍɹ 15 

 

78ï97  0.308ï0.327 ɚʤʘʢʩ=428, 

ʆʇ <0.508 

4-ʍɹʂ 

ʐʪʘʤʤʳ ʨʦʜʘ Pseudomonas 

ʇʍɹ 4 

 

98ï100  0.486ï0.491 ɚʤʘʢʩ=394,  

ʆʇ=0.102ï1.342 

2-ʍɹʂ 

ʇʍɹ 8 

 

98ï100  0.243ï0.397 ɚʤʘʢʩ=390ï396, 

 ʆʇ=0.015ï3.985 

4-ʍɹʂ 

ʇʍɹ 15 

 

76ï91  0.199ï0.284 ɚʤʘʢʩ=428,  

ʆʇ <0.224 

4-ʍɹʂ 

*  ʅʘʯʘʣʴʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʭʣʦʨʙʠʬʝʥʠʣʦʚ 22.3 ʤʛ/ʣ 

 

ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʠʩʩʣʝʜʫʝʤʳʝ ʰʪʘʤʤʳ 

ʩʧʦʩʦʙʥʳ ʦʢʠʩʣʷʪʴ ʢʘʢ ʜʠ(ʦʨʪʦ)-, ʪʘʢ ʠ ʜʠ(ʧʘʨʘ)-ʟʘʤʝʱʝʥʥʳʝ 

ʭʣʦʨʠʨʦʚʘʥʥʳʝ ʙʠʬʝʥʠʣʳ. ʆʜʥʘʢʦ ʧʨʦʩʣʝʞʠʚʘʶʪʩʷ ʨʘʟʣʠʯʠʷ ʚ ʘʢʪʠʚʥʦʩʪʠ 

ʬʝʨʤʝʥʪʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʢ ʢʦʥʛʝʥʝʨʘʤ ʇʍɹ ʩ ʦʨʪʦ- ʠ ʧʘʨʘ-ʟʘʤʝʱʝʥʥʳʤʠ 

ʢʦʣʴʮʘʤʠ.  

ɹʠʬʝʥʠʣ ʜʠʦʢʩʠʛʝʥʘʟʳ ʰʪʘʤʤʦʚ Microbacterium sp. P26, EK24, 

M. oxydans B51, M. foliorum BN2, R. ruber P25, R. wratislaviensis CH625, 

CH628, EK7, KT112-7, MD1, MD2, ʈ12, ʈ13, ʈ20, Rhodococcus sp. B7a, BP9-1, 

BP9-2, BP9-4, BP9-7, BP9-8, DB11, EK12, G10, SN31, DB11, R. opacus EK9, 

R. jostii EK8, R. erythropolis B7b, B106a,  G12a,  P2kr, P23a ʠ Pseudomonas sp. 

P24, S210, B106, G13, G11, G12, S212, B2, B7, B8, P22, P23, S211, VRP2-6, 

MD8 ʘʢʪʠʚʥʝʝ ʦʢʠʩʣʷʶʪ ʦʨʪʦ-ʟʘʤʝʱʝʥʥʦʝ ʢʦʣʴʮʦ ʚ ʤʦʣʝʢʫʣʝ                      
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ʜʠ(ʦʨʪʦ-)ʭʣʦʨʠʨʦʚʘʥʥʦʛʦ ʙʠʬʝʥʠʣʘ, ʯʝʤ ʧʘʨʘ-ʟʘʤʝʱʝʥʥʦʝ ʢʦʣʴʮʦ 

ʚ ʤʦʣʝʢʫʣʝ ʜʠ(ʧʘʨʘ-)ʭʣʦʨʙʠʬʝʥʠʣʘ, ʦ ʯʝʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʙʦʣʝʝ ʚʳʩʦʢʠʝ 

ʟʥʘʯʝʥʠʷ ʫʜʝʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʜʝʩʪʨʫʢʮʠʠ ʧʨʠ ʨʘʟʣʦʞʝʥʠʠ ʇʍɹ 4, ʯʝʤ ʧʨʠ 

ʨʘʟʣʦʞʝʥʠʠ ʇʍɹ 15 (ʪʘʙʣʠʮʘ 5). ʇʨʠ ʵʪʦʤ ʚ ʩʣʫʯʘʝ ʦʢʠʩʣʝʥʠʷ ʇʍɹ 4 

ʫ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʰʪʘʤʤʦʚ ʨʦʜʦʚ Rhodococcus ʠ Pseudomonas ʦʙʨʘʟʫʝʪʩʷ  

8Cl-ɻʆʌɼʂ ʠ ʧʨʦʜʫʢʪ ʝʝ ʛʠʜʨʦʣʠʟʘ ɻʆʌɼʂ-ʛʠʜʨʦʢʩʠʣʘʟʦʡ ï 

2-ʭʣʦʨʙʝʥʟʦʡʥʘʷ ʢʠʩʣʦʪʘ (Seach et al., 2000; Fortin et al., 2005). ɺʝʨʦʷʪʥʦ, 

BphA ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʰʪʘʤʤʦʚ ʨʦʜʦʚ Rhodococcus ʠ Pseudomonas ʦʢʠʩʣʷʝʪ 

ʦʨʪʦ-ʟʘʤʝʱʝʥʥʦʝ ʢʦʣʴʮʦ ʜʠʭʣʦʨʙʠʬʝʥʠʣʘ ʧʦ 2 ʠ 3 ʫʛʣʝʨʦʜʥʳʤ ʘʪʦʤʘʤ, 

ʘ ʥʝ ʧʦ ʩʚʦʙʦʜʥʳʤ ʦʪ ʟʘʤʝʩʪʠʪʝʣʝʡ 4 ʠ 5 ʫʛʣʝʨʦʜʥʳʤ ʘʪʦʤʘʤ (ʨʠʩʫʥʦʢ 24).  

 

ʈʠʩʫʥʦʢ 24 ï ʆʙʱʘʷ ʩʭʝʤʘ ʨʘʟʣʦʞʝʥʠʷ ʇʍɹ 4: ʘ ï ʥʘʠʙʦʣʝʝ 

ʚʝʨʦʷʪʥʳʡ ʙʠʦʭʠʤʠʯʝʩʢʠʡ ʧʫʪʴ ʫ ʰʪʘʤʤʦʚ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʥʘʩʪʦʷʱʝʤ 

ʠʩʩʣʝʜʦʚʘʥʠʠ, ʙ ï ʪʝʦʨʝʪʠʯʝʩʢʠ ʚʦʟʤʦʞʥʳʡ ʧʫʪʴ ʥʘ ʦʩʥʦʚʘʥʠʠ 

ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʙʘʟ ʜʘʥʥʳʭ (KEGG, NCBI) 

 

ɿʥʘʯʝʥʠʷ ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ ʦʙʨʘʟʫʶʱʝʡʩʷ ɻʆʌɼʂ ʚ ʧʨʝʜʝʣʘʭ 

ʆʇʤʘʢʩ = 0.1ï1.3 ʦ.ʝ. ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʚʳʩʦʢʦʡ ʘʢʪʠʚʥʦʩʪʠ BphD ʜʘʥʥʳʭ 

ʰʪʘʤʤʦʚ. ɺ ʮʝʣʦʤ, ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʜʝʩʪʨʫʢʮʠʠ ʇʍɹ4 ʠʩʩʣʝʜʦʚʘʥʥʳʤʠ 
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ʰʪʘʤʤʘʤʠ ʚ 2ï4 ʨʘʟʘ ʧʨʝʚʳʰʘʝʪ ʘʥʘʣʦʛʠʯʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʜʣʷ ʰʪʘʤʤʦʚ ʨʦʜʘ 

Pseudomonas, ʚʳʜʝʣʝʥʥʳʭ ʠʟ ʇʍɹ-ʟʘʛʨʷʟʥʝʥʥʦʡ ʧʦʯʚʳ (Fedi et al., 2001). 

ʋ ʰʪʘʤʤʦʚ ʨʦʜʘ Microbacterium (P26, EK24, B51, BN2) ʟʘʬʠʢʩʠʨʦʚʘʪʴ 

ʚ ʩʨʝʜʝ ɻʆʌɼʂ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʣʦʞʝʥʠʷ ʟʘʤʝʩʪʠʪʝʣʷ ʚ ʤʦʣʝʢʫʣʝ ʠ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʦʧʨʝʜʝʣʝʥʠʷ ʤʝʩʪʘ ʘʪʘʢʠ BphA ʥʘ ʇʍɹ 4, ʥʝ ʫʜʘʣʦʩʴ. 

ʇʨʠ ʵʪʦʤ ʚ ʢʫʣʴʪʫʨʘʣʴʥʦʡ ʩʨʝʜʝ ʦʙʥʘʨʫʞʠʚʘʝʪʩʷ 2-ʍɹʂ (ʪʘʙʣʠʮʘ 5), ʯʪʦ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʧʨʦʪʝʢʘʥʠʠ ʙʠʦʪʨʘʥʩʬʦʨʤʘʮʠʠ ʇʍɹ4 ʧʦ çʚʝʨʭʥʝʤʫè 

ʙʠʬʝʥʠʣʴʥʦʤʫ ʧʫʪʠ ʩ ʜʠʦʢʩʠʛʝʥʠʨʦʚʘʥʠʝʤ ʦʜʥʦʛʦ ʠʟ ʦʨʪʦ-ʟʘʤʝʱʝʥʥʳʭ 

ʢʦʣʝʮ ʤʦʣʝʢʫʣʳ. 

ʆʢʠʩʣʝʥʠʝ ʇʍɹ 15 ʰʪʘʤʤʘʤʠ Microbacterium sp. P26, EK24, M. oxydans 

B51, M. foliorum BN2, R. ruber P25, R. wratislaviensis CH625, CH628, EK7, 

KT112-7, MD1, MD2, ʈ12, ʈ13, ʈ20, Rhodococcus sp. B7a, BP9-1, BP9-2, 

BP9-4, BP9-7, BP9-8, DB11, EK12, G10, SN31, DB11, R. opacus EK9, R. jostii 

EK8, R. erythropolis B7b, B106a,  G12a,  P2kr, P23a ʠ Pseudomonas sp. P24, 

S210, B106, G13, G11, G12, S212, B2, B7, B8, P22, P23, S211, VRP2-6, MD8 

ʩʦʧʨʦʚʦʞʜʘʣʦʩʴ ʦʙʨʘʟʦʚʘʥʠʝʤ ɻʆʌɼʂ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ ʤʘʢʩʠʤʘʣʴʥʦʛʦ 

ʧʦʛʣʦʱʝʥʠʷ 428 ʥʤ (ʰʪʘʤʤʳ ʨʦʜʦʚ Pseudomonas ʠ Rhodococcus) ʠ 432 ʥʤ 

(ʰʪʘʤʤʳ ʨʦʜʘ Microbacterium), ʦʩʥʦʚʥʳʤ ʢʦʥʝʯʥʳʤ ʤʝʪʘʙʦʣʠʪʦʤ ʷʚʣʷʣʘʩʴ 

4-ʭʣʦʨʙʝʥʟʦʡʥʘʷ ʢʠʩʣʦʪʘ (ʪʘʙʣʠʮʘ 5). ʀʟʚʝʩʪʥʦ, ʯʪʦ 10Cl-ɻʆʌɼʂ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ɚʤʘʢʩ= 438 ʥʤ ʠ ʤʦʞʝʪ ʦʙʨʘʟʦʚʳʚʘʪʴʩʷ ʚ ʩʣʫʯʘʝ 

ʜʠʦʢʩʠʛʝʥʠʨʦʚʘʥʠʷ ʦʜʥʦʛʦ ʠʟ ʢʦʣʝʮ 4,4ô-ʜʠʭʣʦʨʙʠʬʝʥʠʣʘ ʧʦ 3 ʠ 4 

ʫʛʣʝʨʦʜʥʳʤ ʘʪʦʤʘʤ (ʪʘʙʣʠʮʘ 1) (Seach et al., 2000). ʆʜʥʘʢʦ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ɚʤʘʢʩ ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʶʪʩʷ 

ʦʪ ʪʘʢʦʚʦʛʦ ʜʣʷ 10Cl-ɻʆʌɼʂ. ʊʘʢʞʝ ʩʨʝʜʠ ʤʝʪʘʙʦʣʠʪʦʚ ʥʝ ʚʳʷʚʣʝʥʦ 

ʧʨʠʩʫʪʩʪʚʠʝ ʭʣʦʨʘʮʝʪʦʬʝʥʦʥʘ, ʦʙʨʘʟʫʶʱʝʛʦʩʷ ʧʨʠ ʨʘʟʣʦʞʝʥʠʠ ʇʍɹ, 

ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʦʢʠʩʣʝʥʥʳʭ ʧʦ 3 ʠ 4 ʫʛʣʝʨʦʜʥʳʤ ʘʪʦʤʘʤ (Ines et al., 2021). 

ɺʝʨʦʷʪʥʦ, BphA ʦʩʫʱʝʩʪʚʣʷʝʪ ʦʢʠʩʣʝʥʠʝ ʧʘʨʘ-ʭʣʦʨʠʨʦʚʘʥʥʦʛʦ ʢʦʣʴʮʘ 

ʇʍɹ 15 ʧʦ 2 ʠ 3 ʫʛʣʝʨʦʜʥʳʤ ʘʪʦʤʘʤ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 

3,10ʜʠCl-ɻʆʌɼʂ, ʢʘʢ ʠ ʚ ʩʣʫʯʘʝ B. xenovorans LB400 (ʨʠʩʫʥʦʢ 25).  
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ʈʠʩʫʥʦʢ 25 ï ʉʭʝʤʘ ʨʘʟʣʦʞʝʥʠʷ ʇʍɹ 15: ʘ ï ʙʠʦʭʠʤʠʯʝʩʢʠʡ ʧʫʪʴ 

ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʇʍɹ 15 ʰʪʘʤʤʦʤ B. xenovorans LB400 (Seach et al., 2000), ʙ ï 

ʥʘʠʙʦʣʝʝ ʚʝʨʦʷʪʥʳʡ ʙʠʦʭʠʤʠʯʝʩʢʠʡ ʧʫʪʴ ʫ ʰʪʘʤʤʦʚ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ 

ʚ ʥʘʩʪʦʷʱʝʤ ʠʩʩʣʝʜʦʚʘʥʠʠ 

ʇʨʠ ʛʠʜʨʦʣʠʟʝ 3,10ʜʠCl-ɻʆʌɼʂ ʧʦʜ ʜʝʡʩʪʚʠʝʤ BphD ʦʙʨʘʟʫʝʪʩʷ 

4-ʍɹʂ ʠ ʭʣʦʨ-ʧʝʥʪʘʜʠʝʥʦʚʘʷ ʢʠʩʣʦʪʘ. ʀʟ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ ʠʟʚʝʩʪʥʦ, ʯʪʦ 

ʧʨʠʩʫʪʩʪʚʠʝ ʟʘʤʝʩʪʠʪʝʣʷ ʚ ʜʠʝʥʦʘʪʥʦʡ ʯʘʩʪʠ ʤʦʣʝʢʫʣʳ ɻʆʌɼʂ ʤʦʞʝʪ 

ʦʢʘʟʳʚʘʪʴ ʠʥʛʠʙʠʨʫʶʱʝʝ ʜʝʡʩʪʚʠʝ ʥʘ ɻʆʌɼʂ-ʛʠʜʨʦʣʘʟʫ. ʊʘʢ BphDLB400 

ʥʝ ʦʩʫʱʝʩʪʚʣʷʝʪ ʛʠʜʨʦʣʠʟ 3,10ʜʠCl-ɻʆʌɼʂ, ʦʙʨʘʟʫʶʱʝʡʩʷ ʧʨʠ ʨʘʟʣʦʞʝʥʠʠ 

4,4ô-ʜʠʭʣʦʨ- ʠ 2,4,4ô-ʪʨʠʭʣʦʨʙʠʬʝʥʠʣʦʚ (Seach et al., 2000). ʇʦʣʫʯʝʥʥʳʝ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʚʳʩʦʢʦʡ ʘʢʪʠʚʥʦʩʪʠ 

ɻʆʌɼʂ-ʛʠʜʨʦʣʘʟʳ ʠʩʩʣʝʜʦʚʘʥʥʳʭ 45 ʰʪʘʤʤʦʚ ʨʦʜʦʚ Microbacterium, 

Rhodococcus ʠ Pseudomonas ʢ 3,10ʜʠCl-ɻʆʌɼʂ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʰʪʘʤʤʳ 

Achromobacter xylosoxidans IR08, Bacillus sp. JF8, Pseudomonas 

pseudoalcaligenes KF707, Pseudomonas aeruginosa TMU56 ʪʘʢʞʝ ʧʨʦʷʚʣʷʶʪ 

ʚʳʩʦʢʫʶ ʜʝʛʨʘʜʘʪʠʚʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʢ ʇʍɹ 15, ʦʩʫʱʝʩʪʚʣʷʷ ʝʛʦ 

ʪʨʘʥʩʬʦʨʤʘʮʠʶ ʜʦ 4-ʍɹʂ (Mondello et al., 1997; Shimura et al., 1999; Ilori  et 

al., 2008; Hatamian-Zarmi et al., 2009). ʆʜʥʘʢʦ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʦʩʪʘʣʴʥʳʭ 
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ʠʟʚʝʩʪʥʳʭ ʰʪʘʤʤʦʚ, ʬʝʨʤʝʥʪʥʳʡ ʢʦʤʧʣʝʢʩ ʇʍɹ-ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʰʪʘʤʤʘ 

P. pseudoalcaligenes KF707 ʥʝ ʦʩʫʱʝʩʪʚʣʷʝʪ ʦʢʠʩʣʝʥʠʝ ʇʍɹ 4 (2,2ô-ʜʠʍɹ). 

ʇʦ ʚʩʝʡ ʚʠʜʠʤʦʩʪʠ, BphABCD ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʥʘʩʪʦʷʱʝʡ ʛʣʘʚʝ ʰʪʘʤʤʦʚ 

ʦʪʣʠʯʘʶʪʩʷ ʩʧʝʢʪʨʦʤ ʨʘʟʣʘʛʘʝʤʳʭ ʢʦʥʛʝʥʝʨʦʚ ʇʍɹ ʦʪ Bph-ʬʝʨʤʝʥʪʦʚ 

ʦʧʠʩʘʥʥʳʭ ʰʪʘʤʤʦʚ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʟʣʠʯʠʷ ʚ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʟʣʦʞʝʥʠʷ ʜʠ(ʦʨʪʦ)- ʠ 

ʜʠ(ʧʘʨʘ)-ʭʣʦʨʙʠʬʝʥʠʣʦʚ ʠʩʩʣʝʜʦʚʘʥʥʳʤʠ ʰʪʘʤʤʘʤʠ ʦʙʫʩʣʦʚʣʝʥʳ 

ʜʝʛʨʘʜʘʪʠʚʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʠ ʩʧʝʮʠʬʠʯʥʦʩʪʴʶ ʧʝʨʚʦʛʦ ʬʝʨʤʝʥʪʘ ʦʢʠʩʣʝʥʠʷ 

ʢʦʥʛʝʥʝʨʦʚ ʇʍɹ - ʙʠʬʝʥʠʣ ʜʠʦʢʩʠʛʝʥʘʟʳ. 

ʀʥʪʝʨʝʩʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʣʫʯʝʥʳ ʧʨʠ ʘʥʘʣʠʟʝ ʥʘʠʙʦʣʝʝ ʚʝʨʦʷʪʥʳʭ 

ʤʝʪʘʙʦʣʠʯʝʩʢʠʭ ʧʫʪʝʡ ʨʘʟʣʦʞʝʥʠʷ 2,4ô-ʜʠʭʣʦʨʙʠʬʝʥʠʣʘ (ʇʍɹ 8) 

ʠʩʩʣʝʜʫʝʤʳʤʠ ʰʪʘʤʤʘʤʠ. ʆʩʥʦʚʳʚʘʷʩʴ ʥʘ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ, ʯʪʦ ʙʠʬʝʥʠʣ 

ʜʠʦʢʩʠʛʝʥʘʟʘ ʠʩʩʣʝʜʫʝʤʳʭ ʰʪʘʤʤʦʚ ʧʨʦʷʚʣʷʝʪ ʦʢʠʩʣʠʪʝʣʴʥʫʶ ʘʢʪʠʚʥʦʩʪʴ 

ʢʘʢ ʢ ʦʨʪʦ- ʪʘʢ ʠ ʢ ʧʘʨʘ-ʟʘʤʝʱʝʥʥʳʤ ʢʦʣʴʮʘʤ, ʙʳʣʦ ʧʨʝʜʧʦʣʦʞʝʥʦ, ʯʪʦ 

ʩʢʦʨʦʩʪʴ ʨʘʟʣʦʞʝʥʠʷ 2,4ô-ʜʠʭʣʦʨʙʠʬʝʥʠʣʘ ʙʫʜʝʪ ʚʳʰʝ, ʯʝʤ ʜʣʷ 2,2ô- ʠ 4,4ô-

ʜʠʭʣʦʨʙʠʬʝʥʠʣʦʚ. ʆʜʥʘʢʦ, ʙʦʣʝʝ ʚʳʩʦʢʘʷ ʫʜʝʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʜʝʩʪʨʫʢʮʠʠ 

ʦʪʤʝʯʝʥʘ ʪʦʣʴʢʦ ʫ ʰʪʘʤʤʦʚ R. ruber P25, R. wratislaviensis KT112-7, CH625, 

CH628, G12a, B7a ʠ ʰʪʘʤʤʘ M. oxydans B51. ʋ ʰʪʘʤʤʦʚ Microbacterium sp. 

P26, EK24, ʠ M. foliorum BN2 ʫʜʝʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʜʝʩʪʨʫʢʮʠʠ ʇʍɹ 8 

ʩʦʧʦʩʪʘʚʠʤʘ ʩ ʘʥʘʣʦʛʠʯʥʳʤ ʧʦʢʘʟʘʪʝʣʝʤ ʜʣʷ ʇʍɹ 4 ʠ ʇʍɹ 15, ʘ ʫ ʰʪʘʤʤʦʚ 

Pseudomonas sp. P24, S210, B106, G13, G11, G12, S212, B2, B7, B8, P22, P23, 

S211, VRP2-6, MD8 ʚʳʰʝ, ʯʝʤ ʧʨʠ ʨʘʟʣʦʞʝʥʠʠ ʇʍɹ 15 ʚ 1.2ï1.4 ʨʘʟʘ, 

ʥʦ ʥʠʞʝ, ʯʝʤ ʧʨʠ ʜʝʩʪʨʫʢʮʠʠ ʇʍɹ 4 ʚ 1.2ï2.0 ʨʘʟʘ (ʪʘʙʣʠʮʘ 5). 

ʉʨʝʜʠ ʦʩʥʦʚʥʳʭ ʤʝʪʘʙʦʣʠʪʦʚ, ʦʙʨʘʟʫʶʱʠʭʩʷ ʧʨʠ ʨʘʩʱʝʧʣʝʥʠʠ ʇʍɹ 8, 

ʫ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʰʪʘʤʤʦʚ ʨʦʜʦʚ Microbacterium (4 ʰʪʘʤʤʘ), Pseudomonas 

(15 ʰʪʘʤʤʦʚ) ʠ ʰʪʘʤʤʦʚ  R. wratislaviensis CH625, MD1, MD2, R. erythropolis 

B7b, B106a, R. jostii EK8, Rhodococcus sp. BP9-1, BP9-2, BP9-4, BP9-7, BP9-8, 

DB11, G10, SN31, ʚʳʷʚʣʝʥʘ 4-ʭʣʦʨʙʝʥʟʦʡʥʘʷ ʢʠʩʣʦʪʘ, ʘ ʫ ʰʪʘʤʤʦʚ R. ruber 

P25, R. wratislaviensis CH628, EK7, KT112-7, ʈ12, ʈ13, ʈ20, Rhodococcus sp. 

B7a ï 2-ʭʣʦʨʙʝʥʟʦʡʥʘʷ ʠ 4-ʭʣʦʨʙʝʥʟʦʥʘʷ ʢʠʩʣʦʪʳ (ʪʘʙʣʠʮʘ 5). ʆʩʥʦʚʳʚʘʷʩʴ 
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ʥʘ ʦʧʠʩʘʥʥʳʭ ʩʭʝʤʘʭ çʚʝʨʭʥʝʛʦè ʙʠʬʝʥʠʣʴʥʦʛʦ ʧʫʪʠ, ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, 

ʯʪʦ ʚ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʢʦʥʝʯʥʳʤ ʤʝʪʘʙʦʣʠʪʦʤ ʷʚʣʷʝʪʩʷ 4-ʍɹʂ, ʙʠʬʝʥʠʣ 

ʜʠʦʢʩʠʛʝʥʘʟʘ ʦʩʫʱʝʩʪʚʣʷʝʪ ʦʢʠʩʣʝʥʠʝ ʦʨʪʦ-ʟʘʤʝʱʝʥʥʦʛʦ ʢʦʣʴʮʘ ʤʦʣʝʢʫʣʳ 

ʇʍɹ 8 (ʨʠʩʫʥʦʢ 26, ʧʫʪʴ ʘ, ʙ).  

 

ʈʠʩʫʥʦʢ 26 ï ʉʭʝʤʘ ʘʵʨʦʙʥʦʛʦ ʙʘʢʪʝʨʠʘʣʴʥʦʛʦ ʨʘʟʣʦʞʝʥʠʷ ʇʍɹ 8, 

ʧʦʩʪʨʦʝʥʥʘʷ ʥʘ ʦʩʥʦʚʘʥʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʠ ʩʚʝʜʝʥʠʡ ʠʟ 

ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʙʘʟ ʜʘʥʥʳʭ (KEGG, NCBI). ʆʧʠʩʘʥʠʝ ʧʨʠʚʝʜʝʥʦ ʚ ʪʝʢʩʪʝ 

 

ʊʘʢ ʢʘʢ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ BphA ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʰʪʘʤʤʦʚ ʩʧʦʩʦʙʥʘ 

ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʢʘʢ ʩ ʚʠʮʠʥʘʣʴʥʳʤʠ ʘʪʦʤʘʤʠ ʫʛʣʝʨʦʜʘ, ʩʚʦʙʦʜʥʳʤʠ ʦʪ 

ʭʣʦʨ-ʟʘʤʝʩʪʠʪʝʣʝʡ, ʪʘʢ ʠ ʩ ʧʘʨʦʡ ʘʪʦʤʦʚ ʫʛʣʝʨʦʜʘ, ʦʜʠʥ ʠʟ ʢʦʪʦʨʳʭ ʥʝʩʝʪ 

ʘʪʦʤ ʭʣʦʨʘ, ʪʦ ʜʠʦʢʩʠʛʝʥʠʨʦʚʘʥʠʝ ʚʦʟʤʦʞʥʦ ʢʘʢ ʧʦ 2 ʠ 3 ʘʪʦʤʘʤ ʫʛʣʝʨʦʜʘ 

(ʨʠʩʫʥʦʢ 26, ʧʫʪʴ ʘ), ʪʘʢ ʠ ʧʦ 5 ʠ 6 ʘʪʦʤʘʤ ʫʛʣʝʨʦʜʘ ʚ ʦʨʪʦ-ʟʘʤʝʱʝʥʥʦʤ 

ʢʦʣʴʮʝ ʤʦʣʝʢʫʣʳ ʇʍɹ 8 (ʨʠʩʫʥʦʢ 26, ʧʫʪʴ ʙ). ʇʨʠ ʜʘʣʴʥʝʡʰʝʡ ʨʘʙʦʪʝ 

ʬʝʨʤʝʥʪʦʚ çʚʝʨʭʥʝʛʦè ʧʫʪʠ ʦʙʨʘʟʫʶʪʩʷ 10Cl-ɻʆʌɼʂ ʠʣʠ 5,10ʜʠʉl-ɻʆʌɼʂ. 

ʆʜʥʘʢʦ, ʠʟ ʣʠʪʝʨʘʪʫʨʳ ʠʟʚʝʩʪʥʦ, ʯʪʦ 10Cl-ɻʆʌɼʂ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 
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ɚʤʘʢʩ= 438 ʥʤ, ʘ 5Cl-ɻʆʌɼʂ - ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ɚʤʘʢʩ= 402 ʥʤ (Seach et al., 

2000). ʉʦʯʝʪʘʥʠʝ ʟʘʤʝʩʪʠʪʝʣʝʡ ʚ 5 ʠ 10 ʧʦʣʦʞʝʥʠʠ ʚ ʦʜʥʦʡ ʤʦʣʝʢʫʣʝ ɻʆʌɼʂ 

ʚʝʨʦʷʪʥʦ ʧʨʠʚʝʜʝʪ ʢ ʪʦʤʫ, ʯʪʦ ʜʣʠʥʘ ʚʦʣʥʳ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʧʦʛʣʦʱʝʥʠʷ 

ʙʫʜʝʪ ʠʤʝʪʴ ʟʥʘʯʝʥʠʝ, ʧʨʦʤʝʞʫʪʦʯʥʦʝ ʤʝʞʜʫ 402 ʥʤ ʠ 438 ʥʤ. ɸʥʘʣʦʛʠʯʥʘʷ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ ʧʦʜʪʚʝʨʞʜʝʥʘ ʜʣʷ 4,9ʜʠʉl-ɻʆʌɼʂ (Seach et al., 2000, Fortin 

et al., 2005). 

ʆʜʥʘʢʦ, ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ɻʆʌɼʂ ʩ ɚʤʘʢʩ, ʚʭʦʜʷʱʝʡ 

ʚ ʫʢʘʟʘʥʥʳʡ ʜʠʘʧʘʟʦʥ, ʚʳʷʚʣʝʥʘ ʪʦʣʴʢʦ ʫ R. wratislaviensis MD1, MD2, 

R. erythropolis B7b, B106a, R. jostii EK8, Rhodococcus sp. BP9-1, BP9-2, BP9-4, 

BP9-7, BP9-8, DB11. ʄʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʦʜʥʠʤ ʠʟ ʧʫʪʝʡ 

ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʇʍɹ 8 ʫ ʙʘʢʪʝʨʠʡ ʨʦʜʘ Rhodococcus ʷʚʣʷʝʪʩʷ ʨʘʟʣʦʞʝʥʠʝ 

ʤʦʣʝʢʫʣʳ ʇʍɹ 8 ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʢʦʤʧʣʝʢʩʘ ʬʝʨʤʝʥʪʦʚ BphABC ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʜʠʦʢʩʠʛʝʥʠʨʦʚʘʥʠʷ ʧʦ 5 ʠ 6 ʘʪʦʤʘʤ ʫʛʣʝʨʦʜʘ ʦʨʪʦ-ʟʘʤʝʱʝʥʥʦʛʦ ʢʦʣʴʮʘ, 

ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʪʨʘʥʩʬʦʨʤʘʮʠʝʡ ʜʦ 5,10ʜʠʉl-ɻʆʌɼʂ (ʨʠʩʫʥʦʢ 26, ʧʫʪʴ ʙ). 

ɼʘʣʝʝ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ɻʆʌɼʂ-ʛʠʜʨʦʢʩʠʣʘʟʳ ʧʨʦʠʩʭʦʜʠʪ ʨʘʩʱʝʧʣʝʥʠʝ 

ʜʘʥʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʜʦ 4-ʍɹʂ ʠ ʭʣʦʨ-ʧʝʥʪʘʜʠʝʥʦʚʦʡ ʢʠʩʣʦʪ r(ʨʠʩʫʥʦʢ 26, 

ʧʫʪʴ ʙ). ʆʪʩʫʪʩʪʚʠʝ ʚ ʢʫʣʴʪʫʨʘʣʴʥʦʡ ʩʨʝʜʝ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʰʪʘʤʤʦʚ 

Microbacterium ʠ Pseudomonas ɻʆʌɼʂ ʩ ɚʤʘʢʩ> 402 ʥʤ ʠ ʥʘʢʦʧʣʝʥʠʝ 4-ʍɹʂ, 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʚʳʩʦʢʦʡ ʘʢʪʠʚʥʦʩʪʠ BphD ʢ ɻʆʌɼʂ, ʦʙʨʘʟʫʶʱʝʡʩʷ 

ʧʨʠ ʦʢʠʩʣʝʥʠʠ ʦʨʪʦ-ʭʣʦʨʠʨʦʚʘʥʥʦʛʦ ʢʦʣʴʮʘ ʇʍɹ 8.  

ɺ ʢʫʣʴʪʫʨʘʣʴʥʦʡ ʩʨʝʜʝ ʰʪʘʤʤʦʚ Microbacterium sp. P26, EK24, 

M. oxydans B51, M. foliorum BN2, R. ruber P25, R. wratislaviensis CH625, 

CH628, EK7, KT112-7, ʈ12, ʈ13, ʈ20, Rhodococcus sp. B7a, G10, SN31, DB11, 

R. opacus EK9, R. erythropolis G12a ʠ Pseudomonas sp. P24, S210, B106, G13, 

G11, G12, S212, B2, B7, B8, P22, P23, S211, VRP2-6, MD8 ʜʝʪʝʢʪʠʨʫʝʪʩʷ 

ɻʆʌɼʂ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʧʦʛʣʦʱʝʥʠʷ 390ï397ʥʤ. 

ʂʘʢ ʠʟʚʝʩʪʥʦ, ɚʤʘʢʩ < 400 ʥʤ ʭʘʨʘʢʪʝʨʥʘ ʜʣʷ 3Cl-ɻʆʌɼʂ (ɚʤʘʢʩ = 392 ʥʤ),            

8Cl-ɻʆʌɼʂ (ɚʤʘʢʩ = 392ï393 ʥʤ) ʠ 8,12ʜʠCl-ɻʆʌɼʂ (ɚʤʘʢʩ = 392 ʥʤ) 

(ʪʘʙʣʠʮʘ 1) (Fortin et al., 2005). ʆʙʨʘʟʦʚʘʥʠʝ ɻʆʌɼʂ ʩ ʧʦʜʦʙʥʳʤ 

ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʟʘʤʝʩʪʠʪʝʣʝʡ ʚʦʟʤʦʞʥʦ ʚ ʩʣʫʯʘʝ ʦʢʠʩʣʝʥʠʷ ʧʦʜ ʜʝʡʩʪʚʠʝʤ 
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ʙʠʬʝʥʠʣ ʜʠʦʢʩʠʛʝʥʘʟʳ ʧʘʨʘ-ʭʣʦʨʠʨʦʚʘʥʥʦʛʦ ʢʦʣʴʮʘ 2,4ô-ʜʠʭʣʦʨʙʠʬʝʥʠʣʘ 

ʧʦ 2 ʠ 3 ʫʛʣʝʨʦʜʥʳʤ ʘʪʦʤʘʤ, ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʨʘʟʣʦʞʝʥʠʝʤ ʧʦʜ ʜʝʡʩʪʚʠʝʤ 

ʬʝʨʤʝʥʪʦʚ çʚʝʨʭʥʝʛʦè ʧʫʪʠ (ʨʠʩʫʥʦʢ 26, ʧʫʪʴ ʚ). ʈʘʩʱʝʧʣʝʥʠʝ 3,8ʜʠCl-

ɻʆʌɼʂ ʛʠʜʨʦʢʩʠʣʘʟʦʡ (BphD) ʧʨʠʚʝʜʝʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 2-ʍɹʂ ʠ 

ʭʣʦʨʧʝʥʪʘʜʠʝʥʦʚʦʡ ʢʠʩʣʦʪʳ (ʨʠʩʫʥʦʢ 26, ʧʫʪʴ ʚ). ʆʜʥʘʢʦ 2-ʍɹʂ 

ʟʘʬʠʢʩʠʨʦʚʘʥʘ ʪʦʣʴʢʦ ʩʨʝʜʠ ʤʝʪʘʙʦʣʠʪʦʚ ʫ ʰʪʘʤʤʦʚ ʨʦʜʘ Rhodococcus (P25, 

CH628, EK7, KT112-7, ʈ12, ʈ13, ʈ20, B7a) (ʪʘʙʣʠʮʘ 5). ɺʝʨʦʷʪʥʦ, ɻʆʌɼʂ-

ʛʠʜʨʦʣʘʟʘ ʰʪʘʤʤʦʚ Microbacterium ʠ Pseudomonas ʦʙʣʘʜʘʝʪ ʥʠʟʢʦʡ 

ʘʢʪʠʚʥʦʩʪʴʶ ʢ 3,8ʜʠCl-ɻʆʌɼʂ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʟʚʦʣʷʶʪ 

ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʥʘ ʘʢʪʠʚʥʦʩʪʴ BphD ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʝ ʥʝ ʪʦʣʴʢʦ ʚ ʢʘʢʦʡ 

(ʜʠʝʥʦʘʪʥʦʡ ʠʣʠ ʬʝʥʦʣʴʥʦʡ) ʯʘʩʪʠ ʤʦʣʝʢʫʣʳ ɻʆʌɼʂ ʨʘʩʧʦʣʦʞʝʥ 

ʟʘʤʝʩʪʠʪʝʣʴ, ʥʦ ʠ ʫ ʢʦʪʦʨʦʛʦ ʫʛʣʝʨʦʜʥʦʛʦ ʘʪʦʤʘ. 5,10ɼʠʉl-ɻʆʌɼʂ ʠ 3,8ʜʠCl-

ɻʆʌɼʂ ʥʝʩʫʪ ʧʦ ʦʜʥʦʤʫ ʟʘʤʝʩʪʠʪʝʣʶ ʢʘʢ ʚ ʜʠʝʥʦʘʪʥʦʡ, ʪʘʢ ʠ ʚ ʬʝʥʦʣʴʥʦʡ 

ʯʘʩʪʷʭ ʤʦʣʝʢʫʣʳ. ʆʜʥʘʢʦ ʚ ʩʣʫʯʘʝ 5,10ʜʠʉl-ɻʆʌɼʂ ʦʜʠʥ ʠʟ ʘʪʦʤʦʚ ʭʣʦʨʘ 

ʩʚʷʟʘʥ ʩ ʫʛʣʝʨʦʜʥʳʤ ʘʪʦʤʦʤ, ʫʯʘʩʪʚʫʶʱʠʤ ʚ ʨʝʘʢʮʠʠ ʛʠʜʨʦʣʠʟʘ ʧʦʜ 

ʜʝʡʩʪʚʠʝʤ BphD. ɺʝʨʦʷʪʥʦ, ʘʪʦʤ ʭʣʦʨʘ ʩʤʝʱʘʝʪ ʵʣʝʢʪʨʦʥʥʫʶ ʧʣʦʪʥʦʩʪʴ ʩ 

ʉ-ʉ ʩʚʷʟʠ, ʘʪʘʢʫʝʤʦʡ ɻʆʌɼʂ-ʛʠʜʨʦʣʘʟʦʡ, ʯʪʦ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʵʬʬʝʢʪʠʚʥʦʝ 

ʨʘʩʱʝʧʣʝʥʠʝ 5,10ʜʠʉl-ɻʆʌɼʂ ʧʦʜ ʜʝʡʩʪʚʠʝʤ BphD ʠʩʩʣʝʜʫʝʤʳʭ ʰʪʘʤʤʦʚ.   

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʝʪʘʙʦʣʠʯʝʩʢʠʝ ʧʫʪʠ ʪʨʘʥʩʬʦʨʤʘʮʠʠ 

ʜʠʭʣʦʨʠʨʦʚʘʥʥʳʭ ʙʠʬʝʥʠʣʦʚ, ʥʝʩʫʱʠʭ ʧʦ ʦʜʥʦʤʫ ʟʘʤʝʩʪʠʪʝʣʶ ʚ ʢʘʞʜʦʤ 

ʢʦʣʴʮʝ ʤʦʣʝʢʫʣʳ, ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʭ ʨʘʟʣʦʞʝʥʠʷ ʙʘʢʪʝʨʠʷʤʠ ʨʦʜʦʚ 

Microbacterium, Rhodococcus ʠ Pseudomonas ʟʘʚʠʩʠʪ ʦʪ ʘʢʪʠʚʥʦʩʪʠ ʠ 

ʩʧʝʮʠʬʠʯʥʦʩʪʠ ʜʚʫʭ ʢʣʶʯʝʚʳʭ ʬʝʨʤʝʥʪʦʚ: ʙʠʬʝʥʠʣ ʜʠʦʢʩʠʛʝʥʘʟʳ (BphA) ʠ 

ɻʆʌɼʂ ʛʠʜʨʦʣʘʟʳ (BphD). 

 

3.4. ʈʘʟʣʦʞʝʥʠʝ ʪʨʠʭʣʦʨʠʨʦʚʘʥʥʳʭ ʙʠʬʝʥʠʣʦʚ ʩ ʨʘʩʧʦʣʦʞʝʥʠʝʤ 

ʟʘʤʝʩʪʠʪʝʣʝʡ {2+1} ʧʨʝʜʩʪʘʚʠʪʝʣʷʤʠ ʢʣʘʩʩʘ Actinobacteria 

ʋʚʝʣʠʯʝʥʠʝ ʩʪʝʧʝʥʠ ʭʣʦʨʠʨʦʚʘʥʠʷ ʤʦʣʝʢʫʣʳ ʙʠʬʝʥʠʣʘ ʤʦʞʝʪ 

ʦʢʘʟʳʚʘʪʴ ʥʝʛʘʪʠʚʥʳʡ ʵʬʬʝʢʪ ʥʘ ʩʢʦʨʦʩʪʴ ʦʢʠʩʣʝʥʠʷ ʇʍɹ ʬʝʨʤʝʥʪʘʤʠ 

ʘʵʨʦʙʥʳʭ ʙʘʢʪʝʨʠʡ (Furukawa, 2000; Furukawa, Fujihara, 2008; Cao et al., 
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2011). ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʧʦʩʦʙʥʦʩʪʠ ʦʩʫʱʝʩʪʚʣʷʪʴ ʨʘʟʣʦʞʝʥʠʝ 

ʪʨʠʭʣʦʨʠʨʦʚʘʥʥʳʭ ʙʠʬʝʥʠʣʦʚ ʙʳʣʠ ʦʪʦʙʨʘʥʳ ʰʪʘʤʤʳ Microbacterium 

oxydans B51, Rhodococcus ruber P25, R. erythropolis G12a, R. wratislaviensis 

CH625, CH628, KT112-7 ʠ Rhodococcus sp. B7a (ʢʣʘʩʩ Actinobacteria). ʊʘʢ ʢʘʢ 

ʨʘʥʝʝ ʥʘʤʠ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʜʘʥʥʳʝ ʰʪʘʤʤʳ ʧʨʦʷʚʣʷʶʪ ʘʢʪʠʚʥʦʩʪʴ 

ʢ ʦʨʪʦ- ʠ ʧʘʨʘ-ʤʦʥʦʟʘʤʝʱʝʥʥʳʤ ʢʦʣʴʮʘʤ ʭʣʦʨʙʠʬʝʥʠʣʦʚ, ʪʦ ʚ ʢʘʯʝʩʪʚʝ 

ʩʫʙʩʪʨʘʪʘ ʜʝʩʪʨʫʢʮʠʠ ʙʳʣʠ ʚʳʙʨʘʥʳ ʜʚʘ ʢʦʥʛʝʥʝʨʘ ʇʍɹ ʩ ʨʘʩʧʦʣʦʞʝʥʠʝʤ 

ʟʘʤʝʩʪʠʪʝʣʝʡ ʧʦ ʪʠʧʫ {2+1}: ʇʍɹ 17 ʠ ʇʍɹ 28. ʆʙʘ ʢʦʥʛʝʥʝʨʘ ʥʝʩʫʪ ʚ ʦʜʥʦʤ 

ʠʟ ʢʦʣʝʮ ʤʦʣʝʢʫʣʳ ʙʠʬʝʥʠʣʘ ʟʘʤʝʩʪʠʪʝʣʠ ʚ ʦʨʪʦ- ʠ ʧʘʨʘ-ʧʦʣʦʞʝʥʠʠ, ʥʦ 

ʦʪʣʠʯʘʶʪʩʷ ʟʘʤʝʩʪʠʪʝʣʷʤʠ ʚʦ ʚʪʦʨʦʤ ʢʦʣʴʮʝ ʤʦʣʝʢʫʣʳ. ʇʍɹ 17 ʥʝʩʝʪ ʚʦ 

ʚʪʦʨʦʤ ʢʦʣʴʮʝ ʘʪʦʤ ʭʣʦʨʘ ʚ ʦʨʪʦ-ʧʦʣʦʞʝʥʠʠ, ʘ ʇʍɹ 28 ï ʚ ʧʘʨʘ-ʧʦʣʦʞʝʥʠʠ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʰʪʘʤʤʳ 

ʦʩʫʱʝʩʪʚʣʷʶʪ ʜʝʩʪʨʫʢʮʠʶ ʇʍɹ 17 ʠ ʇʍɹ 28 (ʪʘʙʣʠʮʘ 6). 

ʊʘʙʣʠʮʘ 6 ï ʈʘʟʣʦʞʝʥʠʝ ʪʨʠʭʣʦʨʠʨʦʚʘʥʥʳʭ ʙʠʬʝʥʠʣʦʚ* 

ʩ ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʟʘʤʝʩʪʠʪʝʣʝʡ {2+1} ʧʨʝʜʩʪʘʚʠʪʝʣʷʤʠ ʨʦʜʦʚ 

Microbacterium ʠ Rhodococcus 

ʇʍɹ ʕʬʬʝʢʪʠʚʥʦʩʪʴ 

ʜʝʩʪʨʫʢʮʠʠ, % 

ʋʜʝʣʴʥʘʷ 

ʩʢʦʨʦʩʪʴ 

ʜʝʩʪʨʫʢʮʠʠ, ʯ-1 

ɻʆʌɼʂ, ɚʤʘʢʩ, 

ʆʇ (ʦ.ʝ.) 

ʍɹʂ 

ʇʍɹ 17 

 

40ï89  0.092ï0.103 ɚʤʘʢʩ=393ï449, 

ʆʇ = 0.209ï0.299 

2-ʍɹʂ, 

2,4-ʜʠʍɹʂ 

ʇʍɹ 28 10ï67  0.046ï0.053 ɚʤʘʢʩ= 392ï397,  

ʆʇ <1.842 

4-ʍɹʂ, 

2,4-ʜʠʍɹʂ 

*  ʅʘʯʘʣʴʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʭʣʦʨʠʨʦʚʘʥʥʳʭ ʙʠʬʝʥʠʣʦʚ 12.8 ʤʛ/ʣ 

 

ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʚʳʩʢʘʟʘʥʥʳʤ ʨʘʥʝʝ 

ʧʨʝʜʧʦʣʦʞʝʥʠʝʤ ʠ ʣʠʪʝʨʘʪʫʨʥʳʤʠ ʜʘʥʥʳʤʠ, ʯʪʦ ʧʦʚʳʰʝʥʠʝ ʩʪʝʧʝʥʠ 

ʭʣʦʨʠʨʦʚʘʥʠʷ ʤʦʣʝʢʫʣʳ ʭʣʦʨʙʠʬʝʥʠʣʘ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʝʝ 

ʙʠʦʜʦʩʪʫʧʥʦʩʪʠ. ʅʠ ʜʣʷ ʦʜʥʦʛʦ ʠʟ ʩʫʙʩʪʨʘʪʦʚ ʟʘ ʦʪʨʝʟʦʢ ʚʨʝʤʝʥʠ, 

ʘʥʘʣʦʛʠʯʥʳʡ ʜʣʷ ʜʝʩʪʨʫʢʮʠʠ ʤʦʥʦ- ʠ ʜʠʭʣʦʨʠʨʦʚʘʥʥʳʭ ʙʠʬʝʥʠʣʦʚ, ʥʝ ʙʳʣʦ 
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ʜʦʩʪʠʛʥʫʪʦ 100%-ʥʦʝ ʨʘʟʣʦʞʝʥʠʝ. ʋʜʝʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʜʝʩʪʨʫʢʮʠʠ ʩʥʠʞʘʣʘʩʴ 

ʚ 1.8ï8.6 ʨʘʟʘ. ʆʜʥʘʢʦ, ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʜʝʩʪʨʫʢʮʠʠ ʫ ʠʩʩʣʝʜʫʝʤʳʭ ʰʪʘʤʤʦʚ 

ʥʝ ʫʩʪʫʧʘʣʘ ʘʥʘʣʦʛʠʯʥʦʤʫ ʧʦʢʘʟʘʪʝʣʶ ʘʵʨʦʙʥʳʭ ʙʘʢʪʝʨʠʡ, ʦʧʠʩʘʥʥʳʭ ʚ 

ʣʠʪʝʨʘʪʫʨʝ (Bedard, Haberl, 1990; Shimura et al., 1999; Maltseva et al., 1999; 

Fedi et al., 2001; Lambdo, Patel, 2006). 

ɸʥʘʣʠʟ ʦʩʥʦʚʥʳʭ ʤʝʪʘʙʦʣʠʪʦʚ ʧʨʠ ʨʘʟʣʦʞʝʥʠʠ ʇʍɹ 17 ʧʦʢʘʟʘʣ, ʯʪʦ 

ʙʠʬʝʥʠʣ ʜʠʦʢʩʠʛʝʥʘʟʳ ʜʘʥʥʳʭ ʰʪʘʤʤʦʚ ʦʩʫʱʝʩʪʚʣʷʶʪ ʦʢʠʩʣʝʥʠʝ ʢʘʢ ʤʦʥʦ-, 

ʪʘʢ ʠ ʜʠʟʘʤʝʱʝʥʥʦʛʦ ʢʦʣʴʮʘ ʤʦʣʝʢʫʣʳ ʪʨʠʭʣʦʨʙʠʬʝʥʠʣʘ. ɺ ʩʣʫʯʘʝ, ʢʦʛʜʘ 

ʘʪʘʢʝ ʧʦʜʚʝʨʛʘʝʪʩʷ ʤʦʥʦ(ʦʨʪʦ)-ʭʣʦʨʠʨʦʚʘʥʥʦʝ ʢʦʣʴʮʦ, ʨʘʟʣʦʞʝʥʠʝ 

ʧʨʦʠʩʭʦʜʠʪ ʜʦ 2,4-ʜʠʭʣʦʨʙʝʥʟʦʡʥʦʡ ʢʠʩʣʦʪʳ (ʨʠʩʫʥʦʢ 27, ʧʫʪʴ ʘ, ʙ). 

ʆʧʨʝʜʝʣʠʪʴ ʧʘʨʫ ʚʠʮʠʥʘʣʴʥʳʭ ʘʪʦʤʦʚ ʫʛʣʝʨʦʜʘ, ʧʦ ʢʦʪʦʨʳʤ ʧʨʦʠʩʭʦʜʠʪ 

ʜʠʦʢʩʠʛʝʥʠʨʦʚʘʥʠʝ ʤʦʣʝʢʫʣʳ ʪʨʠʭʣʦʨʙʠʬʝʥʠʣʘ, ʥʝ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ 

ʚʦʟʤʦʞʥʳʤ. ʆʜʥʘʢʦ ʥʘʤʠ ʧʨʝʜʧʦʣʦʞʝʥʳ ʥʘʠʙʦʣʝʝ ʚʝʨʦʷʪʥʳʝ ʧʫʪʠ. 

ɼʠʦʢʩʠʛʝʥʠʨʦʚʘʥʠʝ ʧʦ 2 ʠ 3 ʫʛʣʝʨʦʜʥʳʤ ʘʪʦʤʘʤ ʤʦʥʦ(ʦʨʪʦ)-

ʭʣʦʨʠʨʦʚʘʥʥʦʛʦ ʢʦʣʴʮʘ ʤʦʣʝʢʫʣʳ ʇʍɹ 17 ʧʨʠʚʦʜʠʪ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ 

8,10-ʜʠCl-ɻʆʌɼʂ (ʨʠʩʫʥʦʢ 27, ʧʫʪʴ ʘ). ʇʨʠ ʵʪʦʤ ʚ ʩʨʝʜʝ ʦʪʤʝʯʝʥʘ ɻʆʌɼʂ 

ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʧʦʛʣʦʱʝʥʠʷ 393 ʥʤ. ʆʩʥʦʚʳʚʘʷʩʴ 

ʥʘ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ, ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʜʘʥʥʘʷ ɚʤʘʢʩ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ 8,10-ʜʠCl-ɻʆʌɼʂ. ɺ ʨʘʙʦʪʝ Fortin ʩ ʢʦʣʣʝʛʘʤʠ ʧʦʢʘʟʘʥʦ, ʯʪʦ 

ɚʤʘʢʩ8,12-ʜʠCl-ɻʆʌɼʂ = 392 ʥʤ (ʪʘʙʣʠʮʘ 1) (Forti et al., 2005). ʆʜʥʘʢʦ, ʧʦʜ 

ʜʝʡʩʪʚʠʝʤ BphA ʚʦʟʤʦʞʥʦ ʦʢʠʩʣʝʥʠʝ ʧʦ 5 ʠ 6 ʫʛʣʝʨʦʜʥʳʤ ʘʪʦʤʘʤ ʦʨʪʦ-

ʭʣʦʨʠʨʦʚʘʥʥʦʛʦ ʢʦʣʴʮʘ ʇʍɹ 17. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʦʙʨʘʟʫʝʪʩʷ 5,8,10-ʪʨʠCl-

ɻʆʌɼʂ (ʨʠʩʫʥʦʢ 26, ʧʫʪʴ ʙ). ɼʘʥʥʳʡ ʠʟʦʤʝʨ ɻʆʌɼʂ ʩʦʜʝʨʞʠʪ ʟʘʤʝʩʪʠʪʝʣʝʡ 

ʢʘʢ ʚ ʬʝʥʦʣʴʥʦʡ, ʪʘʢ ʠ ʚ ʜʠʝʥʦʘʪʥʦʡ ʯʘʩʪʷʭ ʤʦʣʝʢʫʣʳ (ʨʠʩʫʥʦʢ 27, ʧʫʪʴ ʙ). 

ɺ ʦʙʦʠʭ ʩʣʫʯʘʷʭ ʧʦʜ ʜʝʡʩʪʚʠʝʤ BphD ʧʨʦʠʩʭʦʜʠʪ ʛʠʜʨʦʣʠʟ ʜʦ ʩʪʘʜʠʠ 

ʦʙʨʘʟʦʚʘʥʠʷ 2,4-ʜʠʍɹʂ. ʋʯʠʪʳʚʘʷ, ʯʪʦ ʟʥʘʯʝʥʠʷ ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ 

ʢʫʣʴʪʫʨʘʣʴʥʦʡ ʩʨʝʜʳ, ʩʦʜʝʨʞʘʱʝʡ ʜʘʥʥʳʝ ɻʆʌɼʂ, ʥʠʟʢʠʝ, ʤʦʞʥʦ 

ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ɻʆʌɼʂ-ʛʠʜʨʦʣʘʟʘ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʰʪʘʤʤʦʚ ʢʣʘʩʩʘ 

Actinobacteria ʧʨʦʷʚʣʷʝʪ ʚʳʩʦʢʫʶ ʘʢʪʠʚʥʦʩʪʴ. 
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ʈʠʩʫʥʦʢ 27 ï ɺʝʨʦʷʪʥʳʝ ʤʝʪʘʙʦʣʠʯʝʩʢʠʝ ʧʫʪʠ ʘʵʨʦʙʥʦʛʦ 

ʙʘʢʪʝʨʠʘʣʴʥʦʛʦ ʦʢʠʩʣʝʥʠʷ ʇʍɹ 17 ʰʪʘʤʤʘʤʠ M. oxydans B51, 

Rhodococcus sp. B7a, R. erythropolis G12a, R. wratislaviensis CH625, CH628, 

KT112-7 ʠ R. ruber P25. ʆʧʠʩʘʥʠʝ ʧʨʠʚʝʜʝʥʦ ʚ ʪʝʢʩʪʝ 

 

ʋ ʰʪʘʤʤʦʚ M. oxydans B51, R. ruber P25, R. erythropolis G12a ʠ 

R. wratislaviensis KT112-7 ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʛʦ ʤʝʪʘʙʦʣʠʪʘ ʇʍɹ 17 

ʟʘʬʠʢʩʠʨʦʚʘʥʘ 2-ʍɹʂ. ʅʘʠʙʦʣʝʝ ʚʝʨʦʷʪʥʦ, ʯʪʦ BphA ʜʘʥʥʳʭ ʰʪʘʤʤʦʚ 

ʦʢʠʩʣʷʝʪ ʜʠ(ʦʨʪʦ-ʧʘʨʘ)-ʭʣʦʨʠʨʦʚʘʥʥʦʝ ʢʦʣʴʮʦ ʤʦʣʝʢʫʣʳ ʇʍɹ 17. 

ɼʠʦʢʩʠʛʝʥʠʨʦʚʘʥʠʝ ʤʦʞʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʢʘʢ ʩ ʦʪʱʝʧʣʝʥʠʝʤ ʘʪʦʤʘ ʭʣʦʨʘ, ʪʦ 

ʝʩʪʴ ʧʦ 2 ʠ 3 ʫʛʣʝʨʦʜʥʳʤ ʘʪʦʤʘʤ, ʪʘʢ ʠ ʧʦ ʧʘʨʝ ʩʚʦʙʦʜʥʳʭ ʫʛʣʝʨʦʜʥʳʭ 

ʘʪʦʤʦʚ (ʨʠʩʫʥʦʢ 27, ʧʫʪʠ ʚ, ʛ). ɺ ʧʝʨʚʦʤ ʩʣʫʯʘʝ (ʨʠʩʫʥʦʢ 27, ʧʫʪʴ ʚ) ʚ 

ʢʘʯʝʩʪʚʝ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʤʝʪʘʙʦʣʠʪʘ ʙʫʜʝʪ ʦʙʨʘʟʦʚʳʚʘʪʴʩʷ 3,8-ʜʠCl-

ɻʆʌɼʂ, ʚʦ ʚʪʦʨʦʤ ï 3,5,8-ʪʨʠCl-ɻʆʌɼʂ (ʨʠʩʫʥʦʢ 27, ʧʫʪʴ ʛ). ʇʨʠ ʘʥʘʣʠʟʝ 

ʜʝʩʪʨʫʢʮʠʠ ʇʍɹ 8 ʙʳʣʦ ʦʪʤʝʯʝʥʦ, ʯʪʦ BphD ʰʪʘʤʤʘ M. oxydans B51 

ʧʨʦʷʚʣʷʝʪ ʥʠʟʢʫʶ ʛʠʜʨʦʢʩʠʣʘʟʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʢ 3,8-ʜʠCl-ɻʆʌɼʂ, ʘ 

ʧʦʷʚʣʝʥʠʝ ʟʘʤʝʩʪʠʪʝʣʷ ʫ 5-ʛʦ ʫʛʣʝʨʦʜʥʦʛʦ ʘʪʦʤʘ ʧʨʠʚʦʜʠʪ ʢ ʧʦʚʳʰʝʥʠʶ 
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ʛʠʜʨʦʢʩʠʣʠʨʦʚʘʥʠʷ (ʩʤ. ʨʘʟʜʝʣ 3.3). ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʚʳʩʦʢʦʡ ʘʢʪʠʚʥʦʩʪʠ BphD ʢ ʠʟʦʤʝʨʫ ɻʆʌɼʂ, 

ʦʙʨʘʟʫʶʱʝʤʫʩʷ ʧʨʠ ʛʠʜʨʦʣʠʟʝ 2,4,2ô-ʭʣʦʨʙʠʬʝʥʠʣʘ ʧʦ ʜʠʭʣʦʨʠʨʦʚʘʥʥʦʤʫ 

ʢʦʣʴʮʫ. 

ɸʥʘʣʠʟ ʩʦʝʜʠʥʝʥʠʡ, ʦʙʨʘʟʫʶʱʠʭʩʷ ʧʨʠ ʨʘʟʣʦʞʝʥʠʠ 

2,4,4ô-ʪʨʠʭʣʦʨʙʠʬʝʥʠʣʘ (ʇʍɹ 28), ʧʦʢʘʟʘʣ, ʯʪʦ ʙʠʬʝʥʠʣ ʜʠʦʢʩʠʛʝʥʘʟʳ 

ʰʪʘʤʤʦʚ M. oxydans B51 R. ruber P25, R. erythropolis G12a, R. wratislaviensis 

CH625, CH628, ʂʊ112-7 ʠ Rhodococcus sp. B7a ʦʩʫʱʝʩʪʚʣʷʶʪ ʦʢʠʩʣʝʥʠʝ ʢʘʢ 

ʤʦʥʦ(ʧʘʨʘ)-ʭʣʦʨʠʨʦʚʘʥʥʦʛʦ ʢʦʣʴʮʘ ʇʍɹ 28 (ʪʘʙʣʠʮʘ 6, ʨʠʩʫʥʦʢ 28, ʧʫʪʴ ʚ), 

ʪʘʢ ʠ  ʜʠʭʣʦʨʠʨʦʚʘʥʥʦʛʦ ʢʦʣʴʮʘ ʇʍɹ 28 (ʪʘʙʣʠʮʘ 6, ʨʠʩʫʥʦʢ 28, ʧʫʪʠ ʘ, ʙ).  

ʈʠʩʫʥʦʢ 28 ï ɺʝʨʦʷʪʥʳʝ ʧʫʪʠ ʘʵʨʦʙʥʦʡ ʙʘʢʪʝʨʠʘʣʴʥʦʡ 

ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʇʍɹ28 ʫ ʰʪʘʤʤʦʚ M. oxydans B51, Rhodococcus sp. B7a, 

R. erythropolis G12a, R. wratislaviensis CH625, CH628, KT112-7 ʠ R. ruber 

P25. ʆʧʠʩʘʥʠʝ ʧʨʠʚʝʜʝʥʦ ʚ ʪʝʢʩʪʝ 

ʀʟʚʝʩʪʥʦ, ʯʪʦ BphA ʰʪʘʤʤʘ-ʜʝʩʪʨʫʢʪʦʨʘ ʇʍɹ Rhodococcus erythreus 

NY5 ʧʨʦʷʚʣʷʝʪ ʘʢʪʠʚʥʦʩʪʴ ʪʦʣʴʢʦ ʢ ʤʦʥʦ-ʟʘʤʝʱʝʥʥʳʤ ʢʦʣʴʮʘʤ, ʠ ʥʝ 

ʦʢʠʩʣʷʝʪ ʜʠ-ʟʘʤʝʱʝʥʥʳʝ ʢʦʣʴʮʘ ʚ ʤʦʣʝʢʫʣʝ ʭʣʦʨʙʠʬʝʥʠʣʘ (Maltseva et al., 



137 
 

1999). ʆʙʨʘʟʦʚʘʥʠʝ 4-ʍɹʂ ʚʦʟʤʦʞʥʦ ʧʨʠ ʦʢʠʩʣʝʥʠʠ ʜʠʭʣʦʨʠʨʦʚʘʥʥʦʛʦ 

ʢʦʣʴʮʘ ʤʦʣʝʢʫʣʳ ʇʍɹ 28 (ʨʠʩʫʥʦʢ 28, ʧʫʪʠ ʘ, ʙ). ɼʠʦʢʩʠʛʝʥʘʟʥʘʷ ʘʪʘʢʘ 

ʤʦʞʝʪ ʧʨʦʪʝʢʘʪʴ ʢʘʢ ʧʦ 2 ʠ 3 ʫʛʣʝʨʦʜʥʳʤ ʘʪʦʤʘʤ, ʪʘʢ ʠ ʧʦ 5 ʠ 6 ʫʛʣʝʨʦʜʥʳʤ 

ʘʪʦʤʘʤ. ɺ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʙʫʜʝʪ ʦʙʨʘʟʦʚʳʚʘʪʴʩʷ 3,10ʜʠCl-ɻʆʌɼʂ (ʨʠʩʫʥʦʢ 

27, ʧʫʪʴ ʘ), ʘ ʚʦ ʚʪʦʨʦʤ ï 3,5,10ʪʨʠCl-ɻʆʌɼʂ (ʨʠʩʫʥʦʢ 28, ʧʫʪʴ ʙ). ʅʘʠʙʦʣʝʝ 

ʚʝʨʦʷʪʥʘʷ ʜʣʠʥʘ ʚʦʣʥʳ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʧʦʛʣʦʱʝʥʠʷ ʜʣʷ ʜʘʥʥʳʭ ʠʟʦʤʝʨʦʚ 

ʙʫʜʝʪ ʨʘʩʧʦʣʘʛʘʪʴʩʷ ʚ ʜʠʘʧʘʟʦʥʝ 402ï438 ʥʤ. ʆʜʥʘʢʦ ʩʦʝʜʠʥʝʥʠʡ ʩ ɚʤʘʢʩ, 

ʚʭʦʜʷʱʝʡ ʚ ʜʘʥʥʳʡ ʜʠʘʧʘʟʦʥ, ʚ ʢʫʣʴʪʫʨʘʣʴʥʦʡ ʩʨʝʜʝ ʟʘʬʠʢʩʠʨʦʚʘʥʦ ʥʝ ʙʳʣʦ. 

ɺʝʨʦʷʪʥʦ, BphD ʠʩʩʣʝʜʫʝʤʳʭ ʰʪʘʤʤʦʚ ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʦʡ 

ʛʠʜʨʦʢʩʠʣʠʨʫʶʱʝʡ ʘʢʪʠʚʥʦʩʪʴʶ ʢ ʜʘʥʥʳʤ ʠʟʦʤʝʨʘʤ ɻʆʌɼʂ. ʆʙʥʘʨʫʞʝʥʠʝ 

ʚ ʩʨʝʜʝ ɻʆʌɼʂ ʩ ɚʤʘʢʩ 392ï397 ʥʤ, ʘ ʪʘʢʞʝ 2,4-ʜʠʍɹʂ, ʧʦʜʪʚʝʨʞʜʘʝʪ 

ʩʧʦʩʦʙʥʦʩʪʴ ʙʠʬʝʥʠʣ ʜʠʦʢʩʠʛʝʥʘʟʳ ʜʘʥʥʳʭ ʰʪʘʤʤʦʚ ʦʢʠʩʣʷʪʴ ʤʦʥʦ(ʧʘʨʘ)-

ʭʣʦʨʠʨʦʚʘʥʥʦʝ ʢʦʣʴʮʦ ʇʍɹ 28. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʚ ʢʘʯʝʩʪʚʝ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ 

ʤʝʪʘʙʦʣʠʪʘ ʦʙʨʘʟʫʝʪʩʷ 3,8,10ʪʨʠCl-ɻʆʌɼʂ, ʘ ʝʝ ʛʠʜʨʦʣʠʟ ʧʨʠʚʦʜʠʪ ʢ 

ʦʙʨʘʟʦʚʘʥʠʶ 2,4-ʜʠʍɹʂ. ɸʥʘʣʦʛʠʯʥʳʡ ʧʫʪʴ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʇʍɹ 28 ʦʧʠʩʘʥ 

ʜʣʷ ʰʪʘʤʤʘ-ʜʝʩʪʨʫʢʪʦʨʘ Rhodococcus globerulus P6 (Furukawa et al., 1979). ɺ 

ʨʘʙʦʪʝ (Ines et al., 2021) ʦʧʠʩʘʥʦ ʥʝʩʢʦʣʴʢʦ ʚʘʨʠʘʥʪʦʚ çʥʝ ʢʣʘʩʩʠʯʝʩʢʦʛʦè 

ʬʝʨʤʝʥʪʘʪʠʚʥʦʛʦ ʦʢʠʩʣʝʥʠʷ ʇʍɹ 28 ʙʘʢʪʝʨʠʷʤʠ ʨʦʜʘ Rhodococcus: ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʦʢʠʩʣʝʥʠʷ ʩʦʝʜʠʥʝʥʠʷ, ʦʙʨʘʟʫʶʱʝʛʦʩʷ ʧʦʩʣʝ 

2,3-ʜʠʦʢʩʠʛʝʥʠʨʦʚʘʥʠʷ, ʥʘʨʷʜʫ ʩ 4-ʍɹʂ ʠ 2,4-ʜʠʍɹʂ ʬʦʨʤʠʨʦʚʘʣʘʩʴ 

2,4-ʜʠʭʣʦʨʬʝʥʠʣʘʮʝʪʘʪʥʘʷ ʢʠʩʣʦʪʘ, ʘ ʚ ʨʝʟʫʣʴʪʘʪʝ 3,4-ʜʠʦʢʩʠʛʝʥʘʠʨʦʚʘʥʠʷ 

ʤʦʣʝʢʫʣʳ ʇʍɹ 28 ʠ ʧʦʩʣʝʜʫʶʱʝʛʦ ʦʢʠʩʣʝʥʠʷ ʬʦʨʤʠʨʦʚʘʣʩʷ 

2,4-ʜʠʭʣʦʨʘʮʝʪʦʬʝʥʦʥ. ɺ ʧʨʦʚʝʜʝʥʥʦʤ ʥʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʜʘʥʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʟʘʬʠʢʩʠʨʦʚʘʥʦ ʥʝ ʙʳʣʦ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ 

ʨʘʟʣʦʞʝʥʠʝ ʇʍɹ 28 ʧʨʦʠʩʭʦʜʠʣʦ ʧʦ ʢʣʘʩʩʠʯʝʩʢʦʤʫ çʙʠʬʝʥʠʣʴʥʦʤʫ ʧʫʪʠè. 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʩʣʝʜʦʚʘʥʥʳʝ ʚ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʰʪʘʤʤʳ M. oxydans 

B51, Rhodococcus sp. B7a, R. erythropolis G12a, R. wratislaviensis CH625, 

CH628, KT112-7 ʠ R. ruber P25 ʦʙʣʘʜʘʶʪ ʬʝʨʤʝʥʪʥʳʤʠ ʩʠʩʪʝʤʘʤʠ, 

ʦʢʠʩʣʷʶʱʠʤʠ ʤʦʥʦ(ʦʨʪʦ- ʠʣʠ ʧʘʨʘ)- ʠ ʜʠ(ʦʨʪʦ-ʧʘʨʘ)-ʭʣʦʨʠʨʦʚʘʥʥʳʝ 
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ʢʦʣʴʮʘ ʚ ʤʦʣʝʢʫʣʝ ʪʨʠʭʣʦʨʠʨʦʚʘʥʥʳʭ ʙʠʬʝʥʠʣʦʚ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʚ ʢʘʯʝʩʪʚʝ 

ʦʩʥʦʚʥʳʭ ʤʝʪʘʙʦʣʠʪʦʚ ʤʦʥʦ- ʠ ʜʠʭʣʦʨʠʨʦʚʘʥʥʳʭ ʙʝʥʟʦʡʥʳʭ ʢʠʩʣʦʪ. 

ʇʨʦʚʝʜʝʥʥʳʝ ʩʢʨʠʥʠʥʛʦʚʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʟʚʦʣʠʣʠ ʚʳʜʝʣʠʪʴ ʛʨʫʧʧʫ 

ʥʘʠʙʦʣʝʝ ʘʢʪʠʚʥʳʭ ʰʪʘʤʤʦʚ-ʜʝʩʪʨʫʢʪʦʨʦʚ ʙʠʬʝʥʠʣʘ ʠ ʇʍɹ: Microbacterium 

oxydans B51, Rhodococcus ruber P25 (=ʀʕɻʄ 896), R. wratislaviensis P1, G10, 

KT112-7 (=ɺʂʄ ɸʩ-2623D), CH625 (=ɺʂʄ ɸʩ-2631D), CH628, R. erythropolis 

G12a, Rhodococcus sp. MD1, MD2, B7a, Pseudomonas sp. MD8, VRP2-2,                

VRP2-6. ɼʘʥʥʳʝ ʰʪʘʤʤʳ ʚ ʧʨʦʮʝʩʩʝ ʧʨʦʚʝʜʝʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣʠ ʧʦʜʨʦʙʥʦ 

ʠʟʫʯʝʥʳ ʥʘ ʛʝʥʝʪʠʯʝʩʢʦʤ ʠ ʤʝʪʘʙʦʣʠʯʝʩʢʦʤ ʫʨʦʚʥʷʭ, ʘ ʪʘʢʞʝ ʦʩʫʱʝʩʪʚʣʝʥʘ 

ʦʮʝʥʢʘ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʠ ʠʭ ʧʨʠʤʝʥʝʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʘʛʝʥʪʦʚ ʜʣʷ 

ʙʠʦʨʝʤʝʜʠʘʮʠʦʥʥʳʭ ʧʨʝʧʘʨʘʪʦʚ.  
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ɻʃɸɺɸ 4. ʄʆʃɽʂʋʃʗʈʅʆ-ɻɽʅɽʊʀʏɽʉʂɸʗ ʍɸʈɸʂʊɽʈʀʉʊʀʂɸ 

ɸʂʊʀɺʅʓʍ ʐʊɸʄʄʆɺ-ɼɽʉʊʈʋʂʊʆʈʆɺ ʇʍɹ 

 

4.1. ɺʥʝʭʨʦʤʦʩʦʤʥʳʝ ʵʣʝʤʝʥʪʳ 

ʆʜʥʦʡ ʠʟ ʦʩʦʙʝʥʥʦʩʪʝʡ ʩʪʨʦʝʥʠʷ ʛʝʥʦʤʦʚ ʘʢʪʠʚʥʳʭ ʰʪʘʤʤʦʚ-

ʜʝʩʪʨʫʢʪʦʨʦʚ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ ʚʥʝʭʨʦʤʦʩʦʤʥʳʭ 

ʵʣʝʤʝʥʪʦʚ (D-ʧʣʘʟʤʠʜ) ʚʳʩʦʢʦʡ ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʳ. ʊʘʢʠʝ ʧʣʘʟʤʠʜʳ 

ʚʳʷʚʣʝʥʳ ʢʘʢ ʫ ʛʨʘʤʦʪʨʠʮʘʪʝʣʴʥʳʭ, ʪʘʢ ʠ ʫ ʛʨʘʤʧʦʣʦʞʠʪʝʣʴʥʳʭ ʙʘʢʪʝʨʠʡ 

(Chaundhry, Chapalamadugu, 1991; Shuttleworth et al., 2000; Bhatt et al., 2021). 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʥʘ D-ʧʣʘʟʤʠʜʘʭ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʛʝʥʳ, ʦʙʫʩʣʦʚʣʠʚʘʶʱʠʝ 

ʜʝʩʪʨʫʢʪʠʚʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʰʪʘʤʤʦʚ ʢ ʪʘʢʠʤ ʩʦʝʜʠʥʝʥʠʷʤ ʢʘʢ ʙʠʬʝʥʠʣ, 

ʥʘʬʪʘʣʠʥ, ʪʦʣʫʦʣ, ʙʝʥʟʦʡʥʘʷ ʢʠʩʣʦʪʘ ʠ ʠʭ ʭʣʦʨʠʨʦʚʘʥʥʳʤ ʠ 

ʛʠʜʨʦʢʩʠʣʠʨʦʚʘʥʥʳʤ ʧʨʦʠʟʚʦʜʥʳʤ (Don, Pemberton, 1981; Vandeberg et al, 

1981; In-Soon You, 1988; Chaudhry, Chapalamadugu, 1991; Zaitsev et al., 1991; 

Fetzner, Lingens, 1994; Romine et al., 1999; Tan, 1999; Shimizu et al., 2001; 

Dennis, 2005; McLeod et al., 2006; Suenaga et al., 2006; Nagata et al., 2010; 

Takeda et al., 2010; Triscari-Barberi et al., 2012; Shintani et al., 2014; Ghosal, 

Kimura et al., 2018; Willetts, 2019). 

ɺ ʥʘʩʪʦʷʱʝʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʥʘ ʥʘʣʠʯʠʝ ʚʥʝʭʨʦʤʦʩʦʤʥʳʭ ʵʣʝʤʝʥʪʦʚ 

ʙʳʣʦ ʧʨʦʩʢʨʠʥʠʨʦʚʘʥʦ 82 ʰʪʘʤʤʘ, ʦʩʫʱʝʩʪʚʣʷʶʱʠʭ ʨʘʟʣʦʞʝʥʠʝ ʙʠʬʝʥʠʣʘ ʠ 

ʜʨʫʛʠʭ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ. ɸʥʘʣʠʟ ʛʝʥʦʤʥʦʡ ɼʅʂ ʤʝʪʦʜʦʤ ʧʫʣʴʩ-

ʵʣʝʢʪʨʦʬʦʨʝʟʘ ʧʦʟʚʦʣʠʣ ʫʩʪʘʥʦʚʠʪʴ ʥʘʣʠʯʠʝ ʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʧʣʘʟʤʠʜ ʫ 

31 ʰʪʘʤʤʘ (ʨʠʩʫʥʢʠ 29ï31). 

ʐʪʘʤʤʳ-ʜʝʩʪʨʫʢʪʦʨʳ, ʥʝʩʫʱʠʝ ʧʣʘʟʤʠʜʳ, ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʠʟ ʧʦʯʚ ʩ 

ʨʘʟʣʠʯʥʳʤ ʫʨʦʚʥʝʤ ʠ ʩʧʝʢʪʨʦʤ ʟʘʛʨʷʟʥʝʥʠʷ, ʩʦ ʚʩʝʭ ʪʝʨʨʠʪʦʨʠʡ, 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʚ ʥʘʩʪʦʷʱʝʤ ʠʩʩʣʝʜʦʚʘʥʠʠ. ʀʥʪʝʨʝʩʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʫ 

ʰʪʘʤʤʦʚ, ʠʟʦʣʠʨʦʚʘʥʥʳʭ ʠʟ ʥʝʟʘʛʨʷʟʥʝʥʥʳʭ ʧʦʯʚ, ʧʣʘʟʤʠʜ ʚʳʩʦʢʦʡ 

ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʳ ʦʙʥʘʨʫʞʝʥʦ ʥʝ ʙʳʣʦ. 
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                       1     2     3     4     5    6     7    8    9     10   11   12 

         13     14    15    16   17      18   19   20      21     22     23    24     25 

ʈʠʩʫʥʦʢ 29 ï ʕʣʝʢʪʨʦʬʦʨʝʛʨʘʤʤʳ ʥʘʪʠʚʥʦʡ ɼʅʂ ʙʘʢʪʝʨʠʡ ʨʦʜʘ 

Rhodococcus: 10, 17, 18, 21 ʠ 25 ï ʤʘʨʢʝʨ ʤʦʣʝʢʫʣʷʨʥʳʭ ʤʘʩʩ Yest 

chromosomal (çBio-Radè, ʉʐɸ), 1 ï G12a, 2 ï B7a, 3 ï B7b, 4 ï P1-1,                     

5 ï P2m(1), 6 ï P2kr, 7 ï P12, 8 ï P13, 9 ï P20, 11 ï G10, 12 ï P25, 13 ï Ch625, 

14 ï Ch628, 15 ï MD1, 16 ï MD2, 19 ï KBB16, 20 ï BBL12-2, 22 ï KT112-7,  

23 ï EK7, 24 ï EK9 
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ʆʩʥʦʚʥʫʶ ʜʦʣʶ ʩʨʝʜʠ ʠʩʩʣʝʜʫʝʤʳʭ ʰʪʘʤʤʦʚ-ʜʝʩʪʨʫʢʪʦʨʦʚ, ʛʝʥʦʤ 

ʢʦʪʦʨʳʭ ʩʦʜʝʨʞʠʪ ʚʥʝʭʨʦʤʦʩʦʤʥʳʝ ʵʣʝʤʝʥʪʳ, ʩʦʩʪʘʚʣʷʣʠ ʧʨʝʜʩʪʘʚʠʪʝʣʠ 

ʨʦʜʘ Rhodococcus ï 20 ʰʪʘʤʤʦʚ (ʨʠʩʫʥʦʢ 29). ɼʘʣʝʝ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʛʨʫʧʧʫ 

ʰʪʘʤʤʦʚ ʨʦʜʘ Pseudomonas ï 7 ʰʪʘʤʤʦʚ (ʨʠʩʫʥʦʢ 30), ʠ ʝʜʠʥʠʯʥʳʝ 

ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʨʦʜʦʚ Arthrobacter (ʰʪʘʤʤ ʅ5), Microbacterium (ʰʪʘʤʤ ɺ51), 

Achromobacter (ʰʪʘʤʤ 147) ʠ Ochrobactrum (ʰʪʘʤʤ 153) (ʨʠʩʫʥʦʢ 31). 

ʋ ʰʪʘʤʤʦʚ Rhodococcus sp. G12a, B7b, P2m(1), P2kr, Ch625, BBL12-2, 

EK7 ʠ ɽʂ9 ʚʳʷʚʣʝʥʦ ʧʦ ʦʜʥʦʡ ʧʣʘʟʤʠʜʝ (ʨʠʩʫʥʦʢ 28). ɿʘ ʠʩʢʣʶʯʝʥʠʝʤ 

ʧʣʘʟʤʠʜʥʦʡ ɼʅʂ ʰʪʘʤʤʘ Rhodococcus sp. BBL12-2, ʚʥʝʭʨʦʤʦʩʦʤʥʳʝ 

ʵʣʝʤʝʥʪʳ ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʠʩʴ ʨʘʟʤʝʨʦʤ, ʙʣʠʟʢʠʤ ʢ 500 ʪ.ʧ.ʥ.. ʇʣʘʟʤʠʜʘ 

ʰʪʘʤʤʘ BBL12-2 ʚʠʟʫʘʣʠʟʠʨʫʝʪʩʷ ʥʘ ʫʨʦʚʥʝ ʤʘʨʢʝʨʥʦʡ ɼʅʂ 610 ʪ.ʧ.ʥ. 

ɼʣʷ 8 ʰʪʘʤʤʦʚ ʫʜʘʣʦʩʴ ʫʩʪʘʥʦʚʠʪʴ ʥʘʣʠʯʠʝ ʜʚʫʭ ʚʥʝʭʨʦʤʦʩʦʤʥʳʭ 

ʵʣʝʤʝʥʪʦʚ, ʧʨʠ ʵʪʦʤ ʰʪʘʤʤʳ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ 4 ʛʨʫʧʧʳ: 

1 ʛʨʫʧʧʘ ï ʰʪʘʤʤʳ Rhodococcus sp. B7a ʠ ʈ1-1, ʦʙʣʘʜʘʶʪ ʧʣʘʟʤʠʜʘʤʠ 

ʨʘʟʤʝʨʦʤ ʦʢʦʣʦ 450 ʪ.ʧ.ʥ. ʠ 285 ʪ.ʧ.ʥ.  

2 ʛʨʫʧʧʘ ï ʰʪʘʤʤʳ Rhodococcus sp. ʈ12 ʠ ʈ13, ʩʦʜʝʨʞʘʪ ʧʫʣ ɼʅʂ, 

ʨʘʩʧʦʣʦʞʝʥʥʳʡ ʤʝʞʜʫ ʤʘʨʢʝʨʥʳʤʠ ɼʅʂ ʨʘʟʤʝʨʦʤ 450 ʪ.ʧ.ʥ. ʠ 565 ʪ.ʧ.ʥ., ʘ 

ʪʘʢʞʝ ʧʣʘʟʤʠʜʥʫʶ ɼʅʂ ʨʘʟʤʝʨʦʤ 365 ʪ.ʧ.ʥ. 

3 ʛʨʫʧʧʘ ï ʰʪʘʤʤʳ Rhodococcus sp. Ch628, KBB16, KT112-7, 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʙʣʠʟʢʠʤʠ ʧʦ ʨʘʟʤʝʨʫ ʚʥʝʭʨʦʤʦʩʦʤʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ, 

ʚʠʟʫʘʣʠʟʠʨʫʶʱʠʤʠʩʷ ʚ ʨʘʡʦʥʝ ʤʘʨʢʝʨʥʦʡ ɼʅʂ ʨʘʟʤʝʨʦʤ 450 ʪ.ʧ.ʥ. 

4 ʛʨʫʧʧʘ ï ʰʪʘʤʤ Rhodococcus sp. MD8, ʧʣʘʟʤʠʜʳ ʢʦʪʦʨʦʛʦ çʣʝʛʯʝè, 

ʯʝʤ ʫ ʦʩʪʘʣʴʥʳʭ ʰʪʘʤʤʦʚ ʨʦʜʘ Rhodococcus, ʠʭ ʨʘʟʤʝʨ ʩʦʩʪʘʚʣʷʝʪ ʧʨʠʤʝʨʥʦ 

225 ʪ.ʧ.ʥ. ʠ 285 ʪ.ʧ.ʥ. 

ʇʦ ʪʨʠ ʧʣʘʟʤʠʜʥʳʭ ɼʅʂ ʚʳʷʚʣʝʥʦ ʫ ʰʪʘʤʤʦʚ Rhodococcus sp. ʈ20 

(680 ʪ.ʧ.ʥ., 480 ʪ.ʧ.ʥ., 365 ʪ.ʧ.ʥ.), Rhodococcus sp. G10 (550 ʪ.ʧ.ʥ., 260 ʪ.ʧ.ʥ., 

150 ʪ.ʧ.ʥ.) ʠ Rhodococcus sp. MD1 (500 ʪ.ʧ.ʥ., 450 ʪ.ʧ.ʥ., 350 ʪ.ʧ.ʥ.). 

ʈʘʥʝʝ ʙʳʣʦ ʫʢʘʟʘʥʦ, ʯʪʦ ʰʪʘʤʤ R. ruber P25 ʩʦʜʝʨʞʠʪ ʪʨʠ ʧʣʘʟʤʠʜʳ, 

ʨʘʟʤʝʨʦʤ 110 ʪ.ʧ.ʥ., 90 ʪ.ʧ.ʥ. ʠ 80 ʪ.ʧ.ʥ. (ʈʳʙʢʠʥʘ ɼ.ʆ., 2003). ʇʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʥʦʤ ʨʝʞʠʤʝ ʧʫʣʴʩ-ʵʣʝʢʪʨʦʬʦʨʝʟʘ ʫʜʘʣʦʩʴ ʟʘʬʠʢʩʠʨʦʚʘʪʴ ʪʦʣʴʢʦ 
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ʥʘʠʙʦʣʝʝ ʢʨʫʧʥʫʶ ʧʣʘʟʤʠʜʫ ʨʘʟʤʝʨʦʤ ʦʢʦʣʦ 110 ʪ.ʧ.ʥ. (ʨʠʩʫʥʦʢ 28). ʄʦʞʥʦ 

ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʥʦʤ ʤʝʪʦʜʝ ʧʣʘʟʤʠʜʳ ʤʝʥʴʰʝʛʦ ʨʘʟʤʝʨʘ 

ʥʝ ʚʠʟʫʘʣʠʟʠʨʫʶʪʩʷ, ʪʘʢ ʢʘʢ çʚʳʭʦʜʷʪè ʟʘ ʧʨʝʜʝʣʳ ʘʛʘʨʦʟʥʦʛʦ ʛʝʣʷ ʚ 

ʧʨʦʮʝʩʩʝ ʵʣʝʢʪʨʦʬʦʨʝʟʘ. 

ʋ ʰʪʘʤʤʦʚ Pseudomonas sp. S210, S212 ʠ VRP2-6 ʚʳʷʚʣʝʥʦ ʧʦ ʦʜʥʦʤʫ 

ʚʥʝʭʨʦʤʦʩʦʤʥʦʤʫ ʵʣʝʤʝʥʪʫ ɼʅʂ ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʦʡ ʦʢʦʣʦ 150 ʪ.ʧ.ʥ., 

110 ʪ.ʧ.ʥ. ʠ 280 ʪ.ʧ.ʥ. ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (ʨʠʩʫʥʦʢ 30).  

 

 

                                          1    2      3      4     5     6     7     8 

ʈʠʩʫʥʦʢ 30 ï ʈʝʟʫʣʴʪʘʪʳ ʧʫʣʴʩ-ʵʣʝʢʪʨʦʬʦʨʝʟʘ ɼʅʂ ʙʘʢʪʝʨʠʡ ʨʦʜʘ 

Pseudomonas: 1 ï S211, 2 ï S210, 3 ï S9, 4 ï S212, 6 ï MD8, 7 ï 134, 8 ï 

VRP2-6, 5 ï ʤʘʨʢʝʨ ʤʦʣʝʢʫʣʷʨʥʳʭ ʤʘʩʩ Yest chromosomal (çBio-Radè, ʉʐɸ) 

 

ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʫ ʦʩʪʘʣʴʥʳʭ ʙʘʢʪʝʨʠʡ ʨʦʜʘ Pseudomonas ʚʳʷʚʣʝʥʦ 

ʧʦ ʜʚʝ ʧʣʘʟʤʠʜʥʳʭ ɼʅʂ, ʧʨʦʬʠʣʴ ʥʘ ʵʣʝʢʪʨʦʬʦʨʝʛʨʘʤʤʝ ʨʘʟʣʠʯʘʝʪʩʷ 

(ʨʠʩʫʥʦʢ 30). ʋ ʰʪʘʤʤʘ S9 ʦʙʥʘʨʫʞʝʥʳ ʧʣʘʟʤʠʜʳ ʨʘʟʤʝʨʦʤ ʦʢʦʣʦ 180 ʪ.ʧ.ʥ. 

ʠ 220 ʪ.ʧ.ʥ., ʫ ʰʪʘʤʤʘ S211 ï 150 ʪ.ʧ.ʥ. ʠ 170 ʪ.ʧ.ʥ., ʫ ʰʪʘʤʤʘ MD8 ï 200 

ʪ.ʧ.ʥ. ʠ 350 ʪ.ʧ.ʥ., ʫ ʰʪʘʤʤʘ 134 ï 330 ʪ.ʧ.ʥ. ʠ 380 ʪ.ʧ.ʥ.. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʩʝ 
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ʰʪʘʤʤʳ ʨʦʜʘ Pseudomonas ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʠʩʴ ʫʥʠʢʘʣʴʥʳʤ ʥʘʙʦʨʦʤ 

ʚʥʝʭʨʦʤʦʩʦʤʥʳʭ ʵʣʝʤʝʥʪʦʚ. 

ʋ ʰʪʘʤʤʦʚ Achromobacter sp. 147, Ohrobactrum sp. 153 ʥʘ 

ʭʨʦʤʘʪʦʛʨʘʤʤʝ ʚʠʟʫʘʣʠʟʠʨʫʝʪʩʷ ʧʦ ʦʜʥʦʡ ʧʣʘʟʤʠʜʝ ʨʘʟʤʝʨʦʤ ʦʢʦʣʦ 

680 ʪ.ʧ.ʥ. ʠ 1100 ʪ.ʧ.ʥ. ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (ʨʠʩʫʥʦʢ 31). ʇʨʠʤʝʥʝʥʥʳʡ ʤʝʪʦʜ 

ʧʫʣʴʩ-ʵʣʝʢʪʨʦʬʦʨʝʟʘ ʧʦʟʚʦʣʠʣ ʚʳʷʚʠʪʴ ʚ ʛʝʥʦʤʝ ʰʪʘʤʤʘ M. oxydans B51 ʜʚʘ 

ʚʥʝʭʨʦʤʦʩʦʤʥʳʭ ʵʣʝʤʝʥʪʘ ʨʘʟʤʝʨʦʤ 610 ʪ.ʧ.ʥ. ʠ 550 ʪ.ʧ.ʥ., ʠ ʚ ʛʝʥʦʤʝ 

ʰʪʘʤʤʘ Arthrobacter sp. ʅ5 ï ʦʜʥʫ ʧʣʘʟʤʠʜʫ ʨʘʟʤʝʨʦʤ ʦʢʦʣʦ 150 ʪ.ʧ.ʥ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʜʨʫʛʠʭ ʤʝʪʦʜʦʚ ʚʳʜʝʣʝʥʠʷ ʧʣʘʟʤʠʜʥʦʡ ɼʅʂ (ʩʤ. ʨʘʟʜʝʣ 2.10) 

ʥʝ ʜʘʚʘʣʦ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʨʝʟʫʣʴʪʘʪʘ ʧʨʠ ʘʥʘʣʠʟʝ ʜʘʥʥʳʭ ʰʪʘʤʤʦʚ. 

 

                                              1    2           1    2    3    4  

ʈʠʩʫʥʦʢ 31 ï ʕʣʝʢʪʨʦʬʦʨʝʛʨʘʤʤʘ ʧʣʘʟʤʠʜʥʳʭ ɼʅʂ: ʘ ï ʤʘʨʢʝʨ 

ʤʦʣʝʢʫʣʷʨʥʳʭ ʤʘʩʩ Yest chromosomal (çBio-Radè, ʉʐɸ) (1), ʰʪʘʤʤʘ 

M. oxydans B51 (2), ʙ ï ʰʪʘʤʤʦʚ Achromobacter sp. 147 (1), Ohrobactrum sp. 

153 (2) ʠ Arthrobacter sp. ʅ5 (3), ʤʘʨʢʝʨ ʤʦʣʝʢʫʣʷʨʥʳʭ ʤʘʩʩ Yest 

chromosomal (çBio-Radè, ʉʐɸ) (4) 

ʇʨʠʩʫʪʩʪʚʠʝ ʧʣʘʟʤʠʜ ʙʦʣʴʰʦʛʦ ʨʘʟʤʝʨʘ ʚ ʢʣʝʪʢʘʭ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ 

ʰʪʘʤʤʦʚ-ʜʝʩʪʨʫʢʪʦʨʦʚ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʧʨʠʥʘʜʣʝʞʘʱʠʭ ʨʦʜʘʤ 
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Arthrobacter, Pseudomonas ʠ Rhodococcus (Schmitz et al., 1992; McLeod et al., 

2006; Triscari-Barberi et al., 2012). ʈʘʟʤʝʨʳ ʚʳʷʚʣʝʥʥʳʭ ʧʣʘʟʤʠʜ ʫ 

ʠʩʩʣʝʜʫʝʤʳʭ ʰʪʘʤʤʦʚ ʩʦʧʦʩʪʘʚʠʤʳ ʧʦ ʨʘʟʤʝʨʘʤ ʩ ʧʣʘʟʤʠʜʥʳʤʠ ɼʅʂ 

ʰʪʘʤʤʦʚ, ʦʩʫʱʝʩʪʚʣʷʶʱʠʭ ʨʘʟʣʦʞʝʥʠʝ ʪʘʢʠʭ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ, 

ʢʘʢ ʥʘʬʪʘʣʠʥ, ʙʠʬʝʥʠʣ/ʇʍɹ, ʢʘʪʝʭʦʣ/ʭʣʦʨʢʘʪʝʭʦʣ, ʪʦʣʫʦʣ, ʭʣʦʨʙʝʥʟʦʡʥʳʝ 

ʢʠʩʣʦʪʳ ʠ ʨʷʜ ʜʨʫʛʠʭ ʩʦʝʜʠʥʝʥʠʡ (Ghosal, In-Soon You, 1988; Chaudhry, 

Chapalamadugu, 1991; Fetzner, Lingens, 1994; McLeod et al., 2006; Suenaga et 

al., 2006; Takeda et al., 2010; Triscari-Barberi et al., 2012; Shintani et al., 2014; 

Kimura et al., 2018). ʀʟʚʝʩʪʥʦ, ʯʪʦ ʛʝʥʳ ʜʝʩʪʨʫʢʮʠʠ ʇʍɹ ʫ ʰʪʘʤʤʘ R. jostii 

RHA1 ʣʦʢʘʣʠʟʦʚʘʥʳ ʚ ʧʣʘʟʤʠʜʘʭ pRHL1 ʠ pRHL2 (1100 ʪ.ʧ.ʥ. ʠ 450 ʪ.ʧ.ʥ. 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ), ʫ ʰʪʘʤʤʘ Rhodococcus sp. DK17 ʥʘ ʧʣʘʟʤʠʜʝ 330 ʪ.ʧ.ʥ., ʘ ʫ 

ʰʪʘʤʤʘ Achromobacter sp. B-218 ʥʘ ʧʣʘʟʤʠʜʝ ʨʘʟʤʝʨʦʤ 76 ʪ.ʧ.ʥ. (Shimizu et 

al., 2001; Ilori  et al., 2015). ɻʝʥʳ, ʦʪʚʝʪʩʪʚʝʥʥʳʝ ʟʘ ʨʘʟʣʦʞʝʥʠʝ 

ʭʣʦʨʢʘʪʝʭʦʣʦʚ, ʰʪʘʤʤʘ Rhodococcus opacus 1CP ʨʘʩʧʦʣʦʞʝʥʳ ʥʘ ʧʣʘʟʤʠʜʝ 

ʨʘʟʤʝʨʦʤ 740 ʪ.ʧ.ʥ. (Konig et al., 2004). ʋ ʰʪʘʤʤʘ Rhodococcus aetherivorans 

I24 ʛʝʥʳ, ʢʦʜʠʨʫʶʱʠʝ ʪʦʣʫʦʣ ʜʠʦʢʩʠʛʝʥʘʟʫ, ʣʦʢʘʣʠʟʦʚʘʥʳ ʥʘ ʧʣʘʟʤʠʜʝ 

ʨʘʟʤʝʨʦʤ 340 ʪ.ʧ.ʥ. (Priefert et al., 2004). ʐʪʘʤʤ Arthrobacter globiformis ʂɿʊ-

1, ʦʩʫʱʝʩʪʚʣʷʶʱʠʡ ʛʠʜʨʦʣʠʪʠʯʝʩʢʦʝ ʜʝʛʘʣʦʛʝʥʠʨʦʚʘʥʠʝ 4-ʍɹʂ, ʩʦʜʝʨʞʠʪ 

ʧʣʘʟʤʠʜʫ 110 ʪ.ʧ.ʥ. (Zaitsev et al., 1991). ʀʟʚʝʩʪʥʳʡ ʜʝʩʪʨʫʢʪʦʨ 

3-ʭʣʦʨʙʝʥʟʦʡʥʦʡ ʢʠʩʣʦʪʳ ʰʪʘʤʤ Pseudomonas sp. B13 ʩʦʜʝʨʞʠʪ ʧʣʘʟʤʠʜʫ 

111 ʪ.ʧ.ʥ., ʥʘ ʢʦʪʦʨʦʡ ʨʘʩʧʦʣʦʞʝʥʳ ʛʝʥʳ ʥʘʯʘʣʴʥʦʡ ʘʪʘʢʠ 3-ʍɹʂ (Chaudhry, 

Chapalamadugu, 1991). ʇʣʘʟʤʠʜʘ pJP4 (80 ʪ.ʧ.ʥ.) ʰʪʘʤʤʘ Alcaligenes eutrophus 

JMP134 ʩʦʜʝʨʞʠʪ ʪʨʠ ʛʝʥʘ, ʦʪʚʝʪʩʪʚʝʥʥʳʭ ʟʘ ʨʘʟʣʦʞʝʥʠʝ ʢʘʪʝʭʦʣʘ ʜʦ 

ʩʦʝʜʠʥʝʥʠʡ ʦʩʥʦʚʥʦʛʦ ʦʙʤʝʥʘ ʢʣʝʪʢʠ (Ghosal, In-Soon You, 1988).  

ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʫ 

ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʥʘʤʠ ʰʪʘʤʤʦʚ ʛʝʥʳ, ʢʦʥʪʨʦʣʠʨʫʶʱʠʝ ʨʘʟʣʦʞʝʥʠʝ ʇʍɹ ʠ ʝʛʦ 

ʦʩʥʦʚʥʳʭ ʤʝʪʘʙʦʣʠʪʦʚ, ʤʦʛʫʪ ʠʤʝʪʴ ʧʣʘʟʤʠʜʥʫʶ ʣʦʢʘʣʠʟʘʮʠʶ. 
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4.2. ʈʘʟʥʦʦʙʨʘʟʠʝ Ŭ-ʩʫʙʲʝʜʠʥʠʮʳ ʙʠʬʝʥʠʣ 2,3-ʜʠʦʢʩʠʛʝʥʘʟʳ, 

ʢʦʥʪʨʦʣʠʨʫʶʱʝʡ ʧʝʨʚʳʡ ʵʪʘʧ ʦʢʠʩʣʝʥʠʷ ʙʠʬʝʥʠʣʘ/ʇʍɹ, ʫ ʰʪʘʤʤʦʚ 

ʨʦʜʦʚ Pseudomonas ʠ Rhodococcus 

ɹʠʬʝʥʠʣ 2,3-ʜʠʦʢʩʠʛʝʥʘʟʘ ʷʚʣʷʝʪʩʷ ʧʝʨʚʳʤ ʬʝʨʤʝʥʪʦʤ, 

ʦʩʫʱʝʩʪʚʣʷʶʱʠʤ ʦʢʠʩʣʝʥʠʝ ʙʠʬʝʥʠʣʘ ʠ ʝʛʦ ʧʨʦʠʟʚʦʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. 

ɸʢʪʠʚʥʳʡ ʮʝʥʪʨ ʬʝʨʤʝʥʪʘ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʥʘ Ŭ-ʩʫʙʲʝʜʠʥʠʮʝ. ʂʘʢ ʙʳʣʦ 

ʧʦʢʘʟʘʥʦ ʚ ʙʦʣʝʝ ʨʘʥʥʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ, ʩʧʝʢʪʨ ʫʪʠʣʠʟʠʨʫʝʤʳʭ ʩʦʝʜʠʥʝʥʠʡ 

ʟʘʚʠʩʠʪ ʦʪ ʦʩʦʙʝʥʥʦʩʪʝʡ ʩʪʨʦʝʥʠʷ Ŭ-ʩʫʙʲʝʜʠʥʠʮʳ ʙʠʬʝʥʠʣ 2,3-ʜʠʦʢʩʠʛʝʥʘʟʳ 

(Gibson, Parales, 2000; Pieper, 2005). 

ʇʨʦʚʝʜʝʥʘ ʘʤʧʣʠʬʠʢʘʮʠʷ ʛʝʥʘ bphA1, ʢʦʜʠʨʫʶʱʝʛʦ Ŭ-ʩʫʙʲʝʜʠʥʠʮʫ 

ʙʠʬʝʥʠʣ 2,3-ʜʠʦʢʩʠʛʝʥʘʟʳ, ʫ ʰʪʘʤʤʦʚ-ʜʝʩʪʨʫʢʪʦʨʦʚ ʨʦʜʦʚ Pseudomonas ʠ 

Rhodococcus. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʜʙʦʨʘ ʧʨʘʡʤʝʨʦʚ ʠ ʠʭ ʢʦʤʙʠʥʠʨʦʚʘʥʠʷ 

(ʪʘʙʣʠʮʘ 3), ʫʜʘʣʦʩʴ ʘʤʧʣʠʬʠʮʠʨʦʚʘʪʴ ʬʨʘʛʤʝʥʪ rʛʝʥʘ bphA1 ʫ 31 ʰʪʘʤʤʘ 

(ʠʟ 69 ʘʢʪʠʚʥʳʭ ʰʪʘʤʤʦʚ-ʜʝʩʪʨʫʢʪʦʨʦʚ ʙʠʬʝʥʠʣʘ) ï 7 ʰʪʘʤʤʦʚ ʨʦʜʘ 

Pseudomonas (S9, S13, S210, S211, S212, VRP2-2, VRP2-6) ʠ 24 ʰʪʘʤʤʘ ʨʦʜʘ 

Rhodococcus (ʈ1, ʈ12, ʈ13, ʈ20, P23a, ʈ25, P2m, P2(51), P2kr, G10, G12a, 

B106a, B7b, KT112-7, S9a, EK7, EK10, EK11, CH625,BP9-1, BP9-2, BP9-4, 

BP9-7, BP9-8).  

 

4.2.1. ɸʥʘʣʠʟ Ŭ-ʩʫʙʲʝʜʠʥʠʮʳ ʙʠʬʝʥʠʣ 2,3-ʜʠʦʢʩʠʛʝʥʘʟʳ ʫ ʰʪʘʤʤʦʚ 

ʨʦʜʘ Pseudomonas 

ʉʝʢʚʝʥʠʨʦʚʘʥʠʝ ʠ ʧʦʩʣʝʜʫʶʱʠʡ ʘʥʘʣʠʟ ʥʫʢʣʝʦʪʠʜʥʳʭ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʘʤʧʣʠʬʠʮʠʨʦʚʘʥʥʳʭ ʫʯʘʩʪʢʦʚ ʛʝʥʦʚ ʩ ɼʅʂ ʰʪʘʤʤʦʚ 

ʨʦʜʘ Pseudomonas ʚʳʷʚʠʣ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʩʭʦʜʩʪʚʘ ʩ ʛʦʤʦʣʦʛʠʯʥʳʤʠ 

ʛʝʥʘʤʠ ʰʪʘʤʤʦʚ-ʜʝʩʪʨʫʢʪʦʨʦʚ ʇʍɹ ʨʦʜʦʚ Achromobacter, Burkholderia ʠ 

Pseudomonas (ʪʘʙʣʠʮʘ 7). ʅʘʠʙʦʣʝʝ ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ (99.1ï100%) ʚʳʷʚʣʝʥʳ 

ʧʨʠ ʩʨʘʚʥʝʥʠʠ ʘʤʧʣʠʬʠʮʠʨʦʚʘʥʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʩ ʥʫʢʣʝʦʪʠʜʥʳʤʠ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʤʠ ʛʝʥʦʚ bphA1 ʰʪʘʤʤʦʚ-ʜʝʩʪʨʫʢʪʦʨʦʚ ʇʍɹ 

Pseudomonas sp. B4 ʠ Achromobacter sp. BP3 (Rodarie, Jouanneau, 2001; Hong 

et al., 2009).  
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ʊʘʙʣʠʮʘ 7 ï ɸʥʘʣʠʟ ʛʝʥʦʚ bphA1 ʠʩʩʣʝʜʫʝʤʳʭ ʰʪʘʤʤʦʚ ʨʦʜʘ 

Pseudomonas  

ʐʪʘʤʤ, ʨʘʟʤʝʨ 

ʘʥʘʣʠʟʠʨʫʝʤʦʛʦ 

ʬʨʘʛʤʝʥʪʘ (ʧ.ʥ.), 

ʥʦʤʝʨ ʚ GenBank 

ʈʝʬʝʨʝʥʩʥʳʡ ʰʪʘʤʤ, 

ʛʦʤʦʣʦʛʠʯʥʳʡ ʛʝʥ, 

ʥʦʤʝʨ ʚ GenBank 

ʉʭʦʜʩʪʚʦ, 

% 

ʉʩʳʣʢʘ 

Pseudomonas sp. S9, 

497 ʧ.ʥ. 

Achromobacter sp. BP3, bphA1, 

EU812171.1 

100 Hong et al., 2009 

 Pseudomonas sp. B4, bphA1, 

AJ251217.1 

99.6 Rodarie, 

Jouanneau, 2001 

 Burkholderia xenovorans 

LB400, bphA, M86348.1 

97.8 Chain et al., 2006 

Pseudomonas sp. S13, 

464 ʧ.ʥ., FJ752168 

Achromobacter sp. BP3, bphA1, 

EU812171.1 

99.6 Hong et al., 2009 

 Pseudomonas sp. B4, bphA1, 

AJ251217.1 

99.1 Rodarie, 

Jouanneau, 2001 

 Burkholderia xenovorans 

LB400, bphA, M86348.1 

97.6 Chain et al., 2006 

Pseudomonas sp. 

S210, 879 ʧ.ʥ., 

ʂʈ972449 

Achromobacter sp. BP3, bphA1, 

EU812171.1 

100 Hong et al., 2009 

Pseudomonas sp. B4, bphA1, 

AJ251217.1 

99.8 Rodarie, 

Jouanneau, 2001 

 Burkholderia xenovorans 

LB400, bphA, M86348.1 

98.7 Chain et al., 2006 

Pseudomonas sp. 

S211, 828 ʧ.ʥ., 

ʂʉ832468 

Achromobacter sp. BP3, bphA1, 

EU812171.1 

100 Hong et al., 2009 

Pseudomonas sp. B4, bphA1, 

AJ251217.1 

99.8 Rodarie, 

Jouanneau, 2001 

 Burkholderia xenovorans 

LB400, bphA, M86348.1 

98.8 Chain et al., 2006 

Pseudomonas sp. 

S212, 856 ʧ.ʥ., 

ʂʈ972450 

Achromobacter sp. BP3, bphA1, 

EU812171.1 

100 Hong et al., 2009 

Pseudomonas sp. B4, bphA1, 

AJ251217.1 

99.8 Rodarie, 

Jouanneau, 2001 

 Burkholderia xenovorans 

LB400, bphA, M86348.1 

98.7 Chain et al., 2006 

Pseudomonas sp. 

VRP2-2, 453 ʧ.ʥ. 

Pseudomonas putida B6-2, 

bphɸ1; CP015202.1 

97.3 Li et al., 2009 

 Pseudomonas sp. B3B, bphɸ1; 
AJ544517.1 

97.1 Kahl, Hofer, 2003 

 Pseudomonas sp. B6K, bphɸ1; 

AJ544520.2; 

93.0 Kahl, Hofer, 2003 

Pseudomonas sp. 

VRP2-6, 453 ʧ.ʥ. 

Pseudomonas putida B6-2, 

bphɸ1; CP015202.1 

97.3 Li et al., 2009 

 Pseudomonas sp. B3B, bphɸ1; 

AJ544517.1 

97.1 Kahl, Hofer, 2003 

 Pseudomonas sp. B6K, bphɸ1; 

AJ544520.2; 

93.0 Kahl, Hofer, 2003 
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ʀʩʢʣʶʯʝʥʠʝ ʩʦʩʪʘʚʣʷʶʪ ʘʤʧʣʠʬʠʮʠʨʦʚʘʥʥʳʝ ʫʯʘʩʪʢʠ ɼʅʂ ʰʪʘʤʤʦʚ 

Pseudomonas sp. VRP2-2 ʠ Pseudomonas sp. VRP2-6 (ʪʘʙʣʠʮʘ 7). ʋʨʦʚʥʠ 

ʩʭʦʜʩʪʚʘ bphA1-ʛʝʥʦʚ ʰʪʘʤʤʦʚ VRP2-2 ʠ VRP2-6 ʩ ʪʘʢʦʚʳʤʠ ʛʝʥʘʤʠ 

ʰʪʘʤʤʦʚ P. putida B6-2 ʠ Pseudomonas sp. B3B ʩʦʩʪʘʚʣʷʶʪ 97.3% ʠ 97.1%, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (ʪʘʙʣʠʮʘ 7) (Kahl, Hofer, 2003, Li  et al., 2009). ʀʟʚʝʩʪʥʦ, ʯʪʦ 

ʰʪʘʤʤ P. putida B6-2 - ʜʝʩʪʨʫʢʪʦʨ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʘ ʚ ʝʛʦ ʛʝʥʦʤʝ 

ʩʦʜʝʨʞʠʪʩʷ ñʢʣʘʩʩʠʯʝʩʢʠʡò ʢʣʘʩʪʝʨ bph-ʛʝʥʦʚ (bphABCKHJID) ʠ ʛʝʥʳ, 

ʦʪʚʝʪʩʪʚʝʥʥʳʝ ʟʘ ʨʘʟʣʦʞʝʥʠʝ ʙʝʥʟʦʘʪʘ, ʢʘʪʝʭʦʣʘ, ʧʘʨʘ-ʛʠʜʨʦʢʩʠʙʝʥʟʦʘʪʘ ʠ 

ʩʘʣʠʮʠʣʘʪʘ (Li et al., 2009). 

bphA1ïɻʝʥʳ ʰʪʘʤʤʦʚ Pseudomonas sp. S13 ʠ Pseudomonas sp. VRP2-2 

ʣʦʢʘʣʠʟʦʚʘʥʳ ʥʘ ʭʨʦʤʦʩʦʤʝ, ʪʘʢ ʢʘʢ ʫ ʜʘʥʥʳʭ ʰʪʘʤʤʦʚ ʥʝ ʚʳʷʚʣʝʥʦ ʧʣʘʟʤʠʜ 

(ʩʤ. ʨʘʟʜʝʣ 4.1). ʀʥʪʝʨʝʩʥʳʤ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʰʪʘʤʤʳ 

Pseudomonas sp. S9, Pseudomonas sp. S210, Pseudomonas sp. S211 ʠ 

Pseudomonas sp. S212, ʚʳʜʝʣʝʥʳ ʠʟ ʧʦʯʚ ʛ. ʉʝʨʧʫʭʦʚ, ʩʦʜʝʨʞʘʪ ʧʣʘʟʤʠʜʳ 

ʙʦʣʴʰʦʡ ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʳ (ʩʤ. ʨʘʟʜʝʣ 4.1) ʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʥʘʣʠʯʠʝʤ 

bphA1ïʛʝʥʦʚ ʩ ʚʳʩʦʢʠʤ ʫʨʦʚʥʝʤ ʛʦʤʦʣʦʛʠʠ (ʪʘʙʣʠʮʘ 7). ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ 

ʧʦʟʚʦʣʷʶʪ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ bphA1ïʛʝʥʳ ʨʘʩʧʨʦʩʪʨʘʥʷʣʠʩʴ ʩʨʝʜʠ ʰʪʘʤʤʦʚ 

ʨʦʜʘ Pseudomonas ʜʘʥʥʦʛʦ ʤʠʢʨʦʙʠʦʮʝʥʦʟʘ ʚ ʨʝʟʫʣʴʪʘʪʝ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ 

ʧʝʨʝʥʦʩʘ. 

ʇʦʩʪʨʦʝʥʠʝ ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʦʛʦ ʜʝʨʝʚʘ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʬʨʘʛʤʝʥʪʘ 

ʛʝʥʘ bphA1, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʘʢʪʠʚʥʦʤʫ ʮʝʥʪʨʫ ʠ ʮʝʥʪʨʘʣʴʥʦʤʫ ʫʯʘʩʪʢʫ 

Ŭ-ʩʫʙʲʝʜʠʥʠʮʳ ʙʠʬʝʥʠʣ 2,3-ʜʠʦʢʩʠʛʝʥʘʟʳ, ʧʦʟʚʦʣʠʣʦ ʫʩʪʘʥʦʚʠʪʴ, ʯʪʦ ɺphA1 

ʰʪʘʤʤʦʚ Pseudomonas sp. S210, S211 ʠ S212 ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚ ʚʝʪʚʠ 

ʙʠʬʝʥʠʣ/ʪʦʣʫʦʣ ʜʠʦʢʩʠʛʝʥʘʟ, ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ ʛʨʘʤʦʪʨʠʮʘʪʝʣʴʥʳʭ ʰʪʘʤʤʦʚ 

(ʨʠʩʫʥʦʢ 32). 
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ʈʠʩʫʥʦʢ 32 ï ɼʝʨʝʚʦ ʩʭʦʜʩʪʚʘ ʛʝʥʦʚ Ŭ-ʩʫʙʲʝʜʠʥʠʮ ʥʝʛʝʤʦʚʳʭ 

ʛʠʜʨʦʢʩʠʣʠʨʫʶʱʠʭ ʜʠʦʢʩʠʛʝʥʘʟ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ, 

ʧʦʩʪʨʦʝʥʥʦʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ UPGMA. ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʚʝʪʚʣʝʥʠʷ 

ʦʮʝʥʠʚʘʣʠ ʥʘ ʦʩʥʦʚʘʥʠʠ çbootstrapè-ʘʥʘʣʠʟʘ 1 000 ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʜʝʨʝʚʴʝʚ. 

ɼʝʨʝʚʦ ʧʦʩʪʨʦʝʥʦ ʥʘ ʦʩʥʦʚʘʥʠʠ ʚʳʨʘʚʥʠʚʘʥʠʷ ʙʦʣʝʝ ʜʚʫʭʩʦʪ ʛʦʤʦʣʦʛʠʯʥʳʭ 

ʥʫʢʣʝʦʪʠʜʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ, ʚʢʣʶʯʘʷ ʠʩʩʣʝʜʫʝʤʳʝ ʛʝʥʳ ʠ ʨʘʥʝʝ 

ʦʧʫʙʣʠʢʦʚʘʥʥʳʝ ʥʫʢʣʝʦʪʠʜʥʳʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ, ʜʝʧʦʥʠʨʦʚʘʥʥʳʝ ʚ 

GenBank. ɼʣʷ ʫʜʦʙʩʪʚʘ ʚʦʩʧʨʠʷʪʠʷ ʧʨʠʚʝʜʝʥʳ ʦʙʦʟʥʘʯʝʥʠʷ (ʛʝʥʳ, ʥʘʟʚʘʥʠʷ 

ʰʪʘʤʤʦʚ, ʥʦʤʝʨʘ ʥʫʢʣʝʦʪʠʜʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʚ GenBank) ʥʘʠʙʦʣʝʝ 

ʠʟʚʝʩʪʥʳʭ ʙʘʢʪʝʨʠʡ ʜʝʩʪʨʫʢʪʦʨʦʚ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ. ʉʦʢʨʘʱʝʥʠʷ: 

ɹ/ʊɼʆ ï ʙʠʬʝʥʠʣ/ʪʦʣʫʦʣ ʜʠʦʢʩʠʛʝʥʘʟʳ, ʌʇɼʆ ï ʬʝʥʠʣʧʨʦʧʠʦʥʘʪ 

ʜʠʦʢʩʠʛʝʥʘʟʳ, ʅɼʆ ï ʥʘʬʪʘʣʠʥ ʜʠʦʢʩʠʛʝʥʘʟʳ, ɹɼʆ ï ʙʠʬʝʥʠʣ ʜʠʦʢʩʠʛʝʥʘʟʳ, 

ɹʝʥʟʦʘʪɼʆ ï ʙʝʥʟʦʘʪ ʜʠʦʢʩʠʛʝʥʘʟʳ, (ɻ+) ï ʛʨʘʤʧʦʣʦʞʠʪʝʣʴʥʳʝ ʙʘʢʪʝʨʠʠ,              

(ɻ-) ï ʛʨʘʤʦʪʨʠʮʘʪʝʣʴʥʳʝ ʙʘʢʪʝʨʠʠ 
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ʅʘ ʦʩʥʦʚʘʥʠʠ ʜʘʥʥʳʭ ʦ ʥʫʢʣʝʦʪʠʜʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ 

ʘʤʧʣʠʬʠʮʠʨʦʚʘʥʥʳʭ ʬʨʘʛʤʝʥʪʦʚ bphA1 ʛʝʥʦʚ ʰʪʘʤʤʦʚ Pseudomonas sp. S9, 

S13, S210, S211 ʠ S212 ʧʦʣʫʯʝʥʳ ʜʝʜʫʢʪʠʚʥʳʝ ʘʤʠʥʦʢʠʩʣʦʪʥʳʝ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ ʩʦʙʦʡ ʧʝʨʚʠʯʥʫʶ ʩʪʨʫʢʪʫʨʫ 

Ŭ-ʩʫʙʲʝʜʠʥʠʮʳ ʙʠʬʝʥʠʣ 2,3-ʜʠʦʢʩʠʛʝʥʘʟʳ. ʉʨʘʚʥʝʥʠʝ ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʘʢʪʠʚʥʳʭ ʮʝʥʪʨʦʚ bphA1 ʛʝʥʦʚ ʠʩʩʣʝʜʫʝʤʳʭ ʰʪʘʤʤʦʚ 

ʧʦʢʘʟʘʣʦ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʩʭʦʜʩʪʚʘ ʩ ʘʢʪʠʚʥʳʤʠ ʮʝʥʪʨʘʤʠ Ŭ-ʩʫʙʲʝʜʠʥʠʮʳ 

ʙʠʬʝʥʠʣ 2,3-ʜʠʦʢʩʠʛʝʥʘʟʳ ʩʝʤʝʡʩʪʚʘ ʙʠʬʝʥʠʣ/ʪʦʣʫʦʣ ʜʠʦʢʩʠʛʝʥʘʟ ʰʪʘʤʤʦʚ 

ʨʦʜʘ Pseudomonas, ʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʠʟʚʝʩʪʥʳʭ ʜʝʩʪʨʫʢʪʦʨʦʚ ʙʠʬʝʥʠʣʘ/ʇʍɹ 

P. pseudoalcaligenes KF707 ʠ B. xenovorans LB400 (ʨʠʩʫʥʦʢ 33).  

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʩʫʙʩʪʨʘʪʥʦʡ ʩʧʝʮʠʬʠʯʥʦʩʪʠ ʙʠʬʝʥʠʣ 

ʜʠʦʢʩʠʛʝʥʘʟ ʛʨʘʤʦʪʨʠʮʘʪʝʣʴʥʳʭ ʰʪʘʤʤʦʚ ʚʝʜʫʱʫʶ ʨʦʣʴ ʠʛʨʘʶʪ 

ʘʤʠʥʦʢʠʩʣʦʪʥʳʝ ʦʩʪʘʪʢʠ ʚ ʧʦʟʠʮʠʷʭ 336 ʠ 377 (ʠʩʧʦʣʴʟʦʚʘʥʘ ʥʫʤʝʨʘʮʠʷ 

ʘʤʠʥʦʢʠʩʣʦʪʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ, ʧʨʠʥʷʪʘʷ ʜʣʷ Ŭ-ʩʫʙʲʝʜʠʥʠʮʳ ɹɼʆ 

ʰʪʘʤʤʘ B. xenovorans LB400, ɹɼʆLB400) (Suenaga et al., 2002). ɺ ʩʣʫʯʘʝ, ʝʩʣʠ 

ʰʪʘʤʤ ʩʧʦʩʦʙʝʥ ʦʢʠʩʣʷʪʴ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʇʍɹ, ʩʭʦʜʥʳʡ ʩʦ ʩʧʝʢʪʨʦʤ 

ʰʪʘʤʤʘ B. xenovorans LB400, ʚ ʘʢʪʠʚʥʦʤ ʮʝʥʪʨʝ ʬʝʨʤʝʥʪʘ ʚ ʧʦʟʠʮʠʠ 

336 ʩʪʦʠʪ ʦʩʪʘʪʦʢ Phe, ʘ ʚ ʧʦʟʠʮʠʠ 377 ï ʦʩʪʘʪʦʢ Asn.  
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ʈʠʩʫʥʦʢ 33 ï ɺʳʨʘʚʥʠʚʘʥʠʝ ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ 

Ŭ-ʩʫʙʲʝʜʠʥʠʮ ʙʠʬʝʥʠʣ 2,3- ʜʠʦʢʩʠʛʝʥʘʟ ʠ Ŭ-ʩʫʙʲʝʜʠʥʠʮ ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʠ 

ʙʣʠʟʢʠʭ ʜʠʦʢʩʠʛʝʥʘʟ. ʅʦʤʝʨʘ GenBank, UniProtKB/Swiss-Prot ʨʘʥʝʝ 

ʦʧʫʙʣʠʢʦʚʘʥʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʫʢʘʟʘʥʳ ʚ ʢʦʥʮʝ ʚʳʨʘʚʥʠʚʘʥʠʷ. Ŭ-

ʉʧʠʨʘʣʠ (ʧʨʷʤʦʫʛʦʣʴʥʠʢʠ) ʠ ɓ-ʪʷʞʠ (ʩʪʨʝʣʢʠ) ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʵʣʝʤʝʥʪʘʤ 

ʚʪʦʨʠʯʥʦʡ ʩʪʨʫʢʪʫʨʳ Ŭ-ʩʫʙʲʝʜʠʥʠʮ ɹɼʆLB400, ɹɼʆKF707 ʠ ɹɼʆRHA1 (Furusava 

et al., 2004). ʊʦʣʩʪʳʤʠ ʯʝʨʥʳʤʠ ʣʠʥʠʷʤʠ ʦʙʚʝʜʝʥʳ ʘʤʠʥʦʢʠʩʣʦʪʥʳʝ ʦʩʪʘʪʢʠ, 

ʧʦ ʜʘʥʥʳʤ Y. Furusava ʩ ʩʦʘʚʪ. (Furusava et al., 2004), ʬʦʨʤʠʨʫʶʱʠʝ 

ʢʘʪʘʣʠʪʠʯʝʩʢʠʡ ʢʘʨʤʘʥ ɹɼʆLB400, ɹɼʆKF707 ʠ ɹɼʆRHA1, ʘ ʪʦʣʩʪʳʤʠ ʢʨʘʩʥʳʤʠ 

ʣʠʥʠʷʤʠ ï ʦʩʪʘʪʢʠ, ʢʦʦʨʜʠʥʠʨʫʶʱʠʝ ʤʦʥʦʥʫʢʣʝʘʨʥʦʝ ʞʝʣʝʟʦ. 

ɸʤʠʥʦʢʠʩʣʦʪʥʳʝ ʦʩʪʘʪʢʠ, ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʝ ʩ 

ʩʫʙʩʪʨʘʪʦʤ, ʦʙʚʝʜʝʥʳ ʪʦʥʢʠʤʠ ʣʠʥʠʷʤʠ, ʘ ʠʭ ʧʦʟʠʮʠʠ ʦʪʤʝʯʝʥʳ 

ʩʣʝʜʫʶʱʠʤʠ ʩʠʤʚʦʣʘʤʠ: ʢʚʘʜʨʘʪʦʤ (ʥʘʭʦʜʷʪʩʷ ʚ ʜʘʥʥʦʡ ʧʦʟʠʮʠʠ ʚʦ ʚʩʝʭ 

ʨʝʬʝʨʝʥʩʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʭ), ʪʨʝʫʛʦʣʴʥʠʢʦʤ (ʪʦʣʴʢʦ ʚ BphALB400 ʠ 

BphAKF707), ʨʦʤʙʦʤ (ʪʦʣʴʢʦ ʚ BphA1TA421 ʠ BphA1HA99). ɿʚʝʟʜʦʯʢʘʤʠ ʥʘʜ 

ʚʳʨʘʚʥʠʚʘʥʠʝʤ ʦʪʤʝʯʝʥʳ ʦʩʪʘʪʢʠ, ʟʘʤʝʥʳ ʢʦʪʦʨʳʭ ʚʣʠʷʶʪ ʥʘ ʩʫʙʩʪʨʘʪʥʫʶ 

ʩʧʝʮʠʬʠʯʥʦʩʪʴ ɹɼʆ (Furusava et al., 2004). ʇʨʠʚʝʜʝʥʳ ʧʦʟʠʮʠʠ ʦʩʪʘʪʢʦʚ 

(ʩʦʛʣʘʩʥʦ ʥʫʤʝʨʘʮʠʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ Ŭ-ʩʫʙʲʝʜʠʥʠʮʳ ɹɼʆLB400), 

ʢʨʠʪʠʯʥʳʭ ʜʣʷ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʬʝʨʤʝʥʪʘ 
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ʋ ʠʩʩʣʝʜʫʝʤʳʭ ʚ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʰʪʘʤʤʦʚ ʨʦʜʘ Pseudomonas ʚ 

ʧʦʟʠʮʠʠ 336 ʘʢʪʠʚʥʦʛʦ ʮʝʥʪʨʘ ɹɼʆ ʨʘʩʧʦʣʦʞʝʥ ʦʩʪʘʪʦʢ Ile, ʘ ʚ ʧʦʟʠʮʠʠ 377 ï 

ʦʩʪʘʪʦʢ Thr, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʝʨʚʠʯʥʦʡ ʩʪʨʫʢʪʫʨʝ ʘʢʪʠʚʥʦʛʦ ʮʝʥʪʨʘ Ŭ-

ʩʫʙʲʝʜʠʥʠʮʳ ʙʠʬʝʥʠʣ 2,3-ʜʠʦʢʩʠʛʝʥʘʟʳ ʰʪʘʤʤʘ P. pseudoalcaligenes KF707. 

ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʧʦ ʘʢʪʠʚʥʦʩʪʠ ʰʪʘʤʤʦʚ Pseudomonas sp. S9, S13, S210, 

S211 ʠ S212 ʢ ʠʥʜʠʚʠʜʫʘʣʴʥʳʤ ʢʦʥʛʝʥʝʨʘʤ ʭʣʦʨʙʠʬʝʥʠʣʦʚ (ʩʤ. ʛʣʘʚʘ 4) 

ʧʦʟʚʦʣʷʶʪ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʨʘʟʣʠʯʠʷ ʧʦ ʘʤʠʥʦʢʠʩʣʦʪʥʳʤ 

ʦʩʪʘʪʢʘʤ ʚ ʧʦʟʠʮʠʷʭ 277 ʠ 283 ʚ BphA1, ʩʧʝʢʪʨ ʨʘʟʣʘʛʘʝʤʳʭ ʠʤʠ ʇʍɹ ʙʣʠʟʦʢ 

ʢ ʪʘʢʦʚʦʤʫ ʰʪʘʤʤʘ P. pseudoalcaligenes KF707 (Suenaga et al., 2002). 

 

4.2.2. ɸʥʘʣʠʟ Ŭ-ʩʫʙʲʝʜʠʥʠʮʳ ʙʠʬʝʥʠʣ 2,3-ʜʠʦʢʩʠʛʝʥʘʟʳ ʫ ʰʪʘʤʤʦʚ 

ʨʦʜʘ Rhodococcus 

ɸʥʘʣʠʟ ʥʫʢʣʝʦʪʠʜʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʘʤʧʣʠʬʠʮʠʨʦʚʘʥʥʳʭ 

ʫʯʘʩʪʢʦʚ ʛʝʥʦʚ ʩ ʪʦʪʘʣʴʥʦʡ ɼʅʂ ʰʪʘʤʤʦʚ ʨʦʜʘ Rhodococcus ʧʦʢʘʟʘʣ, ʯʪʦ 

ʘʤʧʣʠʬʠʮʠʨʦʚʘʥʥʳʝ ʛʝʥʳ bphA1 ʧʨʠʥʘʜʣʝʞʘʪ ʨʘʟʥʳʤ ʩʝʤʝʡʩʪʚʘʤ 

ʜʠʦʢʩʠʛʝʥʘʟ: ʙʠʬʝʥʠʣ ʜʠʦʢʩʠʛʝʥʘʟʳ (ɹɼʆ), ʙʠʬʝʥʠʣ/ʪʦʣʫʦʣ ʜʠʦʢʩʠʛʝʥʘʟʳ 

(ɹ/ʊ ɼʆ) ʠ ʬʝʥʠʣ ʧʨʦʧʠʦʥʘʪ ʜʠʦʢʩʠʛʝʥʘʟʳ (ʌʇɼʆ) (ʨʠʩʫʥʦʢ 32). 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʛʝʥʳ bphA1 ʰʪʘʤʤʦʚ Rhodococcus erythropolis B7b, 

B106a, G12a ʠ P2kr ʠʤʝʶʪ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʩʭʦʜʩʪʚʘ (99.5ï100%) 

ʩ ʛʦʤʦʣʦʛʠʯʥʳʤʠ ʛʝʥʘʤʠ bphA ʰʪʘʤʤʦʚ-ʜʝʩʪʨʫʢʪʦʨʦʚ ʙʠʬʝʥʠʣʘ Rhodococcus 

erythropolis TA431, Rhodococcus rhodochrous K37, Rhodococcus sp. R04 ʠ 

HA99 ʠ ʚʭʦʜʷʪ ʚ ʩʝʤʝʡʩʪʚʦ ɹɼʆ, ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʷʩʴ ʦʪ ʛʝʥʦʚ ʩʝʤʝʡʩʪʚʘ 

ɹ/ʊ ɼʆ (ʪʘʙʣʠʮʘ 8, ʨʠʩʫʥʦʢ 32) (Taguchi et al. 2007; Yang et al., 2007; Yang et 

al., 2011). ʄʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʭʨʦʤʦʩʦʤʘʣʴʥʘʷ ʣʦʢʘʣʠʟʘʮʠʷ ʛʝʥʦʚ 

ʭʘʨʘʢʪʝʨʥʘ ʪʦʣʴʢʦ ʜʣʷ ʰʪʘʤʤʘ Rhodococcus erythropolis B106a, ʪʘʢ ʢʘʢ 

ʫ ʦʩʪʘʣʴʥʳʭ ʰʪʘʤʤʦʚ ʜʘʥʥʦʡ ʛʨʫʧʧʳ ʚʳʷʚʣʝʥʳ ʧʣʘʟʤʠʜʳ (ʨʠʩʫʥʦʢ 29). 

ʂʣʘʩʩʠʯʝʩʢʠʝ ʛʝʥʳ ʩʝʤʝʡʩʪʚʘ ʙʠʬʝʥʠʣ/ʪʦʣʫʦʣ ʜʠʦʢʩʠʛʝʥʘʟ ʚʳʷʚʣʝʥʳ ʫ 

ʰʪʘʤʤʦʚ R. wratislaviensis P1, P12, P13, P20, ʂʊ112-7, ɽʂ7, ɽʂ10, ɽʂ11 ʠ 

ʉʅ625, Rhodococcus sp. ɺʈ9-1, ɺʈ9-2, ɺʈ9-4, ɺʈ9-7, ɺʈ9-8, ʠʤʝʶʱʠʭ 

ʚʳʩʦʢʠʡ  ʫʨʦʚʝʥʴ ʩʭʦʜʩʪʚʘ ʩ bphA1 ʛʝʥʘʤʠ ʠʟʚʝʩʪʥʳʭ ʰʪʘʤʤʦʚ-ʜʝʩʪʨʫʢʪʦʨʦʚ  
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ʊʘʙʣʠʮʘ 8 ï ɸʥʘʣʠʟ ʛʝʥʦʚ bphA1 ʠʩʩʣʝʜʫʝʤʳʭ ʙʘʢʪʝʨʠʡ ʨʦʜʘ 

Rhodococcus 

ʐʪʘʤʤ, ʨʘʟʤʝʨ 

ʘʥʘʣʠʟʠʨʫʝʤʦʛʦ 

ʬʨʘʛʤʝʥʪʘ (ʧ.ʥ.), ʥʦʤʝʨ 

ʚ GenBank 

ʈʝʬʝʨʝʥʩʥʳʡ ʰʪʘʤʤ, 

ʛʦʤʦʣʦʛʠʯʥʳʡ ʛʝʥ,  

ʥʦʤʝʨ ʚ GenBank 

ʉʭʦʜʩʪʚʦ, 

% 

ʉʩʳʣʢʘ 

1 2 3 4 

Rhodococcus 

erythropolis B7b,  

826 ʧ.ʥ., KP985700 

Rhodococcus sp. HA99, bphA1, 

AB272986.1 

99.9 Taguchi et al., 

2007 

Rhodococcus erythropolis 

TA431, bphA1, AB272985.1 

99.9 Taguchi et al., 

2007 

Rhodococcus sp. R04, bphA1, 

DQ403247.1 

99.6 Yang et al., 2007 

Rhodococcus 

erythropolis B106a,  

840 ʧ.ʥ., KP972444 

Rhodococcus sp. HA99, bphA1, 

AB272986.1 

99.9 Taguchi et al., 

2007 

Rhodococcus erythropolis 

TA431, bphA1, AB272986.1 

99.9 Taguchi et al., 

2007 

Rhodococcus sp. R04, bphA1, 

DQ403247.1) 

99.6 Yang et al., 2007 

Rhodococcus 

erythropolis G12a,  

831 ʧ.ʥ., KP972443 

Rhodococcus sp. HA99, bphA1, 

AB272986.1 

100 Taguchi et al., 

2007 

Rhodococcus erythropolis 

TA431, bphA1, AB272986.1 

100 Taguchi et al., 

2007 

Rhodococcus sp. R04, bphA1, 

DQ403247.1) 

99.7 Yang et al., 2007 

Rhodococcus 

erythropolis P2kr,  

559 ʧ.ʥ., KP972442 

Rhodococcus sp. HA99, bphA1, 

AB272986.1 

100 Taguchi et al., 

2007 

Rhodococcus erythropolis 

TA431, bphA1, AB272986.1 

100 Taguchi et al., 

2007 

Rhodococcus sp. R04, bphA1, 

DQ403247.1 

99.5 Yang et al., 2007 

Rhodococcus 

wratislaviensis P1,  

481 ʧ.ʥ., FJ752167 

Rhodococcus opacus BIE-20, 

bphA1, AJ544524 

99.4 Kahl, Hofer, 2003 

Rhodococcus opacus B4, bnzA1, 

AP011117.1 

99.4 Na et al., 2005 

 Rhodococcus jostii RHA1, 

bphA1, D32142.1 

96.4 Masai et al., 1995 

Rhodococcus 

wratislaviensis P12,  

753 ʧ.ʥ., KP972445 

Rhodococcus opacus BIE-20, 

bphA1, AJ544524 

99.2 Kahl, Hofer, 2003 

Rhodococcus opacus B4, bnzA1, 

AP011117.1 

99.1 Na et al., 2005 

Rhodococcus jostii RHA1, 

bphA1, D32142.1 

97.1 Masai et al., 1995 

Rhodococcus 

wratislaviensis P13,  

862 ʧ.ʥ., KP972446 

Rhodococcus opacus B4, bnzA1, 

AP011117.1  

99.5 Na et al., 2005 

Rhodococcus opacus BIE-20, 

bphA1, AJ544524 

98.7 Kahl, Hofer, 2003 

Rhodococcus jostii RHA1, 

bphA1, D32142.1 

97.7 Masai et al., 1995 
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1 2 3 4 

Rhodococcus 

wratislaviensis P20,  

816 ʧ.ʥ., KC832467 

Rhodococcus opacus B4, bnzA1, 

AP011117.1 

99.4 Na et al., 2005 

Rhodococcus opacus BIE-20, 

bphA1, AJ544524 

99.1 Kahl, Hofer, 2003 

Rhodococcus jostii RHA1, 

bphA1, D32142.1 

97.4 Masai et al., 1995 

Rhodococcus 

wratislaviensis KT112-7, 

1383 ʧ.ʥ., CP072194.1 

Rhodococcus opacus B4, bnzA1, 

AP011117.1 

99.6 Na et al., 2005 

Rhodococcus opacus BIE-20, 

bphA1, AJ544524 

99.2 Kahl, Hofer, 2003 

Rhodococcus jostii RHA1, 

bphA1, D32142.1 

98.2 Masai et al., 1995 

Rhodococcus 

wratislaviensis G10,  

788 ʧ.ʥ., KP972448 

Achromobacter sp. 3YC3, ISPŬ, 

DQ336942.1 

99.6 Witzig et al., 

2006 

ʅʝʢʫʣʴʪʠʚʠʨʫʝʤʘʷ ʙʘʢʪʝʨʠʷ, 

ʢʣʦʥ BEDm-II-12-1, ʛʝʥ ʙʝʥʟʦʣ 

ɼʆ, AB294090 

99.5 Iwai et al., 2008 

ʅʝʢʫʣʴʪʠʚʠʨʫʝʤʘʷ ʙʘʢʪʝʨʠʷ, 

ʢʣʦʥ BEDm-II-12-5, ʛʝʥ ʙʝʥʟʦʣ 

ʜʠʦʢʩʠʛʝʥʘʟʳ, AB294094 

96.8 Iwai et al., 2008 

Rhodococcus ruber P25, 

804 ʧ.ʥ., KP985699 

Rhodococcus ruber CD3, ʛʝʥ Ŭ-

ʩʫʙʲʝʜʠʥʠʮʳ ʘʨʦʤʘʪʠʯʝʩʢʦʡ 

ʜʠʦʢʩʠʛʝʥʘʟʳ, CP029146 

99.3 Kuang et al., 2008 

 Mycobacterium vanbaalenii 

PYR-1, ʬʝʥʠʣʧʨʦʧʠʦʥʘʪ ɼʆ, 

CP000511 

76.9 Stingley et al., 

2004 

 Rhodococcus erythropolis 

TA421, bphA1, D88021.1 

68.7 Taguchi et al., 

2007 

Rhodococcus ruber S9a, 

734, KP972447 

Rhodococcus ruber CD3, ʛʝʥ Ŭ-

ʩʫʙʲʝʜʠʥʠʮʳ ʘʨʦʤʘʪʠʯʝʩʢʦʡ 

ʜʠʦʢʩʠʛʝʥʘʟʳ, CP029146 

99.9 Kuang et al., 2008 

 Mycobacterium vanbaalenii 

PYR-1, ʬʝʥʠʣʧʨʦʧʠʦʥʘʪ ɼʆ, 

CP000511 

70.4 Kuang et al., 2008 

 Rhodococcus erythropolis 

TA421, bphA1, D88021.1 

68.7 Taguchi et al., 

2007 

Rhodococcus 

wratislaviensis EK7,  

495 ʧ.ʥ. 

Rhodococcus opacus B4, bnzA1, 

AP011117.1 

92.0 Na et al., 2005 

 Rhodococcus jostii RHA1, 

bphA1, D32142.1 

90.1 Masai et al., 1995 

 Rhodococcus opacus BIE-20, 

bphA1, AJ544524 

89.2 Kahl, Hofer, 2003 

Rhodococcus 

wratislaviensis EK10, 

498 ʧ.ʥ. 

Rhodococcus opacus B4, bnzA1, 

AP011117.1 

87.1 Na et al., 2005 

Rhodococcus jostii RHA1, 

bphA1, D32142.1 

84.0 Masai et al., 1995 

 Rhodococcus opacus BIE-20, 

bphA1, AJ544524 

83.1 Kahl, Hofer, 2003 
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1 2 3 4 

Rhodococcus 

wratislaviensis EK11, 

505 ʧ.ʥ.  

Rhodococcus opacus B4, bnzA1, 

AP011117.1 

95.2 Na et al., 2005 

Rhodococcus jostii RHA1, 

bphA1, D32142.1 

94.1 Masai et al., 1995 

 Rhodococcus opacus BIE-20, 

bphA1, AJ544524 

91.1 Kahl, Hofer, 2003 

Rhodococcus 

wratislaviensis ʉH625, 

497 ʧ.ʥ. 

Rhodococcus opacus B4, bnzA1, 

AP011117.1 

99.2 Na et al., 2005 

Rhodococcus sp. clone HS8 

bphA1, JN675902.1 

99.0 Sun et al., 2016  

 Rhodococcus jostii RHA1, 

bphA1, D32142.1 

96.4 Masai et al., 1995 

Rhodococcus sp. BP9-1, 

409 ʧ.ʥ. 

Rhodococcus erythropolis BD2, 

ipbA, U24277.1 

99.2 Kessler et al., 

1996 

 Rhodococcus opacus B4, bnzA1, 

AP011117.1 

99.1 Na et al., 2005 

 Rhodococcus jostii RHA1, 

bphA1, D32142.1 

99.1 Masai et al., 1995 

Rhodococcus sp. BP9-2, 

411 ʧ.ʥ. 

Rhodococcus erythropolis BD2, 

ipbA, U24277.1 

99.3 Kessler et al., 

1996 

 Rhodococcus opacus B4, bnzA1, 

AP011117.1 

99.2 Na et al., 2005 

 Rhodococcus jostii RHA1, 

bphA1, D32142.1 

99.1 Masai et al., 1995 

Rhodococcus sp. BP9-4, 

410 ʧ.ʥ. 

Rhodococcus erythropolis BD2, 

ipbA, U24277.1 

99.4 Kessler et al., 

1996 

 Rhodococcus opacus B4, bnzA1, 

AP011117.1 

99.2 Na et al., 2005 

 Rhodococcus jostii RHA1, 

bphA1, D32142.1 

99.0 Masai et al., 1995 

Rhodococcus sp. BP9-7, 

415 ʧ.ʥ. 

Rhodococcus erythropolis BD2, 

ipbA, U24277.1 

99.2 Kessler et al., 

1996 

 Rhodococcus opacus B4, bnzA1, 

AP011117.1 

99.2 Na et al., 2005 

 Rhodococcus jostii RHA1, 

bphA1, D32142.1 

99.0 Masai et al., 1995 

Rhodococcus sp. BP9-8, 

425 ʧ.ʥ. 

Rhodococcus erythropolis BD2, 

ipbA, U24277.1 

99.4 Kessler et al., 

1996 

 Rhodococcus opacus B4, bnzA1, 

AP011117.1 

99.3 Na et al., 2005 

 Rhodococcus jostii RHA1, 

bphA1, D32142.1 

99.0 Masai et al., 1995 

 

ʙʠʬʝʥʠʣʘ/ʇʍɹ (R. jostii RHA1, R. opacus BIE-20, R. erythropolis BD2) ʠ 

ʤʦʥʦʘʨʦʤʘʪʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ (R. opacus B4) (ʪʘʙʣʠʮʘ 8, ʨʠʩʫʥʦʢ 32). 

ʐʪʘʤʤʳ, ʚʦʰʝʜʰʠʝ ʚ ʜʘʥʥʫʶ ʛʨʫʧʧʫ, ʚʳʜʝʣʝʥʳ ʠʟ ʪʨʝʭ ʨʘʟʥʳʭ ʵʢʦʪʦʧʦʚ: 

ʧʦʯʚʳ ʛ. ʇʝʨʤʠ ʩ ʪʝʨʨʠʪʦʨʠʠ ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ï ʰʪʘʤʤʳ 
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R. wratislaviensis P1, P12, P13, P20, ʧʦʯʚʳ ʣʝʩʦʧʘʨʢʦʚʳʭ ʟʦʥ ʛ. ʇʝʨʤʠ ï 

ʰʪʘʤʤʳ Rhodococcus sp. ɺʈ9-1, ɺʈ9-2, ɺʈ9-4, ɺʈ9-7, ɺʈ9-8, ʧʦʯʚʳ 

ʛ. ʏʘʧʘʝʚʩʢ ï ʰʪʘʤʤ R. wratislaviensis ʉʅ625. ʇʨʠʩʫʪʩʪʚʠʝ ʛʝʥʦʚ bphA1 

ʩ ʚʳʩʦʢʠʤ ʫʨʦʚʥʝʤ ʛʦʤʦʣʦʛʠʠ ʤʦʞʝʪ ʙʳʪʴ ʦʙʫʩʣʦʚʣʝʥʦ ʥʘʣʠʯʠʝʤ 

ʤʦʙʠʣʴʥʳʭ ʛʝʥʝʪʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ (ʧʣʘʟʤʠʜ) ʚ ʛʝʥʦʤʝ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ 

ʰʪʘʤʤʦʚ (ʩʤ. ʨʘʟʜʝʣ 4.1, ʨʠʩʫʥʦʢ 29). 

ʋ ʰʪʘʤʤʘ R. wratislaviensis G10 ʘʤʧʣʠʬʠʮʠʨʦʚʘʥ ʛʝʥ, ʧʦʢʘʟʘʚʰʠʡ 

ʥʘʠʙʦʣʴʰʠʡ ʫʨʦʚʝʥʴ ʩʭʦʜʩʪʚʘ ʩ ʜʠʦʢʩʠʛʝʥʘʟʦʡ ʰʪʘʤʤʘ-ʜʝʩʪʨʫʢʪʦʨʘ ʪʦʣʫʦʣʘ 

Arthrobacter sp. 3YC3, ʘ ʪʘʢʞʝ ʩ ʙʝʥʟʦʣ ʜʠʦʢʩʠʛʝʥʘʟʘʤʠ ʥʝʢʫʣʴʪʠʚʠʨʫʝʤʳʭ 

ʙʘʢʪʝʨʠʡ (ʪʘʙʣʠʮʘ 8) (Witzig et al., 2006). 

ɸʥʘʣʠʟ ʥʫʢʣʝʦʪʠʜʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ, ʚʳʷʚʣʝʥʥʳʭ ʫ ʰʪʘʤʤʦʚ 

R. ruber P25 ʠ S9a, ʧʦʢʘʟʘʣ, ʯʪʦ ʜʘʥʥʳʝ ʛʝʥʳ ʧʨʠʥʘʜʣʝʞʘʪ ʩʝʤʝʡʩʪʚʫ ʬʝʥʠʣ 

ʧʨʦʧʠʦʥʘʪ ʜʠʦʢʩʠʛʝʥʘʟ (ʨʠʩʫʥʦʢ 32, ʪʘʙʣʠʮʘ 8). ɼʣʷ ʚʳʷʚʣʝʥʥʳʭ 

ʥʫʢʣʝʦʪʠʜʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʤʘʢʩʠʤʘʣʴʥʳʡ ʫʨʦʚʝʥʴ ʩʭʦʜʩʪʚʘ 

ʩ Ŭ-ʩʫʙʲʝʜʠʥʠʮʘʤʠ ʌʇɼʆ ʰʪʘʤʤʦʚ Mycobacterium vanbaalenii PYR-1 ʠ 

Rhodococcus erythropolis TA421 ʩʦʩʪʘʚʠʣ 68.7ï76.9%, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ 

ʦ ʚʳʩʦʢʦʡ ʚʝʨʦʷʪʥʦʩʪʠ ʫʥʠʢʘʣʴʥʦʩʪʠ ʚʳʷʚʣʝʥʥʳʭ ʛʝʥʦʚ.  

ʅʘ ʦʩʥʦʚʘʥʠʠ ʥʫʢʣʝʦʪʠʜʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʚʳʷʚʣʝʥʥʳʭ 

ʬʨʘʛʤʝʥʪʦʚ ʛʝʥʘ bphA1 ʰʪʘʤʤʦʚ ʨʦʜʘ Rhodococcus ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʳ 

MEGA ʧʦʣʫʯʝʥʳ ʜʝʜʫʢʪʠʚʥʳʝ ʘʤʠʥʦʢʠʩʣʦʪʥʳʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ.  

ɸʥʘʣʠʟ ʧʝʨʚʠʯʥʦʡ ʩʪʨʫʢʪʫʨʳ Ŭ-ʩʫʙʲʝʜʠʥʠʮʳ ʙʠʬʝʥʠʣ ʜʠʦʢʩʠʛʝʥʘʟʳ 

ʰʪʘʤʤʦʚ ʈ25 ʠ S9a ʧʦʜʪʚʝʨʜʠʣ ʠʭ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʩʭʦʜʩʪʚʘ ʩ Ŭ-

ʩʫʙʲʝʜʠʥʠʮʘʤʠ ʬʝʥʠʣ ʧʨʦʧʠʦʥʘʪ ʜʠʦʢʩʠʛʝʥʘʟ ʙʘʢʪʝʨʠʡ ʨʦʜʘ Rhodococcus 

(97.7 ʠ 100% ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). ɺ ʘʢʪʠʚʥʦʤ ʮʝʥʪʨʝ Ŭ-ʩʫʙʲʝʜʠʥʠʮ ɹɼʆ ʜʘʥʥʳʭ 

ʰʪʘʤʤʦʚ ʚʳʷʚʣʝʥʦ ʨʘʟʣʠʯʠʝ ʧʦ ʘʤʠʥʦʢʠʩʣʦʪʥʦʤʫ ʦʩʪʘʪʢʫ ʚ ʧʦʟʠʮʠʠ 233 

(ʨʠʩʫʥʦʢ 33). ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʰʪʘʤʤ S9a ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʩʷ ʩʣʘʙʳʤ 

ʨʦʩʪʦʤ ʥʘ ʙʠʬʝʥʠʣʝ, ʪʦʛʜʘ ʢʘʢ ʜʣʷ ʰʪʘʤʤʘ ʈ25 ʙʠʬʝʥʠʣ ʷʚʣʷʝʪʩʷ ʜʦʩʪʫʧʥʳʤ 

ʨʦʩʪʦʚʳʤ ʩʫʙʩʪʨʘʪʦʤ. ʄʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ɹɼʆ ʜʘʥʥʳʭ ʰʪʘʤʤʦʚ 

ʦʪʣʠʯʘʶʪʩʷ ʜʨʫʛ ʦʪ ʜʨʫʛʘ. 
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ɸʤʠʥʦʢʠʩʣʦʪʥʳʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ Ŭ-ʩʫʙʲʝʜʠʥʠʮʳ ɹɼʆB7a, ɹɼʆB106a, 

ɹɼʆG12a, ɹɼʆP2kr ʦʢʘʟʘʣʠʩʴ ʩʭʦʜʥʳ ʩ Ŭ-ʩʫʙʲʝʜʠʥʠʮʝʡ Rhodococcus sp. R04 

(ABD65916.1) ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʥʘ 99.6, 98.2, 100 ʠ 100%. ɺ ʪʦ ʞʝ ʚʨʝʤʷ 

ʚʳʷʚʣʝʥʳ ʩʫʱʝʩʪʚʝʥʥʳʝ ʦʪʣʠʯʠʷ ʦʪ ʧʝʨʚʠʯʥʦʡ ʩʪʨʫʢʪʫʨʳ Ŭ-ʩʫʙʲʝʜʠʥʠʮ 

ɹɼʆ ʩʝʤʝʡʩʪʚʘ ɹ/ʊ ɼʆ.  

ʇʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʘʤʠʥʦʢʠʩʣʦʪ ʘʢʪʠʚʥʦʛʦ ʮʝʥʪʨʘ Ŭ-ʩʫʙʲʝʜʠʥʠʮ 

ʩʝʤʝʡʩʪʚʘ ɹ/ʊ ɼʆ ʠʩʩʣʝʜʫʝʤʳʭ ʙʘʢʪʝʨʠʡ. ʉʨʘʚʥʝʥʠʝ ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʘʢʪʠʚʥʦʛʦ ʮʝʥʪʨʘ ɹɼʆ ʠʩʩʣʝʜʫʝʤʳʭ ʥʘʤʠ ʰʪʘʤʤʦʚ ʩ 

ʜʠʦʢʩʠʛʝʥʘʟʘʤʠ ʠʟʚʝʩʪʥʳʭ ʜʝʩʪʨʫʢʪʦʨʦʚ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ (Suenaga 

et al., 2002; Zielinski et al., 2003; Furusava et al., 2004; Ferraro et al., 2007) 

ʧʦʜʪʚʝʨʜʠʣʦ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ, ʚʳʷʚʣʝʥʥʳʝ ʥʘ ʦʩʥʦʚʘʥʠʠ ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʦʛʦ 

ʘʥʘʣʠʟʘ ʥʫʢʣʝʦʪʠʜʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ. ʊʘʢ, ʠʩʩʣʝʜʫʝʤʳʝ ʙʘʢʪʝʨʠʠ 

ʨʦʜʘ Rhodococcus ʥʝ ʦʪʣʠʯʘʣʠʩʴ ʦʪ ʠʟʚʝʩʪʥʳʭ ʜʝʩʪʨʫʢʪʦʨʦʚ ʙʠʬʝʥʠʣʘ/ʇʍɹ 

ʵʪʦʛʦ ʨʦʜʘ ʧʦ ʘʤʠʥʦʢʠʩʣʦʪʥʳʤ ʦʩʪʘʪʢʘʤ ʘʢʪʠʚʥʦʛʦ ʮʝʥʪʨʘ ï ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ 

ʰʪʘʤʤʘ R. wratislaviensis P20, ʫ ʢʦʪʦʨʦʛʦ ʚ ʧʦʣʦʞʝʥʠʠ 287 ʚʤʝʩʪʦ Ile 

ʥʘʭʦʜʠʪʩʷ Val, ʢʘʢ ʫ ʛʨʘʤʦʪʨʠʮʘʪʝʣʴʥʳʭ ʙʘʢʪʝʨʠʡ (ʨʠʩʫʥʦʢ 33). ʅʘ ʵʪʦʤ 

ʦʩʥʦʚʘʥʠʠ ʤʦʞʥʦ ʙʳʣʦ ʧʨʝʜʧʦʣʘʛʘʪʴ, ʯʪʦ ʩʫʙʩʪʨʘʪʥʘʷ ʩʧʝʮʠʬʠʯʥʦʩʪʴ ɹɼʆ 

ʠʩʩʣʝʜʫʝʤʳʭ ʙʘʢʪʝʨʠʡ ʨʦʜʘ Rhodococcus ʘʥʘʣʦʛʠʯʥʘ ʪʘʢʦʚʦʡ ʜʣʷ ʰʪʘʤʤʘ 

R. jostii RHA1 (ʠʟʦʬʦʨʤʘ BphA1A2A3A4), ʘ ʠʤʝʥʥʦ: ʚʳʩʦʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʧʦ 

ʦʪʥʦʰʝʥʠʶ ʢ ʜʠ- ʠ ʪʨʠʭʣʦʨʙʠʬʝʥʠʣʘʤ ʩ ʟʘʤʝʩʪʠʪʝʣʷʤʠ ʚ ʦʨʪʦ-ʧʦʣʦʞʝʥʠʠ ʚ 

ʦʜʥʦʤ ʠʣʠ ʦʙʦʠʭ ʢʦʣʴʮʘʭ ʠ ʥʠʟʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʢ ʪʝʪʨʘ- ʠ 

ʧʝʥʪʘʭʣʦʨʙʠʬʝʥʠʣʘʤ (Iwasaki et al., 2006). ʆʜʥʘʢʦ ʧʦ ʥʝʢʦʪʦʨʳʤ 

ʘʤʠʥʦʢʠʩʣʦʪʥʳʤ ʦʩʪʘʪʢʘʤ, ʥʝ ʚʭʦʜʷʱʠʤ ʚ ʩʦʩʪʘʚ ʘʢʪʠʚʥʦʛʦ ʮʝʥʪʨʘ, ʦʪʣʠʯʠʷ 

ʚʳʷʚʣʝʥʳ: Val285Ile, Thr300Pro, Thr321Ala, Asp385Glu. ʕʪʠ ʨʘʟʣʠʯʠʷ, ʚ 

ʙʦʣʴʰʝʡ ʠʣʠ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ, ʤʦʛʫʪ ʦʢʘʟʳʚʘʪʴ ʚʣʠʷʥʠʝ ʥʘ ʩʪʨʫʢʪʫʨʫ 

ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʢʘʨʤʘʥʘ ʬʝʨʤʝʥʪʘ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʘ ʝʛʦ ʩʫʙʩʪʨʘʪʥʫʶ 

ʩʧʝʮʠʬʠʯʥʦʩʪʴ (Zielinski et al., 2003; Furusava et al., 2004). ʀ ʜʝʡʩʪʚʠʪʝʣʴʥʦ, ʚ 

ʦʪʣʠʯʠʝ ʦʪ R. jostii RHA1, ʠʩʩʣʝʜʫʝʤʳʝ ʰʪʘʤʤʳ (R. wratislaviensis P12, P13, 

P20, ʂʊ112-7) ʦʢʘʟʘʣʠʩʴ ʘʢʪʠʚʥʳ ʢʘʢ ʢ ʦʨʪʦ-, ʪʘʢ ʠ ʢ ʧʘʨʘ-ʭʣʦʨʠʨʦʚʘʥʥʦʤʫ 

ʢʦʣʴʮʫ 2,4ô-ʜʠʭʣʦʨʙʠʬʝʥʠʣʘ (ʩʤ. ʛʣʘʚʫ 3).  
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ɸʤʠʥʦʢʠʩʣʦʪʥʳʝ ʦʩʪʘʪʢʠ, ʬʦʨʤʠʨʫʶʱʠʝ ʘʢʪʠʚʥʳʡ ʮʝʥʪʨ ɹɼʆ ʰʪʘʤʤʘ 

Rhodococcus sp. G10 (ɹɼʆG10), ʦʢʘʟʘʣʠʩʴ ʠʜʝʥʪʠʯʥʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ 

ʦʩʪʘʪʢʘʤ ʜʠʦʢʩʠʛʝʥʘʟʳ ʜʝʩʪʨʫʢʪʦʨʘ ʪʦʣʫʦʣʘ Arthrobacter sp. 3YC3 (Witzig et 

al., 2006), ʭʦʪʷ Ŭ-ʩʫʙʲʝʜʠʥʠʮʳ ɹɼʆG10 ʠ Arthrobacter sp. 3YC3 ʦʪʣʠʯʘʣʠʩʴ ʧʦ 

ʧʦʟʠʮʠʠ 292: ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ Val ʠ Ile (ʧʦ ʥʫʤʝʨʘʮʠʠ ʜʣʷ ɹɼʆLB400), ʢʦʪʦʨʘʷ 

ʥʝ ʚʭʦʜʠʪ ʚ ʘʢʪʠʚʥʳʡ ʮʝʥʪʨ ʬʝʨʤʝʥʪʘ (ʨʠʩʫʥʦʢ 32). ɺʳʷʚʣʝʥʳ ʨʘʟʣʠʯʠʷ ʚ 

ʩʫʙʩʪʨʘʪʥʦʡ ʩʧʝʮʠʬʠʯʥʦʩʪʠ: ʰʪʘʤʤ G10 ʘʢʪʠʚʥʦ ʨʘʩʪʝʪ ʥʘ ʪʦʣʫʦʣʝ ʠ 

ʙʝʥʟʦʣʝ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ Arthrobacter sp. 3YC3 ʚ ʢʘʯʝʩʪʚʝ ʨʦʩʪʦʚʦʛʦ ʩʫʙʩʪʨʘʪʘ 

ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʦʣʴʢʦ ʪʦʣʫʦʣ (ʐʫʤʢʦʚʘ ʠ ʜʨ., 2014; Witzig et al., 2006). 

 

4.2.3. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʩʪʨʫʢʪʫʨʳ Ŭ-ʩʫʙʲʝʜʠʥʠʮʳ ʙʠʬʝʥʠʣ 

ʜʠʦʢʩʠʛʝʥʘʟʳ ʰʪʘʤʤʦʚ R. wratislaviensis KT 112-7 ʠ R. ruber P25 

ɼʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨʳ Ŭ-ʩʫʙʲʝʜʠʥʠʮʳ ɹɼʆ ʰʪʘʤʤʦʚ-

ʜʝʩʪʨʫʢʪʦʨʦʚ ʇʍɹ R. wratislaviensis KT112-7 ʠ R. ruber P25 ʙʳʣʠ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʥʫʢʣʝʦʪʠʜʥʳʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʛʝʥʦʚ bphA1ʂʊ112-7 (GenBank 

MW070531) ʠ bphA1ʈ25 (GenBank KP985699.1). ɺ ʨʝʟʫʣʴʪʘʪʝ ʜʝʜʫʢʪʠʚʥʦʡ 

ʪʨʘʥʩʣʷʮʠʠ ʠ ʩʨʘʚʥʝʥʠʷ ʩ ʛʦʤʦʣʦʛʠʯʥʳʤʠ ʘʤʠʥʦʢʠʩʣʦʪʥʳʤʠ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʤʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʤʠ ʚ ʙʘʟʝ ʜʘʥʥʳʭ GenBank, 

ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ BphA1ʂʊ112-7 ʥʘ 99.64% ʠʜʝʥʪʠʯʥʘ ʪʘʢʦʚʦʡ ʬʝʨʤʝʥʪʘ 

ʩʝʤʝʡʩʪʚʘ ʙʠʬʝʥʠʣ ʜʠʦʢʩʠʛʝʥʘʟ (ʂʌ 1.14.12.18) ʰʪʘʤʤʘ-ʜʝʩʪʨʫʢʪʦʨʘ ʇʍɹ 

Rhodococcus aetherivorans I24 (GenBank AAL61663.2) ʠ ʥʘʭʦʜʠʪʩʷ ʚ 

ʩʝʤʝʡʩʪʚʝ ʢʣʘʩʩʠʯʝʩʢʠʭ ɹ/ʊ ɼʆ. BphA1ʈ25 ʧʦʢʘʟʳʚʘʝʪ ʥʘʠʙʦʣʴʰʠʡ ʫʨʦʚʝʥʴ 

ʩʭʦʜʩʪʚʘ ʩ ʬʝʨʤʝʥʪʘʤʠ ʩʝʤʝʡʩʪʚʘ ʌʇɼʆ (ʂʌ 1.14.12.19) (ʩʤ. ʨʘʟʜʝʣ 4.2.2).  

ɸʥʘʣʠʟ ʚʪʦʨʠʯʥʦʡ ʩʪʨʫʢʪʫʨʳ ʧʦʢʘʟʘʣ, ʯʪʦ ʩʦʦʪʥʦʰʝʥʠʝ Ŭ-ʩʧʠʨʘʣʝʡ ʠ 

ɓ-ʪʷʞʝʡ ʚ Ŭ-ʩʫʙʲʝʜʠʥʠʮʘʭ ɹɼʆ ʰʪʘʤʤʦʚ R. wratislaviensis KT112-7 ʠ R. ruber 

P25 ʩʦʩʪʘʚʠʣʦ 1:0.89 ʠ 1:1.38, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫ ʰʪʘʤʤʘ ʈ25 

ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʘʤʠʥʦʢʠʩʣʦʪʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ BphA1 ʬʦʨʤʠʨʫʝʪ 

ɓ-ʪʷʞʠ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ 3D-ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʫʩʪʘʥʦʚʣʝʥʳ ʪʨʝʪʠʯʥʳʝ ʩʪʨʫʢʪʫʨʳ 

BphA1ʂʊ112-7 ʠ BphA1ʈ25 (ʨʠʩʫʥʦʢ 34, ʪʘʙʣʠʮʘ 9).  
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ʈʠʩʫʥʦʢ 34 ï ʊʨʝʪʠʯʥʘʷ ʩʪʨʫʢʪʫʨʘ Ŭ-ʩʫʙʲʝʜʠʥʠʮʳ ʙʠʬʝʥʠʣ 2,3-

ʜʠʦʢʩʠʛʝʥʘʟʳ ʰʪʘʤʤʦʚ R. wratislaviensis KT 112-7 (a) ʠ R. ruber P25 (ʙ). 

ʄʦʜʝʣʠ ʧʦʩʪʨʦʝʥʳ ʥʘ ʦʩʥʦʚʘʥʠʠ ʘʥʘʣʠʟʘ ʜʝʜʫʢʪʠʚʥʳʭ ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʠʩʩʣʝʜʫʝʤʳʭ ʬʝʨʤʝʥʪʦʚ ʠ ʠʤʝʶʱʠʭʩʷ ʚ ʙʘʟʘʭ ʜʘʥʥʳʭ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʣʛʦʨʠʪʤʘ ʧʨʦʛʨʘʤʤʳ UCSF CHIMERA. ʇʨʠ ʦʢʨʘʰʠʚʘʥʠʠ 

ʤʦʜʝʣʝʡ ʠʩʧʦʣʴʟʦʚʘʥ ʨʝʞʠʤ ñrainbowò, ʧʨʠ ʢʦʪʦʨʦʤ ʦʢʨʘʰʠʚʘʥʠʝ ʤʦʜʝʣʠ 

ʧʨʦʠʩʭʦʜʠʪ ʦʪ N-ʢʦʥʮʘ ʮʝʧʠ ʜʦ ʉ-ʢʦʥʮʘ ʦʪ ʩʠʥʝʛʦ ʯʝʨʝʟ ʨʘʜʫʞʥʳʡ ʩʧʝʢʪʨ ʜʦ 

ʢʨʘʩʥʦʛʦ ʩ ʚʳʜʝʣʝʥʠʝʤ ʮʚʝʪʦʤ ʢʘʞʜʦʛʦ ʵʣʝʤʝʥʪʘ ʚʪʦʨʠʯʥʦʡ ʩʪʨʫʢʪʫʨʳ 

 

 

 

 

                    ʘ                                                                      ʙ 
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ʊʘʙʣʠʮʘ 9 ï ʇʘʨʘʤʝʪʨʳ ʤʦʜʝʣʠ ʪʨʝʪʠʯʥʦʡ ʩʪʨʫʢʪʫʨʳ Ŭ-

ʩʫʙʲʝʜʠʥʠʮʳ ʙʠʬʝʥʠʣ 2,3-ʜʠʦʢʩʠʛʝʥʘʟʳ 

ʇʘʨʘʤʝʪʨ R. wratislaviensis ʂʊ112-7 R. ruber ʈ25 

ʇʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ 

ʩʫʙʲʝʜʠʥʠʮʳ, ¡2 

17.84 Ĭ 103 15.20 Ĭ 103 

ʆʙʲʝʤ ʩʫʙʲʝʜʠʥʠʮʳ, ¡3 55.63 Ĭ 103 32.40 Ĭ 103 

ʅʘʠʙʦʣʝʝ ʙʣʠʟʢʠʡ ʧʦ 

ʪʨʝʪʠʯʥʦʡ ʩʪʨʫʢʪʫʨʝ 

ʬʝʨʤʝʥʪ 

BphA1,  

ʙʠʬʝʥʠʣ 2,3-ʜʠʦʢʩʠʛʝʥʘʟʘ (ʂʌ 

1.14.12.18) 

TDO-F,  

ʪʦʣʫʦʣ 2,3-ʜʠʦʢʩʠʛʝʥʘʟʘ 

(ʂʌ 1.14.12.11) 

ɹʘʢʪʝʨʠʘʣʴʥʳʡ ʰʪʘʤʤ ʩ 

ʙʣʠʟʢʠʤ ʬʝʨʤʝʥʪʦʤ 

Rhodococcus jostii RHA1 Pseudomonas putida F1  

ʋʨʦʚʝʥʴ ʩʭʦʜʩʪʚʘ, % 98.65 44.79 

ʊʦʯʥʦʩʪʴ ʪʨʝʪʠʯʥʦʡ 

ʩʪʨʫʢʪʫʨʳ 

0.93 0.77 

ʆʮʝʥʢʘ ʢʘʯʝʩʪʚʘ 

ʪʨʝʪʠʯʥʦʡ ʩʪʨʫʢʪʫʨʳ 

-0.06 -2.63 

ʆʮʝʥʢʘ ʢʘʯʝʩʪʚʘ 

ʯʝʪʚʝʨʪʠʯʥʦʡ ʩʪʨʫʢʪʫʨʳ 

0.76 0.75 

ɸʥʘʣʠʟ ʧʘʨʘʤʝʪʨʦʚ ʧʦʢʘʟʘʣ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʜʦʩʪʦʚʝʨʥʘʷ ʤʦʜʝʣʴ (93ï

99%) Ŭ-ʩʫʙʲʝʜʠʥʠʮʳ ɹɼʆ ʧʦʣʫʯʝʥʘ ʜʣʷ BphA1 ʰʪʘʤʤʘ R. wratislaviensis 

KT112-7 (ʪʘʙʣʠʮʘ 9). ʇʨʠ ʵʪʦʤ ʥʘʠʙʦʣʝʝ ʙʣʠʟʢʦʡ ʤʦʜʝʣʴʶ ʪʨʝʪʠʯʥʦʡ 

ʩʪʨʫʢʪʫʨʳ BphA1ʂʊ112-7 ʷʚʣʷʝʪʩʷ ʪʘʢʦʚʘʷ ɹɼʆ ʰʪʘʤʤʘ Rhodococcus jostii 

RHA1 (Furusawa et al., 2004). ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʩʦʟʜʘʥʠʝ ʤʦʜʝʣʠ ʪʨʝʪʠʯʥʦʡ 

ʩʪʨʫʢʪʫʨʳ BphA1ʈ25 ʙʳʣʦ ʩʦʧʨʷʞʝʥʦ ʩ ʧʨʦʙʣʝʤʦʡ ʧʦʠʩʢʘ ʥʘʠʙʦʣʝʝ ʙʣʠʟʢʦʡ 

ʪʨʝʪʠʯʥʦʡ ʩʪʨʫʢʪʫʨʳ ʬʝʨʤʝʥʪʘ ʩʝʤʝʡʩʪʚʘ ʜʠʦʢʩʠʛʝʥʘʟ. ɸʥʘʣʠʟ ʙʘʟ ʜʘʥʥʳʭ 

ʧʦʢʘʟʘʣ, ʯʪʦ ʠʟ ʦʧʠʩʘʥʥʳʭ ʤʦʜʝʣʝʡ ʤʘʢʩʠʤʘʣʴʥʳʡ ʫʨʦʚʝʥʴ ʩʭʦʜʩʪʚʘ 

ʚʳʷʚʣʷʝʪʩʷ ʧʨʠ ʩʨʘʚʥʝʥʠʠ BphA1ʈ25 ʩ Ŭ-ʩʫʙʲʝʜʠʥʠʮʝʡ ʪʦʣʫʦʣ 2,3-

ʜʠʦʢʩʠʛʝʥʘʟʳ ʰʪʘʤʤʘ Pseudomonas putida F1 (ʪʘʙʣʠʮʘ 9) (Friemann et al., 

2009). ʋʨʦʚʝʥʴ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʧʦʣʫʯʝʥʥʦʡ ʪʨʝʪʠʯʥʦʡ ʩʪʨʫʢʪʫʨʳ BphA1ʈ25 

ʩʦʩʪʘʚʠʣ 35ï77% ʧʨʠ ʘʥʘʣʠʟʝ ʨʘʟʣʠʯʥʳʭ ʧʘʨʘʤʝʪʨʦʚ. ʇʦʣʫʯʝʥʥʳʝ 

ʨʝʟʫʣʴʪʘʪʳ ʧʦʜʪʚʝʨʞʜʘʶʪ ʫʥʠʢʘʣʴʥʦʩʪʴ ʩʪʨʦʝʥʠʷ Ŭ-ʩʫʙʲʝʜʠʥʠʮʳ ʙʠʬʝʥʠʣ 

2,3-ʜʠʦʢʩʠʛʝʥʘʟʳ ʰʪʘʤʤʘ R. ruber P25. 
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4.3. ɸʥʘʣʠʟ ʛʝʥʦʤʘ ʰʪʘʤʤʘ Rhodococcus wratislaviensis ʂʊ112-7 

4.3.1. ʆʙʱʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʛʝʥʦʤʘ R. wratislaviensis ʂʊ112-7 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʛʝʥʦʤ ʰʪʘʤʤʘ R. wratislaviensis ʂʊ112-7 ʧʨʝʜʩʪʘʚʣʝʥ 

ʭʨʦʤʦʩʦʤʦʡ ʨʘʟʤʝʨʦʤ 7587912 ʧ.ʥ. ʠ ʜʚʫʤʷ ʤʝʛʘʧʣʘʟʤʠʜʘʤʠ: pRHWK1 ï 

281912 ʧ.ʥ. ʠ pRHWK2 ï 130937 ʧ.ʥ. (ʪʘʙʣʠʮʘ 10). ʉʦʜʝʨʞʘʥʠʝ GC-

ʦʩʥʦʚʘʥʠʡ ʚ ʭʨʦʤʦʩʦʤʝ ʩʦʩʪʘʚʠʣʦ 67.5%, ʪʦʛʜʘ ʢʘʢ ʚ ʧʣʘʟʤʠʜʘʭ ï 64.3 ʠ 

64.1% ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʨʠ ʘʥʘʣʠʟʝ ʛʝʥʦʤʘ ʚʳʷʚʣʝʥʦ 7931 ʙʝʣʦʢ-

ʢʦʜʠʨʫʶʱʠʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ, ʦʩʥʦʚʥʘʷ ʯʘʩʪʴ ʢʦʪʦʨʳʭ ʣʦʢʘʣʠʟʦʚʘʥʘ ʥʘ 

ʭʨʦʤʦʩʦʤʝ ï 7554. ʅʘ ʧʣʘʟʤʠʜʝ pRHWK1 ʚʳʷʚʣʝʥʦ 326 ʢʦʜʠʨʫʶʱʠʭ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ, ʘ ʥʘ pRHWK2 ï 160 ʙʝʣʦʢ-ʢʦʜʠʨʫʶʱʠʭ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʚʳʷʚʣʝʥʥʳʭ ʛʝʥʦʚ ʧʦ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤ 

ʢʘʪʝʛʦʨʠʷʤ ʦʪʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩʫʥʢʝ 35. ɻʝʥʳ, ʚʳʷʚʣʝʥʥʳʝ ʥʘ ʧʣʘʟʤʠʜʝ 

pRHWK2, ʥʝ ʙʳʣʠ ʩʛʨʫʧʧʠʨʦʚʘʥʳ ʧʦ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤ ʢʘʪʝʛʦʨʠʷʤ. 

 

ʊʘʙʣʠʮʘ 10 ï ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʛʝʥʦʤʘ ʰʪʘʤʤʘ R. wratislaviensis 

KT 112-7 

ʇʦʢʘʟʘʪʝʣʠ ʍʨʦʤʦʩʦʤʘ ʄʝʛʘʧʣʘʟʤʠʜʘ 

pRHWK1 

ʄʝʛʘʧʣʘʟʤʠʜʘ 

pRHWK2 

ʈʘʟʤʝʨ ʛʝʥʦʤʘ, ʧ.ʥ. 7587912 281912 130937 

ʉʦʜʝʨʞʘʥʠʝ GC, % 67.5 64.3 64.1 

ʈʅʂ 53 0 0 

ʌʫʥʢʮʠʦʥʘʣʴʥʳʝ 

ʛʨʫʧʧʳ 

334 16 0 

ɹʝʣʦʢ-ʢʦʜʠʨʫʶʱʠʝ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ 

7445 326 160 

ʅʫʢʣʝʦʪʠʜʥʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʛʝʥʦʤʘ ʰʪʘʤʤʘ ʂʊ112-7 

ʜʝʧʦʥʠʨʦʚʘʥʘ ʚ GenBank ʧʦʜ ʥʦʤʝʨʘʤʠ: ʭʨʦʤʦʩʦʤʘ ï CP072193.1, ʧʣʘʟʤʠʜʘ 

pRHWK1 ï CP072194.1, ʧʣʘʟʤʠʜʘ pRHWK2 ï CP072195.1. ɺʦ ʚʨʝʤʷ 

ʘʥʥʦʪʘʮʠʠ ʛʝʥʦʤʘ ʰʪʘʤʤ R. wratislaviensis KT112-7 ʙʳʣ ʨʝʢʣʘʩʩʠʬʠʮʠʨʦʚʘʥ 

ʢʘʢ R. opacus KT112-7 ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʨʝʜʥʝʡ ʠʜʝʥʪʠʯʥʦʩʪʠ ʥʫʢʣʝʦʪʠʜʦʚ 

(ANI). ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʛʝʥʦʤʘ Rhodococcus wratislaviensis KT112-7 ʥʘ 

99.294% ʠʜʝʥʪʠʯʥʳ ʧʦ ANI ʪʠʧʫ ʛʝʥʦʤʘ Rhodococcus opacus, ʧʨʠ ʵʪʦʤ ʦʭʚʘʪ 

ʛʝʥʦʤʘ ʩʦʩʪʘʚʣʷʣ 88.9%.   
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ʘ) 

ʙ) 

 

ʈʠʩʫʥʦʢ 35 ï ʌʫʥʢʮʠʦʥʘʣʴʥʳʝ ʧʦʜʩʠʩʪʝʤʳ ʛʝʥʦʚ ʰʪʘʤʤʘ ʂʊ112-7: 

ʘ ï ʭʨʦʤʦʩʦʤʘ, ʙ ï ʤʝʛʘʧʣʘʟʤʠʜʘ pRHWK1. ʌʫʥʢʮʠʦʥʘʣʴʥʳʝ ʢʘʪʝʛʦʨʠʠ 

ʧʝʨʝʯʠʩʣʝʥʳ ʩʧʨʘʚʘ ʦʪ ʜʠʘʛʨʘʤʤʳ, ʚ ʩʢʦʙʢʘʭ ʫʢʘʟʘʥʦ ʢʦʣʠʯʝʩʪʚʦ ʛʝʥʦʚ ʚ 

ʢʘʞʜʦʡ ʢʘʪʝʛʦʨʠʠ 
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4.3.2. ɸʥʘʣʠʟ bph-ʛʝʥʦʚ 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʘʥʘʣʠʟʘ ʛʝʥʦʤʘ ʚʳʷʚʣʝʥʳ ʛʝʥʳ/ʬʝʨʤʝʥʪʳ çʚʝʨʭʥʝʛʦè ʠ 

çʥʠʞʥʝʛʦè ʧʫʪʝʡ ʜʝʩʪʨʫʢʮʠʠ ʙʠʬʝʥʠʣʘ (ʨʠʩʫʥʢʠ 36, 37). ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʛʝʥʳ ʙʠʬʝʥʠʣʴʥʦʛʦ ʧʫʪʠ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚ ʪʨʝʭ ʦʧʝʨʦʥʘʭ ʥʘ ʭʨʦʤʦʩʦʤʝ 

(bphEGFC, bphCDFAD-ʤʦʥʦʦʢʩʠʛʝʥʘʟʘ, bphAB), ʦʧʝʨʦʥ bphA1ɸ2ɸ3ɸ4ʉɺE 

ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʥʘ ʧʣʘʟʤʠʜʝ pRHWK1, ʘ ʛʝʥʳ bphA1A2 ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʥʘ 

ʧʣʘʟʤʠʜʝ pRHWK2 (ʨʠʩʫʥʢʠ 35, 36, ʪʘʙʣʠʮʘ 11). ɺʳʷʚʣʝʥʥʳʝ ʛʝʥʳ ʢʦʜʠʨʫʶʪ 

ʩʣʝʜʫʶʱʠʝ ʬʝʨʤʝʥʪʳ: bphA1chromosome (987bp), bphA1pRHWK1 (1382bp), bphA1 

pRHWK2 (987bp) ï Ŭ-ʩʫʙʲʝʜʠʥʠʮʫ ʙʠʬʝʥʠʣ 2,3-ʜʠʦʢʩʠʛʝʥʘʟʳ; bphA2chromosome 

(519bp), bphA2pRHWK1 (564bp), bphA2 pRHWK2 (520bp) ï ɓ- ʩʫʙʲʝʜʠʥʠʮʫ ʙʠʬʝʥʠʣ 

2,3-ʜʠʦʢʩʠʛʝʥʘʟʳ; bphA3pRHWK1 (324bp) ï ʬʝʨʨʝʜʦʢʩʠʥ, bphA4pRHWK1 (1239bp) 

ï ʬʝʨʨʝʜʦʢʩʠʥ ʨʝʜʫʢʪʘʟʫ; bphʉchromosome (912bp, 1134bp), bphCpRHWK1 (696bp) ï 

2,3-ʜʠʛʠʜʨʦʢʩʠʙʠʬʝʥʠʣ 1,2-ʜʠʦʢʩʠʛʝʥʘʟʫ; bphDchromosome (885bp, 840bp) ï 

HOPDA-ʛʠʜʨʦʣʘʟʫ; bphH(E) chromosome (786bp), bphH(E) pRHWK1 (753bp) ï 2-ʢʝʪʦ-

4-ʧʝʥʪʝʥʦʘʪ ʛʠʜʨʘʪʘʟʫ; bphI(F) chromosome (1059bp) ï 4-ʛʠʜʨʦʢʩʠ-2-ʦʢʩʦʚʘʣʝʨʘʪ 

ʘʣʴʜʦʣʘʟʫ. ʇʨʦʚʝʜʝʥ BLAST-ʘʥʘʣʠʟ ʪʨʘʥʩʣʠʨʦʚʘʥʥʳʭ ʥʫʢʣʝʦʪʠʜʥʳʭ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ bph-ʛʝʥʦʚ (ʪʘʙʣʠʮʘ 11).  

 

 

ʈʠʩʫʥʦʢ 36 ï ʈʘʩʧʦʣʦʞʝʥʠʝ ʛʝʥʦʚ ʜʝʩʪʨʫʢʮʠʠ ʙʠʬʝʥʠʣʘ ʠ 

ʭʣʦʨʙʝʥʟʦʡʥʳʭ ʢʠʩʣʦʪ ʥʘ ʧʣʘʟʤʠʜʝ pRHWK1 ʰʪʘʤʤʘ ʂʊ112-7 
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ʈʠʩʫʥʦʢ 37 ï ʈʘʩʧʦʣʦʞʝʥʠʝ ʛʝʥʦʚ ʜʝʩʪʨʫʢʮʠʠ ʙʠʬʝʥʠʣʘ/ʇʍɹ ʥʘ ʭʨʦʤʦʩʦʤʝ ʰʪʘʤʤʘ ʂʊ112-7. bphA1 ï 

Ŭ-ʩʫʙʲʝʜʠʥʠʮʘ ʙʠʬʝʥʠʣ 2,3-ʜʠʦʢʩʠʛʝʥʘʟʳ; bphA2 ï ɓ- ʩʫʙʲʝʜʠʥʠʮʘ ʙʠʬʝʥʠʣ 2,3-ʜʠʦʢʩʠʛʝʥʘʟʳ; bphA3 ï ʬʝʨʨʝʜʦʢʩʠʥ, 

bphA4 ï ʬʝʨʨʝʜʦʢʩʠʥ ʨʝʜʫʢʪʘʟʘ; bphʉ ï 2,3-ʜʠʛʠʜʨʦʢʩʠʙʠʬʝʥʠʣ 1,2-ʜʠʦʢʩʠʛʝʥʘʟʘ; bphD ï ɻʆʌɼʂ-ʛʠʜʨʦʣʘʟʘ; bphH(E) ï 

2-ʢʝʪʦ-4-ʧʝʥʪʝʥʦʘʪ ʛʠʜʨʘʪʘʟʘ; bphI(F)ï 4-ʛʠʜʨʦʢʩʠ-2-ʦʢʩʦʚʘʣʝʨʘʪ ʘʣʴʜʦʣʘʟʘ, ɸʉɸD ï ɸʮʠʣ-ʂʦɸ-ʜʝʛʠʜʨʦʛʝʥʘʟʘ 
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ʊʘʙʣʠʮʘ 11 ï ʉʨʘʚʥʝʥʠʝ ʪʨʘʥʩʣʠʨʦʚʘʥʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʛʝʥʦʚ 

ʜʝʩʪʨʫʢʮʠʠ ʙʠʬʝʥʠʣʘ ʠ ʝʛʦ ʧʨʦʠʟʚʦʜʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ ʘʥʘʣʠʟʝ ʛʝʥʦʤʘ 

ʰʪʘʤʤʘ ʂʊ112-7, ʩ ʛʦʤʦʣʦʛʠʯʥʳʤʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʤʠ ʠʟ ʙʘʟʳ ʜʘʥʥʳʭ 

GenBank 

ʌʝʨʤʝʥʪ, ʥʦʤʝʨ ʚ 

ʢʣʘʩʩʠʬʠʢʘʮʠʠ EC, 

ʣʦʢʘʣʠʟʘʮʠʷ ʢʦʜʠʨʫʶʱʝʛʦ 

ʝʛʦ ʛʝʥʘ 

ʅʘʠʙʦʣʝʝ ʙʣʠʟʢʠʝ ʛʦʤʦʣʦʛʠʯʥʳʝ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʠʟ GenBank, ʥʦʤʝʨ ʚ 

GenBank, ʰʪʘʤʤ-ʜʝʩʪʨʫʢʪʦʨ  

ʉʭʦʜʩʪʚʦ, 

% 

1 2 3 

ʭʨʦʤʦʩʦʤʘ   

Ŭ-ʩʫʙʲʝʜʠʥʠʮʘ ʙʠʬʝʥʠʣ 

ʜʠʦʢʩʠʛʝʥʘʟʳ (BphA1),  

ʂʌ 1.14.12.18, ʭʨʦʤʦʩʦʤʘ 

NDOŬ, BAE53376.1, R. opacus TKN14 

NDOŬ, WP159929237.1, Rhodococcus sp. WAY2 

NDOŬ, AAR05106.1, Rhodococcus sp. P400 

98 

98 

97 

ɓ-ʩʫʙʲʝʜʠʥʠʮʘ ʙʠʬʝʥʠʣ 

ʜʠʦʢʩʠʛʝʥʘʟʳ (BphA2),  

ʂʌ 1.14.12.18, ʭʨʦʤʦʩʦʤʘ 

NarAb, ADM94822.1, Rhodococcus sp. G10  

NarAb, BAH47213.1, Rhodococcus opacus B4 

NarAb, AAR05107.1, Rhodococcus sp. P400 

100 

99 

99 

2,3-ʜʠʛʠʜʨʦʢʩʠ-2,3-

ʜʠʛʠʜʨʦʙʠʬʝʥʠʣ 

ʜʝʛʠʜʨʦʛʝʥʘʟʘ (BphB),    

ʂʌ 1.3.1.87, ʭʨʦʤʦʩʦʤʘ 

NarB, BAH47215.1, Rhodococcus opacus B4 

NarB, AQW45619.1, Rhodococcus ruber OA1 

HcaB, QSE72234.1, Rhodococcus sp. PSBB049 

99 

99 

99 

2,3-ʜʠʛʠʜʨʦʢʩʠʙʠʬʝʥʠʣ 

1,2-ʜʠʦʢʩʠʛʝʥʘʟʘ (BphC), 

ʂʌ 1.13.11.39, ʭʨʦʤʦʩʦʤʘ 

HsaC2, ANS26769.1, Rhodococcus opacus 1CP 

ʕʢʩʪʨʘʜʠʦʣ ʜʠʦʢʩʠʛʝʥʘʟʘ, ʪʠʧ I, ABG97580.1, 

Rhodococcus jostii RHA1 

ʕʢʩʪʨʘʜʠʦʣ ʜʠʦʢʩʠʛʝʥʘʟʘ, BAH54111.1, 

Rhodococcus opacus B4 

100 

96 

 

92 

 

2,3-ʜʠʛʠʜʨʦʢʩʠʙʠʬʝʥʠʣ 

1,2-ʜʠʦʢʩʠʛʝʥʘʟʘ (BphC), 

ʂʌ 1.13.11.39, ʭʨʦʤʦʩʦʤʘ 

BphC, ANS24889.1, Rhodococcus opacus 1CP 

BphC, QDQ89556.1, Rhodococcus sp. WB9 

ʄʝʪʘʧʠʨʦʢʘʪʝʭʘʟʘ 2, AHK27384.1,  Rhodococcus 

opacus PD630 

99 

99 

99 

2-ʛʠʜʨʦʢʩʠ-6-ʦʢʩʦ-6-

ʬʝʥʠʣʛʝʢʩʘ-2,4-ʜʠʝʥʦʘʪ 

ʛʠʜʨʦʣʘʟʘ (BphD),            

ʂʌ 3.7.1.-, ʭʨʦʤʦʩʦʤʘ 

ʛʠʜʨʦʣʘʟʘ, ANS28558.1, Rhodococcus opacus 1CP 

ʛʠʜʨʦʣʘʟʘ, ABG92156.1, Rhodococcus jostii RHA1 

ʛʠʜʨʦʣʘʟʘ,AII03552.1, Rhodococcus opacus R7 

100 

97 

95 

2-ʛʠʜʨʦʢʩʠ-6-ʦʢʩʦ-6-

ʬʝʥʠʣʛʝʢʩʘ-2,4-ʜʠʝʥʦʘʪ 

ʛʠʜʨʦʣʘʟʘ (BphD),           

ʂʌ 3.7.1.-, ʭʨʦʤʦʩʦʤʘ 

Ŭ/ɓ ʛʠʜʨʦʣʘʟʘ, AUS35655.1, Rhodococcus 

qingshengii djl-6-2 pDJL1 

Ŭ/ɓ ʛʠʜʨʦʣʘʟʘ, ANQ76140.1, Rhodococcus sp. 008 

98 

 

98 

2-ʢʝʪʦ-4-ʧʝʥʪʝʥʦʘʪ 

ʛʠʜʨʘʪʘʟʘ (BphH(E)), 

ʂʌ 4.2.1.80, ʭʨʦʤʦʩʦʤʘ 

mhpD2, ANS26765.1, Rhodococcus opacus 1CP 

2-ʢʝʪʦ-4-ʧʝʥʪʝʥʦʘʪ ʛʠʜʨʘʪʘʟʘ,QDQ91340.1, 

Rhodococcus sp. WB9 

BphH(E), ABG97576.1, Rhodococcus jostii RHA1 

99 

97 

 

95 

4-ʛʠʜʨʦʢʩʠ-2-ʦʢʩʦʚʘʣʝʥʨʘʪ 

ʘʣʴʜʦʣʘʟʘ (BphI(F)),             

ʂʌ 4.1.3.39, ʭʨʦʤʦʩʦʤʘ 

4-ʛʠʜʨʦʢʩʠ-2-ʦʢʩʦʚʘʣʝʥʨʘʪ ʘʣʴʜʦʣʘʟʘ 4, 

ANS26767.1, Rhodococcus opacus 1CP 

4-ʛʠʜʨʦʢʩʠ-2-ʦʢʩʦʚʘʣʝʥʨʘʪ ʘʣʴʜʦʣʘʟʘ, 

QDQ91342.1, Rhodococcus sp. WB9 

4-ʛʠʜʨʦʢʩʠ-2-ʦʢʩʦʚʘʣʝʥʨʘʪ ʘʣʴʜʦʣʘʟʘ, 

ABG97578.1, Rhodococcus jostii RHA1 

99 

 

99 

 

97 

https://www.ncbi.nlm.nih.gov/protein/306490584
https://www.ncbi.nlm.nih.gov/protein/226245949
https://www.ncbi.nlm.nih.gov/protein/37912016
https://www.ncbi.nlm.nih.gov/protein/226245951
https://www.ncbi.nlm.nih.gov/protein/1152732523
https://www.ncbi.nlm.nih.gov/protein/1995479735
https://www.ncbi.nlm.nih.gov/protein/1043688251
https://www.ncbi.nlm.nih.gov/protein/110822296
https://www.ncbi.nlm.nih.gov/protein/226243763
https://www.ncbi.nlm.nih.gov/protein/1043686371
https://www.ncbi.nlm.nih.gov/protein/1709483035
https://www.ncbi.nlm.nih.gov/protein/589062525
https://www.ncbi.nlm.nih.gov/protein/1043690040
https://www.ncbi.nlm.nih.gov/protein/110816872
https://www.ncbi.nlm.nih.gov/protein/669177091
https://www.ncbi.nlm.nih.gov/protein/1333042372
https://www.ncbi.nlm.nih.gov/protein/1042836279
https://www.ncbi.nlm.nih.gov/protein/1043688247
https://www.ncbi.nlm.nih.gov/protein/1709484819
https://www.ncbi.nlm.nih.gov/protein/110822292
https://www.ncbi.nlm.nih.gov/protein/1043688249
https://www.ncbi.nlm.nih.gov/protein/1709484821
https://www.ncbi.nlm.nih.gov/protein/110822294
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1 2 3 

pRHWK1    

Ŭ-ʩʫʙʲʝʜʠʥʠʮʘ ʙʠʬʝʥʠʣ 

ʜʠʦʢʩʠʛʝʥʘʟʳ (BphA1),  

ʂʌ 1.14.12.18, pRHWK1 

BphA1, ABG99107.1, Rhodococcus jostii RHA1 

BnzA1, BAD95523.1, Rhodococcus opacus B4 

ʊʦʣʫʦʣ-ʠʥʜʫʮʠʙʝʣʴʥʘʷ ʜʠʦʢʩʠʛʝʥʘʟʘ, 

AAL61663.2, Rhodococcus aetherivorans I24 

100 

100 

99 

ɓ-ʩʫʙʲʝʜʠʥʠʮʘ ʙʠʬʝʥʠʣ 

ʜʠʦʢʩʠʛʝʥʘʟʳ (BphA2),  

ʂʌ 1.14.12.18, pRHWK1 

BphA2,ABG99106.1, Rhodococcus jostii RHA1 

BnzA2, BAD95524.2, Rhodococcus opacus B4 

ʄʘʣʘʷ ʩʫʙʲʝʜʠʥʠʮʘ ʞʝʣʝʟʦʩʝʨʥʦʛʦ ʙʝʣʢʘ, 

AAL61664.1, Rhodococcus aetherivorans I24 

100 

100 

97 

ɹʠʬʝʥʠʣ 2,3-ʜʠʦʢʩʠʛʝʥʘʟʘ, 

ʬʝʨʨʝʜʦʢʩʠʥ (BphA3), 

pRHWK1 

IpbA3, AAP74040.1, Rhodococcus erythropolis BD2 

BtfA3, BAQ00538.1, Rhodococcus sp. 065240 

BnzA3, BAD95525.1, Rhodococcus opacus B4 

100 

100 

99 

ɹʠʬʝʥʠʣ 2,3-ʜʠʦʢʩʠʛʝʥʘʟʘ, 

ʬʝʨʨʝʜʦʢʩʠʥ ʨʝʜʫʢʪʘʟʘ 

(BphA4), ʂʌ 1.18.1.3, 

pRHWK1 

BnzA4, BAD95526.2, Rhodococcus opacus B4 

IpbA4, AAP74041.1, Rhodococcus erythropolis BD2 

BphAc, ABG99105.1, Rhodococcus jostii RHA1 

100 

100 

91 

2,3-ʜʠʛʠʜʨʦʢʩʠ-2,3-

ʜʠʛʠʜʨʦʙʠʬʝʥʠʣ 

ʜʝʛʠʜʨʦʛʝʥʘʟʘ (BphB),  

ʂʌ 1.3.1.87, pRHWK1 

BtfB, BAQ00541.1, Rhodococcus sp. 065240 

BnzB, BAD95528.1, Rhodococcus opacus B4 

BphB, ABG99101.1, Rhodococcus jostii RHA1 

100 

99 

99 

2,3-ʜʠʛʠʜʨʦʢʩʠʙʠʬʝʥʠʣ 

1,2-ʜʠʦʢʩʠʛʝʥʘʟʘ (BphC), 

ʂʌ 1.13.11.39, pRHWK1 

BphC, BAA06872.1, Rhodococcus jostii RHA1 

BnzC, BAD95527.2, Rhodococcus opacus B4 

IpbC, AAP74042.1, Rhodococcus erythropolis BD2 

100 

100 

100 

2-ʢʝʪʦ-4-ʧʝʥʪʝʥʦʘʪ 

ʛʠʜʨʘʪʘʟʘ (BphH(E)), 

ʂʌ 4.2.1.80, pRHWK1  

BphE3, ABG99132.1, Rhodococcus jostii RHA1 

2-ʢʝʪʦ-4-ʧʝʥʪʝʥʦʘʪ ʛʠʜʨʘʪʘʟʘ, BAH47233.1, 

Rhodococcus opacus B4 

MhpD4, ANS28948.1, Rhodococcus opacus 1CP 

92 

95 

 

97 

pRHWK2    

Ŭ-ʩʫʙʲʝʜʠʥʠʮʘ ʙʠʬʝʥʠʣ 

ʜʠʦʢʩʠʛʝʥʘʟʳ (BphA1),  

ʂʌ 1.14.12.18, pRHWK2 

 

NDOŬ, BAE53376.1, R. opacus TKN14 

NDOŬ, WP159929237.1, Rhodococcus sp. WAY2 

NDOŬ, AAR05106.1, Rhodococcus sp. P400 

98 

98 

97 

ɓ-ʩʫʙʲʝʜʠʥʠʮʘ ʙʠʬʝʥʠʣ 

ʜʠʦʢʩʠʛʝʥʘʟʳ (BphA2),  

ʂʌ 1.14.12.18, pRHWK2 

narAb, ADM94822.1, Rhodococcus sp. G10 

narAb, BAH47213.1, Rhodococcus opacus B4 

ʧʣʘʟʤʠʜʘ pROB02 ʠʜʝʥʪʠʯʥʘ ʭʨʦʤʦʩʦʤʥʦʡ 

nidB, BAE53377.1, Rhodococcus opacus TKN14 

100 

99 

 

99 

 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʘʤʠʥʦʢʠʩʣʦʪʥʳʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ bph-ʛʝʥʦʚ, 

ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ ʧʣʘʟʤʠʜʝ pRHWK1, ʠʤʝʶʪ ʥʘʠʙʦʣʴʰʠʡ ʫʨʦʚʝʥʴ ʩʭʦʜʩʪʚʘ 

ʩ ʘʤʠʥʦʢʠʩʣʦʪʥʳʤʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʤʠ ʛʦʤʦʣʦʛʠʯʥʳʭ ʬʝʨʤʝʥʪʦʚ 

ʠʟʚʝʩʪʥʦʛʦ ʰʪʘʤʤʘ-ʜʝʩʪʨʫʢʪʦʨʘ ʇʍɹ R. jostii RHA1, ʘ ʪʘʢʞʝ ʩ ʬʝʨʤʝʥʪʘʤʠ 

ʜʝʩʪʨʫʢʮʠʠ ʙʝʥʟʦʣʘ ʠ ʪʦʣʫʦʣʘ ʰʪʘʤʤʦʚ-ʜʝʩʪʨʫʢʪʦʨʦʚ ʘʨʦʤʘʪʠʯʝʩʢʠʭ 

ʩʦʝʜʠʥʝʥʠʡ (ʪʘʙʣʠʮʘ 11) (Suenaga et al., 2002; Zielinski et al., 2003; Furusava et 

https://www.ncbi.nlm.nih.gov/protein/110823824
https://www.ncbi.nlm.nih.gov/protein/62485020
https://www.ncbi.nlm.nih.gov/protein/37999971
https://www.ncbi.nlm.nih.gov/protein/110823823
https://www.ncbi.nlm.nih.gov/protein/226245904
https://www.ncbi.nlm.nih.gov/protein/18150582
https://www.ncbi.nlm.nih.gov/protein/33669046
https://www.ncbi.nlm.nih.gov/protein/733165936
https://www.ncbi.nlm.nih.gov/protein/62485022
https://www.ncbi.nlm.nih.gov/protein/226245905
https://www.ncbi.nlm.nih.gov/protein/33669047
https://www.ncbi.nlm.nih.gov/protein/110823822
https://www.ncbi.nlm.nih.gov/protein/733165939
https://www.ncbi.nlm.nih.gov/protein/62485025
https://www.ncbi.nlm.nih.gov/protein/110823818
https://www.ncbi.nlm.nih.gov/protein/510289
https://www.ncbi.nlm.nih.gov/protein/226245906
https://www.ncbi.nlm.nih.gov/protein/33669048
https://www.ncbi.nlm.nih.gov/protein/110823849
https://www.ncbi.nlm.nih.gov/protein/226245969
https://www.ncbi.nlm.nih.gov/protein/1043690430
https://www.ncbi.nlm.nih.gov/protein/306490584
https://www.ncbi.nlm.nih.gov/protein/226245949
https://www.ncbi.nlm.nih.gov/protein/82949297
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al., 2004; Ferraro et al., 2007). ʀʟʚʝʩʪʥʦ, ʯʪʦ bph-ʛʝʥʳ ʰʪʘʤʤʘ R. jostii RHA1 ʠ 

bnz-ʛʝʥʳ ʰʪʘʤʤʘ R. opacus B4, ʛʦʤʦʣʦʛʠʯʥʳʝ bph-ʛʝʥʘʤ ʰʪʘʤʤʘ ʂʊ112-7 

ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʥʘ ʧʣʘʟʤʠʜʘʭ: pRHL1 ʠ pROB02, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʣʘʟʤʠʜʘ 

pRHWK1 ʰʪʘʤʤʘ ʂʊ112-7 ʠ ʧʣʘʟʤʠʜʘ pROB02 ʰʪʘʤʤʘ B4 ʩʦʧʦʩʪʘʚʠʤʳ ʧʦ 

ʨʘʟʤʝʨʘʤ (281912 ʪ.ʧ.ʥ. ʠ 244997 ʪ.ʧ.ʥ., ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ) 

(http://nite.go.jp/nbrc/genom/projekt/annotation/B4.html). ʅʘʧʨʦʪʠʚ, ʨʘʟʤʝʨ 

ʧʣʘʟʤʠʜʳ pRHL1 ʰʪʘʤʤʘ R. jostii RHA1 ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʝʪʩʷ 

(1100 ʪ.ʧ.ʥ). ʇʦʨʷʜʦʢ ʨʘʩʧʦʣʦʞʝʥʠʷ ʛʝʥʦʚ ʚ ʦʧʝʨʦʥʘʭ ʜʘʥʥʳʭ ʰʪʘʤʤʦʚ ʪʘʢʞʝ 

ʩʦʚʧʘʜʘʝʪ: ʫ ʰʪʘʤʤʦʚ ʂʊ112-7 ʠ RHA1 - bphA1A2A3A4CB, ʫ ʰʪʘʤʤʘ ɺ4 ï 

bnzɸ1ɸ2ɸ3ɸ4ʉɺ (Na et al., 2005, Pieper, 2005). 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., 1997). ɸʥʘʣʠʟ ʥʫʢʣʝʦʪʠʜʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʛʝʥʘ bphA1 

ʰʪʘʤʤʘ ʂʊ112-7, ʧʦʣʫʯʝʥʥʳʭ ʚ ʨʝʟʫʣʴʪʘʪʝ ʘʤʧʣʠʬʠʢʘʮʠʠ (ʪʘʙʣʠʮʘ 8) ʠ 

ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʥʦʛʝʥʦʤʥʦʛʦ ʘʥʘʣʠʟʘ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, 

ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʥʳʝ ʚ ʥʘʩʪʦʷʱʝʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʧʨʘʡʤʝʨʳ ʧʦʟʚʦʣʠʣʠ 

ʚʳʷʚʠʪʴ ʛʝʥ bphA1, ʣʦʢʘʣʠʟʦʚʘʥʥʳʡ ʥʘ ʧʣʘʟʤʠʜʝ pRHWK1 ʰʪʘʤʤʘ ʂʊ112-7. 

ɸʤʠʥʦʢʠʩʣʦʪʥʳʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ, ʢʦʜʠʨʫʝʤʳʝ ʛʝʥʘʤʠ çʚʝʨʭʥʝʛʦè 

ʧʫʪʠ ʜʝʩʪʨʫʢʮʠʠ ʙʠʬʝʥʠʣʘ, ʨʘʩʧʦʣʦʞʝʥʥʳʤʠ ʥʘ ʭʨʦʤʦʩʦʤʝ ʠ ʥʘ ʧʣʘʟʤʠʜʝ 

pRHWK2, ʠʤʝʶʪ ʥʘʠʙʦʣʴʰʠʡ ʧʨʦʮʝʥʪ ʩʭʦʜʩʪʚʘ ʩ ʬʝʨʤʝʥʪʘʤʠ ʨʘʟʣʦʞʝʥʠʷ 

ʥʘʬʪʘʣʠʥʘ ʠ ʨʷʜʘ ʜʨʫʛʠʭ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʰʪʘʤʤʦʚ ʨʦʜʘ 

Rhodococcus (ʪʘʙʣʠʮʘ 11). ʇʦʜʦʙʥʦʝ ʩʦʯʝʪʘʥʠʝ ʛʝʥʦʚ ʜʝʩʪʨʫʢʮʠʠ ʙʠʬʝʥʠʣʘ ʚ 

ʦʜʥʦʤ ʰʪʘʤʤʝ (ʧʣʘʟʤʠʜʥʘʷ ʣʦʢʘʣʠʟʘʮʠʷ ʦʧʝʨʦʥʘ ʩ ʚʳʩʦʢʠʤ ʫʨʦʚʥʝʤ 

ʩʭʦʜʩʪʚʘ ʩ ʢʣʘʩʩʠʯʝʩʢʠʤʠ bph-ʛʝʥʘʤʠ ʠ ʭʨʦʤʦʩʦʤʥʘʷ ʣʦʢʘʣʠʟʘʮʠʷ ʦʧʝʨʦʥʘ ʩ 

ʚʳʩʦʢʠʤ ʫʨʦʚʥʝʤ ʩʭʦʜʩʪʚʘ ʩ ʛʝʥʘʤʠ ʜʝʩʪʨʫʢʮʠʠ ʥʘʬʪʘʣʠʥʘ) ʨʘʥʝʝ ʥʝ 

ʦʧʠʩʘʥʘ.  

ʀʥʪʝʨʝʩʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʘʤʠʥʦʢʠʩʣʦʪʥʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ 

ɓ-ʩʫʙʲʝʜʠʥʠʮʳ ʙʠʬʝʥʠʣ ʜʠʦʢʩʠʛʝʥʘʟʳ ʰʪʘʤʤʘ ʂʊ112-7 ʥʘ 100% ʩʦʚʧʘʜʘʝʪ ʩ 

ɓ-ʩʫʙʲʝʜʠʥʠʮʝʡ ʥʘʬʪʘʣʠʥ ʜʠʦʢʩʠʛʝʥʘʟʳ ʰʪʘʤʤʘ Rhodococcus sp. G10 

(ʪʘʙʣʠʮʘ 11). ʆʙʘ ʰʪʘʤʤʘ ʚʳʜʝʣʝʥʳ ʠʟ ʧʦʯʚ ʇʝʨʤʩʢʦʛʦ ʢʨʘʷ, ʥʦ ʠʟ ʨʘʟʥʳʭ 

http://nite.go.jp/nbrc/genom/projekt/annotation/B4.html)/
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ʵʢʦʪʦʧʦʚ. ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʝ ʛʝʥʳ ʨʘʩʧʦʣʦʞʝʥʳ 

ʥʘ ʭʨʦʤʦʩʦʤʝ, ʚ ʦʙʦʠʭ ʰʪʘʤʤʘʭ ʧʨʠʩʫʪʩʚʫʶʪ ʧʣʘʟʤʠʜʳ ʙʦʣʴʰʦʡ 

ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʳ (ʨʠʩʫʥʦʢ 29). ʅʘʣʠʯʠʝ ʤʦʙʠʣʴʥʳʭ ʛʝʥʝʪʠʯʝʩʢʠʭ 

ʵʣʝʤʝʥʪʦʚ (ʧʣʘʟʤʠʜ) ʤʦʞʝʪ ʷʚʣʷʪʴʩʷ ʦʩʥʦʚʦʡ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʛʝʥʦʚ ʤʝʞʜʫ 

ʰʪʘʤʤʘʤʠ ʨʘʟʣʠʯʥʳʭ ʤʝʩʪʦʦʙʠʪʘʥʠʡ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʛʝʥʳ ʜʝʩʪʨʫʢʮʠʠ ʤʦʛʫʪ 

ʨʘʩʧʦʣʘʛʘʪʴʩʷ ʚ ʪʨʘʥʩʧʦʟʦʥʘʭ (Pieper, 2005; Bhatt et al., 2021). ʄʦʞʥʦ 

ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʠʩʩʣʝʜʫʝʤʳʝ ʛʝʥʳ ʪʘʢʞʝ ʠʤʝʣʠ ʪʨʘʥʩʧʦʟʦʥʥʫʶ 

ʣʦʢʘʣʠʟʘʮʠʶ, ʯʪʦ ʦʙʫʩʣʦʚʠʣʦ ʠʭ ʚʩʪʨʘʠʚʘʥʠʝ ʚ ʭʨʦʤʦʩʦʤʫ ʰʪʘʤʤʘ. ʈʘʥʝʝ 

ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʰʪʘʤʤ ʂʊ112-7 ʠʩʧʦʣʴʟʫʝʪ ʥʘʬʪʘʣʠʥ ʚ ʢʘʯʝʩʪʚʝ ʨʦʩʪʦʚʦʛʦ 

ʩʫʙʩʪʨʘʪʘ, ʦʜʥʘʢʦ ʛʝʥʳ ʥʘʬʪʘʣʠʥ ʜʠʦʢʩʠʛʝʥʘʟʳ ʚʳʷʚʣʝʥʳ ʥʝ ʙʳʣʠ (ɽʛʦʨʦʚʘ ʠ 

ʜʨ., 2013). ʇʦʣʫʯʝʥʥʳʝ ʧʨʠ ʘʥʘʣʠʟʝ ʛʝʥʦʤʘ ʨʝʟʫʣʴʪʘʪʳ ʧʦʟʚʦʣʷʶʪ 

ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʬʫʥʢʮʠʶ ʦʢʠʩʣʝʥʠʷ ʥʘʬʪʘʣʠʥʘ ʚʳʧʦʣʥʷʝʪ ʙʠʬʝʥʠʣ 

ʜʠʦʢʩʠʛʝʥʘʟʘ, ʛʝʥʳ ʢʦʪʦʨʦʡ ʣʦʢʘʣʠʟʦʚʘʥʳ ʥʘ ʭʨʦʤʦʩʦʤʝ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʟʥʦʦʙʨʘʟʠʝ bph-ʛʝʥʦʚ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʛʝʥʦʤʝ 

ʰʪʘʤʤʘ ʂʊ112-7 ʦʙʫʩʣʦʚʣʠʚʘʝʪ ʝʛʦ ʫʥʠʢʘʣʴʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʨʘʟʣʘʛʘʪʴ 

ʨʘʟʣʠʯʥʳʝ ʢʦʥʛʝʥʝʨʳ ʭʣʦʨʠʨʦʚʘʥʥʳʭ ʙʠʬʝʥʠʣʦʚ ʠ ʠʭ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ 

ʧʨʦʠʟʚʦʜʥʳʭ (ʩʤ. ʛʣʘʚʳ 3, 5).  

 

4.3.3. ɻʝʥʳ ʜʝʩʪʨʫʢʮʠʠ (ʭʣʦʨ)-/(ʛʠʜʨʦʢʩʠ)- ʙʝʥʟʦʡʥʳʭ ʢʠʩʣʦʪ 

ʐʪʘʤʤ ʂʊ112-7 ʫʪʠʣʠʟʠʨʫʝʪ ʭʣʦʨʙʝʥʟʦʡʥʳʝ ʢʠʩʣʦʪʳ ï ʦʩʥʦʚʥʳʝ 

ʤʝʪʘʙʦʣʠʪʳ ʘʵʨʦʙʥʦʡ ʙʘʢʪʝʨʠʘʣʴʥʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʇʍɹ (ʩʤ. ɻʣʘʚʘ 3,6). 

ɸʥʘʣʠʟ ʛʝʥʦʤʘ ʧʦʢʘʟʘʣ, ʯʪʦ ʥʘ ʭʨʦʤʦʩʦʤʝ ʠ ʥʘ ʧʣʘʟʤʠʜʝ pRHWK1 

ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʦʧʝʨʦʥ lclRohbBAfcbT1 (ʨʠʩʫʥʦʢ 36, ʪʘʙʣʠʮʘ 12). ɺʝʨʦʷʪʥʦ, 

ʚʳʷʚʣʝʥʥʳʝ ʛʝʥʳ ʢʦʜʠʨʫʶʪ ʩʣʝʜʫʶʱʠʝ ʬʝʨʤʝʥʪʳ: lclR ï ʨʝʛʫʣʷʪʦʨʥʳʡ 

ʙʝʣʦʢ, ohbB ï Ŭ-ʩʫʙʲʝʜʠʥʠʮʫ ʦʨʪʦ-ʛʘʣʦʙʝʥʟʦʘʪ 1,2-ʜʠʦʢʩʠʛʝʥʘʟʳ, ohbA ï 

ɓ-ʩʫʙʲʝʜʠʥʠʮʫ ʦʨʪʦ-ʛʘʣʦʙʝʥʟʦʘʪ 1,2-ʜʠʦʢʩʠʛʝʥʘʟʳ, fcbT1 ï ʪʨʘʥʩʧʦʨʪʥʳʡ 

ʙʝʣʦʢ. ɺ ʨʝʟʫʣʴʪʘʪʝ BLAST-ʘʥʘʣʠʟʘ ʪʨʘʥʩʣʠʨʦʚʘʥʥʳʭ ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʙʣʠʟʢʠʤʠ ʬʝʨʤʝʥʪʘʤʠ 

ʷʚʣʷʪʁʩʷ ʜʠʦʢʩʠʛʝʥʘʟʳ, ʦʩʫʱʝʩʪʚʣʷʶʱʠʝ ʛʠʜʨʦʢʩʠʣʠʨʦʚʘʥʠʝ 
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ʘʨʦʤʘʪʠʯʝʩʢʦʛʦ ʢʦʣʴʮʘ ʰʪʘʤʤʦʚ-ʜʝʩʪʨʫʢʪʦʨʦʚ ʨʦʜʘ Rhodococcus 

(ʪʘʙʣʠʮʘ 12). ʅʘʣʠʯʠʝ ʛʝʥʦʚ ohbAB ʚ ʛʝʥʦʤʝ ʰʪʘʤʤʘ ʂʊ112-7 ʦʙʫʩʣʦʚʣʠʚʘʝʪ 

ʩʧʦʩʦʙʥʦʩʪʴ ʨʘʟʣʘʛʘʪʴ 2-ʭʣʦʨʙʝʥʟʦʡʥʫʶ ʢʠʩʣʦʪʫ.  

ʊʘʙʣʠʮʘ 12 ï ʉʨʘʚʥʝʥʠʝ ʪʨʘʥʩʣʠʨʦʚʘʥʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ 

ʛʝʥʦʚ ʜʝʩʪʨʫʢʮʠʠ ʛʠʜʨʦʢʩʠʣʠʨʦʚʘʥʥʳʭ ʠ ʭʣʦʨʠʨʦʚʘʥʥʳʭ ʙʝʥʟʦʡʥʳʭ 

ʢʠʩʣʦʪ, ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ ʘʥʘʣʠʟʝ ʛʝʥʦʤʘ ʰʪʘʤʤʘ ʂʊ112-7, 

ʩ ʛʦʤʦʣʦʛʠʯʥʳʤʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʤʠ ʠʟ ʙʘʟʳ ʜʘʥʥʳʭ GenBank   

ʌʝʨʤʝʥʪ, ʥʦʤʝʨ ʚ 

ʢʣʘʩʩʠʬʠʢʘʮʠʠ EC, 

ʣʦʢʘʣʠʟʘʮʠʷ ʢʦʜʠʨʫʶʱʝʛʦ 

ʝʛʦ ʛʝʥʘ 

ʅʘʠʙʦʣʝʝ ʙʣʠʟʢʠʝ ʛʦʤʦʣʦʛʠʯʥʳʝ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʠʟ GenBank, ʥʦʤʝʨ ʚ GenBank, 

ʰʪʘʤʤ-ʜʝʩʪʨʫʢʪʦʨ  

ʉʭʦʜʩ

ʪʚʦ, 

% 

1 2 3 

ʉʘʣʠʮʠʣʘʪ ʛʠʜʨʦʢʩʠʣʘʟʘ/ 2-

ʛʠʜʨʦʢʩʠʙʝʥʟʦʘʪ 

ʛʠʜʨʦʢʩʠʣʘʟʘ, ʂʌ 

1.14.13.1, 

ʭʨʦʤʦʩʦʤʘ, 1617 ʧ.ʥ. 

FAD-ʟʘʚʠʩʠʤʘʷ ʤʦʥʦʦʢʩʠʛʝʥʘʟʘ, QQZ12995.1, 

Rhodococcus sp. 21391 

ʤʦʥʦʦʢʩʠʛʝʥʘʟʘ, ANS25919.1, Rhodococcus opacus 

1CP 

ʤʦʥʦʦʢʩʠʛʝʥʘʟʘ, ABG96696.1, Rhodococcus jostii 

RHA1 

99 

 

98 

 

95 

 

4-ʛʠʜʨʦʢʩʠʙʝʥʟʦʘʪ 

ʛʠʜʨʦʢʩʠʣʘʟʘ, ʂʌ 1.14.13.2, 

ʭʨʦʤʦʩʦʤʘ, 1179 ʧ.ʥ. 

PobA, AHF21002.1, Rhodococcus opacus 557 

PobA, ANS30736.1, Rhodococcus opacus 1CP 

4-ʛʠʜʨʦʢʩʠʙʝʥʟʦʘʪ 3-ʤʦʥʦʦʢʩʠʛʝʥʘʟʘ, ABG94344.1, 

Rhodococcus jostii RHA1 

99 

98 

97 

FAD-ʟʘʚʠʩʠʤʘʷ 

ʤʦʥʦʦʢʩʠʛʝʥʘʟʘ/3-

ʛʠʜʨʦʢʩʠʙʝʥʟʦʘʪ 

ʛʠʜʨʦʢʩʠʣʘʟʘ, ʂʌ 1.14.13.-, 

ʭʨʦʤʦʩʦʤʘ, 1227 ʧ.ʥ. 

ʇʝʥʪʘʭʣʦʨʬʝʥʦʣ ʤʦʥʦʦʢʩʠʛʝʥʘʟʘ, ANS30121.1, 

Rhodococcus opacus 1CP 

FAD-ʟʘʚʠʩʠʤʘʷ ʦʢʩʠʜʦʨʝʜʫʢʪʘʟʘ, QDQ94206.1, 

Rhodococcus sp. WB9 

ʇʝʥʪʘʭʣʦʨʬʝʥʦʣ ʤʦʥʦʦʢʩʠʛʝʥʘʟʘ, ABG93750.1, 

Rhodococcus jostii RHA1 

99 

 

99 

 

93 

n-ʛʠʜʨʦʢʩʠʙʝʥʟʦʘʪ 

ʛʠʜʨʦʢʩʠʣʘʟʘ/3- 

ʛʠʜʨʦʢʩʠʙʝʥʟʦʘʪ 

ʛʠʜʨʦʢʩʠʣʘʟʘ, ʂʌ 1.14.13.-, 

ʭʨʦʤʦʩʦʤʘ, 1200 ʧ.ʥ. 

FAD-ʟʘʚʠʩʠʤʘʷ ʤʦʥʦʦʢʩʠʛʝʥʘʟʘ, QQZ15601.1, 

Rhodococcus sp. 21391 

3-ʛʠʜʨʦʢʩʠʙʝʥʟʦʘʪ 6-ʛʠʜʨʦʢʩʠʣʘʟʘ, QDQ94141.1, 

Rhodococcus sp. WB9 

3-ʛʠʜʨʦʢʩʠʙʝʥʟʦʘʪ 6-ʛʠʜʨʦʢʩʠʣʘʟʘ, ANS30049.1, 

Rhodococcus opacus 1CP 

99 

 

99 

 

99 

Ŭ-ʩʫʙʲʝʜʠʥʠʮʘ 

ʧʨʦʪʦʢʘʪʝʭʦʘʪ 3,4-

ʜʠʦʢʩʠʛʝʥʘʟʘ, ʂʌ 

1.13.11.3, ʭʨʦʤʦʩʦʤʘ, 

714 ʧ.ʥ. 

PcaG, ANS29566.1, Rhodococcus opacus 1CP 

PcaG, QDQ93627.1, Rhodococcus sp. WB9 

Ŭ-ʩʫʙʲʝʜʠʥʠʮʘ ʧʨʦʪʦʢʘʪʝʭʦʘʪ 3,4-ʜʠʦʢʩʠʛʝʥʘʟʘ, 

AHK32654.1, Rhodococcus opacus PD630 

99 

99 

97 

ɓ-ʩʫʙʲʝʜʠʥʠʮʘ 

ʧʨʦʪʦʢʘʪʝʭʦʘʪ 3,4-

ʜʠʦʢʩʠʛʝʥʘʟʘ, ʂʌ 

1.13.11.3, ʭʨʦʤʦʩʦʤʘ, 

642 ʧ.ʥ. 

PcaH, QDQ93627.1, Rhodococcus sp. WB9 

PcaH, ANS29565.1, Rhodococcus opacus 1CP 

pcaH, ABG93159.1, Rhodococcus jostii RHA1 

99 

99 

97 

   

https://www.ncbi.nlm.nih.gov/protein/1967787493
https://www.ncbi.nlm.nih.gov/protein/1043687401
https://www.ncbi.nlm.nih.gov/protein/110821412
https://www.ncbi.nlm.nih.gov/protein/571025134
https://www.ncbi.nlm.nih.gov/protein/1043692218
https://www.ncbi.nlm.nih.gov/protein/110819060
https://www.ncbi.nlm.nih.gov/protein/1043691603
https://www.ncbi.nlm.nih.gov/protein/1709487685
https://www.ncbi.nlm.nih.gov/protein/110818466
https://www.ncbi.nlm.nih.gov/protein/1967790099
https://www.ncbi.nlm.nih.gov/protein/1709487620
https://www.ncbi.nlm.nih.gov/protein/1043691531
https://www.ncbi.nlm.nih.gov/protein/1043691048
https://www.ncbi.nlm.nih.gov/protein/1709487106
https://www.ncbi.nlm.nih.gov/protein/589067795
https://www.ncbi.nlm.nih.gov/protein/1709487106
https://www.ncbi.nlm.nih.gov/protein/1043691047
https://www.ncbi.nlm.nih.gov/protein/110817875


170 
 

1 2 3 

ʦʨʪʦ-ʛʘʣʦʙʝʥʟʦʘʪ 1,2-

ʜʠʦʢʩʠʛʝʥʘʟʘ ISPŬ ʙʝʣʦʢ, 

ʂʌ 1.14.12.13, ʭʨʦʤʦʩʦʤʘ, 

1266 ʧ.ʥ. 

ʘʨʦʤʘʪʠʯʝʩʢʘʷ ɼʆ, WP167116034.1, Rhodococcus sp. 

A14 

ʘʨʦʤʘʪʠʯʝʩʢʘʷ ɼʆ, WP144288569.1, Rhodococcus sp. 

WB9 

ʘʨʦʤʘʪʠʯʝʩʢʘʷ ɼʆ, WP109335575.1, Rhodococcus sp. 

S2-17 

99.76 

 

98.81 

 

97.62 

ʦʨʪʦ-ʛʘʣʦʙʝʥʟʦʘʪ 1,2-

ʜʠʦʢʩʠʛʝʥʘʟʘ ISPɓ ʙʝʣʦʢ, 

ʂʌ 1.14.12.13, ʭʨʦʤʦʩʦʤʘ, 

471 ʧ.ʥ. 

ʘʨʦʤʘʪʠʯʝʩʢʘʷ ɼʆ, NDV05983.1, Rhodococcus sp. 

IEGM248 

ʘʨʦʤʘʪʠʯʝʩʢʘʷ ɼʆ, WP109335576.1, Rhodococcus sp. 

S2-17  

ʘʨʦʤʘʪʠʯʝʩʢʘʷ ɼʆ, WP197251146.1, Rhodococcus sp. 

CX 

99.36 

 

99.36 

 

94.23 

 

ʦʨʪʦ-ʛʘʣʦʙʝʥʟʦʘʪ 1,2-

ʜʠʦʢʩʠʛʝʥʘʟʘ ISPŬ ʙʝʣʦʢ, 

ʂʌ 1.14.12.13, pRHWK1, 

1266 ʧ.ʥ. 

ʘʨʦʤʘʪʠʯʝʩʢʘʷ ɼʆ, WP167116034.1, Rhodococcus sp. 

A14 

ʘʨʦʤʘʪʠʯʝʩʢʘʷ ɼʆ, WP144288569.1, Rhodococcus sp. 

WB9 

ʘʨʦʤʘʪʠʯʝʩʢʘʷ ɼʆ, WP109335575.1, Rhodococcus sp. 

S2-17 

99.76 

 

98.81 

 

97.62 

ʦʨʪʦ-ʛʘʣʦʙʝʥʟʦʘʪ 1,2-

ʜʠʦʢʩʠʛʝʥʘʟʘ ISPɓ ʙʝʣʦʢ, 

ʂʌ 1.14.12.13, pRHWK1, 

471 ʧ.ʥ. 

ʘʨʦʤʘʪʠʯʝʩʢʘʷ ɼʆ, NDV05983.1, Rhodococcus sp. 

IEGM248 

ʘʨʦʤʘʪʠʯʝʩʢʘʷ ɼʆ, WP109335576.1, Rhodococcus sp. 

S2-17  

ʘʨʦʤʘʪʠʯʝʩʢʘʷ ɼʆ, WP197251146.1, Rhodococcus sp. 

CX 

99.36 

 

99.36 

 

94.23 

 

 

ʅʘʧʨʦʪʠʚ, ʧʨʦʚʝʜʝʥʥʳʡ ʘʥʘʣʠʟ ʛʝʥʦʤʘ ʰʪʘʤʤʘ ʥʝ ʧʦʟʚʦʣʠʣ ʚʳʷʚʠʪʴ 

ʛʝʥʳ, ʢʦʜʠʨʫʶʱʠʝ ʬʝʨʤʝʥʪʳ ʨʘʟʣʦʞʝʥʠʷ 4-ʭʣʦʨʙʝʥʟʦʡʥʦʡ ʢʠʩʣʦʪʳ. ʄʦʞʥʦ 

ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʫʪʠʣʠʟʘʮʠʷ 4-ʍɹʂ ʧʨʦʠʩʭʦʜʠʪ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʬʝʨʤʝʥʪʦʚ, 

ʢʦʜʠʨʫʝʤʳʭ ʫʥʠʢʘʣʴʥʳʤʠ ʛʝʥʘʤʠ, ʣʠʙʦ ʟʘ ʩʯʝʪ ʰʠʨʦʢʦʡ ʩʫʙʩʪʨʘʪʥʦʡ 

ʩʧʝʮʠʬʠʯʥʦʩʪʠ ʜʨʫʛʠʭ ʛʝʥʦʚ, ʢʦʜʠʨʫʶʱʠʭ ʬʝʨʤʝʥʪʳ ʨʘʟʣʦʞʝʥʠʷ 

ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ. ʊʘʢ, ʚ ʛʝʥʦʤʝ ʰʪʘʤʤʘ ʂʊ112-7 ʚʳʷʚʣʝʥ ʛʝʥ 

ʨobA, ʢʦʜʠʨʫʶʱʠʡ ʬʝʨʤʝʥʪ 4-ʛʠʜʨʦʢʩʠʙʝʥʟʦʘʪ 3-ʤʦʥʦʦʢʩʠʛʝʥʘʟʫ/ 

4-ʛʠʜʨʦʢʩʠʙʝʥʟʦʘʪ ʛʠʜʨʦʢʩʠʣʘʟʫ (ʪʘʙʣʠʮʘ 12). ɻʦʤʦʣʦʛʠʯʥʳʝ ʛʝʥʳ ʩ ʚʳʩʦʢʠʤ 

ʫʨʦʚʥʝʤ ʩʭʦʜʩʪʚʘ ʧʨʠʩʫʪʩʚʫʶʪ ʚ ʛʝʥʦʤʘʭ ʰʪʘʤʤʦʚ R. opacus 1CP ʠ R. jostii 

RHA1, ʠʟʚʝʩʪʥʳʭ ʘʢʪʠʚʥʳʭ ʜʝʩʪʨʫʢʪʦʨʦʚ ʭʣʦʨʘʨʦʤʘʪʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ. 

ʄʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʜʘʥʥʳʡ ʬʝʨʤʝʥʪ ʦʩʫʱʝʩʪʚʣʷʝʪ ʘʪʘʢʫ 4-ʍɹʂ ʩ 

ʧʦʩʣʝʜʫʶʱʠʤ ʝʝ ʛʠʜʨʦʢʩʠʣʠʨʦʚʘʥʠʝʤ. ʌʝʨʤʝʥʪʳ ʰʪʘʤʤʘ Burkholderia sp. 

NK8, ʢʦʜʠʨʫʝʤʳʝ ʛʝʥʘʤʠ cbeABCD, ʦʩʫʱʝʩʪʚʣʷʶʪ ʦʢʠʩʣʝʥʠʝ 4-ʍɹʂ ʠ 3-ʍɹʂ 

ʜʦ 4-ʭʣʦʨʢʘʪʝʭʦʣʘ, ʜʘʣʴʥʝʡʰʘʷ ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʢʦʪʦʨʦʛʦ ʧʨʦʠʩʭʦʜʠʪ ʧʦ 
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ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʤʫ ʦʨʪʦ-ʧʫʪʠ (ʨʠʩʫʥʦʢ 7) (Francisco Jr et al., 2001). 

ɺ ʛʝʥʦʤʝ ʰʪʘʤʤʘ ʂʊ112-7 ʚʳʷʚʣʝʥʳ ʛʝʥʳ, ʦʩʫʱʝʩʪʚʣʷʶʱʠʝ ʦʢʠʩʣʝʥʠʝ 

3-ʛʠʜʨʦʢʩʠ-, 4-ʛʠʜʨʦʢʩʠ- ʠ 3,4-ʜʠʛʠʜʨʦʢʩʠ ʙʝʥʟʦʡʥʳʭ ʢʠʩʣʦʪ (ʪʘʙʣʠʮʘ 12). 

ʊʘʢʞʝ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʛʝʥʦʤʝ ʰʪʘʤʤʘ ʂʊ112-7 ʧʨʝʜʩʪʘʚʣʝʥʳ ʚʩʝ ʛʝʥʳ, 

ʦʩʫʱʝʩʪʚʣʷʶʱʠʝ ʨʘʟʣʦʞʝʥʠʝ ʢʘʪʝʭʦʣʘ ʠ ʭʣʦʨʢʘʪʝʭʦʣʦʚ ʜʦ ʩʦʝʜʠʥʝʥʠʡ ʮʠʢʣʘ 

ʂʨʝʙʩʘ (ʜʘʥʥʳʝ ʥʝ ʧʦʢʘʟʘʥʳ). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ 

ʨʘʟʣʦʞʝʥʠʝ 4-ʍɹʂ ʰʪʘʤʤʦʤ ʂʊ112-7 ʤʦʞʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʢʘʢ ʯʝʨʝʟ 

ʩʪʘʜʠʶ ʛʠʜʨʦʢʩʠʣʠʨʦʚʘʥʥʳʭ ʙʝʥʟʦʡʥʳʭ ʢʠʩʣʦʪ, ʪʘʢ ʠ ʯʝʨʝʟ ʦʙʨʘʟʦʚʘʥʠʝ 

ʭʣʦʨʢʘʪʝʭʦʣʦʚ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʘʥʘʣʠʟ ʛʝʥʦʤʘ ʰʪʘʤʤʘ ʂʊ112-7 ʚʳʷʚʠʣ ʫʥʠʢʘʣʴʥʦʝ 

ʩʦʯʝʪʘʥʠʝ ʛʝʥʦʚ ʜʝʩʪʨʫʢʮʠʠ ʙʠʬʝʥʠʣʘ/ʇʍɹ ʠ ʩʦʝʜʠʥʝʥʠʡ, ʦʙʨʘʟʫʶʱʠʭʩʷ 

ʧʨʠ ʘʵʨʦʙʥʦʡ ʙʘʢʪʝʨʠʘʣʴʥʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʙʠʬʝʥʠʣʘ/ʇʍɹ, ʯʪʦ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʠ ʜʘʥʥʦʛʦ ʰʪʘʤʤʘ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ 

ʠʟʫʯʝʥʠʷ ʠ ʧʨʠʤʝʥʝʥʠʷ ʚ ʪʝʭʥʦʣʦʛʠʷʭ ʨʘʟʣʦʞʝʥʠʷ ʙʠʬʝʥʠʣʘ ʠ ʝʛʦ 

ʧʨʦʠʟʚʦʜʥʳʭ. 

 

4.4. ʈʘʟʥʦʦʙʨʘʟʠʝ ʛʝʥʦʚ/ʬʝʨʤʝʥʪʦʚ, ʦʙʫʩʣʦʚʣʠʚʘʶʱʠʭ ʨʘʟʣʦʞʝʥʠʝ 

(ʭʣʦʨ)/(ʛʠʜʨʦʢʩʠ)ʙʝʥʟʦʡʥʳʭ ʢʠʩʣʦʪ ʠ (ʭʣʦʨ)ʢʘʪʝʭʦʣʦʚ, ʫ ʘʢʪʠʚʥʳʭ 

ʰʪʘʤʤʦʚ-ʜʝʩʪʨʫʢʪʦʨʦʚ ʠ ʙʘʢʪʝʨʠʘʣʴʥʳʭ ʘʩʩʦʮʠʘʮʠʡ 

ʈʘʟʣʦʞʝʥʠʝ ʙʠʬʝʥʠʣʘ ʠ ʝʛʦ ʟʘʤʝʱʝʥʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ (ʭʣʦʨʠʨʦʚʘʥʥʳʭ 

ʠ/ʠʣʠ ʛʠʜʨʦʢʩʠʣʠʨʦʚʘʥʥʳʭ ʙʠʬʝʥʠʣʦʚ) ʘʵʨʦʙʥʳʤʠ ʙʘʢʪʝʨʠʘʣʴʥʳʤʠ 

ʰʪʘʤʤʘʤʠ ʧʦ ʢʣʘʩʩʠʯʝʩʢʦʤʫ ʧʫʪʠ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʚ ʢʘʯʝʩʪʚʝ 

ʦʩʥʦʚʥʳʭ ʤʝʪʘʙʦʣʠʪʦʚ ʪʘʢʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʢʘʢ ʙʝʥʟʦʡʥʘʷ ʢʠʩʣʦʪʘ, ʤʦʥʦ-, ʜʠ- 

ʠ ʪʨʠ-ʭʣʦʨʙʝʥʟʦʡʥʳʝ ʢʠʩʣʦʪʳ, ʤʦʥʦ- ʠ ʜʠ-ʛʠʜʨʦʢʩʠʙʝʥʟʦʡʥʳʝ ʢʠʩʣʦʪʳ, ʘ 

ʪʘʢʞʝ (ʭʣʦʨ)ʢʘʪʝʭʦʣʳ (ʨʠʩʫʥʦʢ 3) (Maltseva et al., 1999; Pieper, 2005). ɺ ʩʚʦʶ 

ʦʯʝʨʝʜʴ, ʜʘʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʷʚʣʷʶʪʩʷ ʪʦʢʩʠʯʥʳʤʠ ʜʣʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʠ 

ʠʭ ʥʘʢʦʧʣʝʥʠʝ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʥʝʛʘʪʠʚʥʳʤ ʧʦʩʣʝʜʩʪʚʠʷʤ. ɺ ʤʠʢʨʦʙʠʦʤʝ 

ʧʦʯʚ, ʜʣʠʪʝʣʴʥʦʝ ʚʨʝʤʷ ʟʘʛʨʷʟʥʸʥʥʳʭ ʘʨʦʤʘʪʠʯʝʩʢʠʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ, ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʩʝʣʝʢʮʠʠ ʬʦʨʤʠʨʫʝʪʩʷ ʧʫʣ ʘʵʨʦʙʥʳʭ ʙʘʢʪʝʨʠʡ, ʩʧʦʩʦʙʥʳʭ 

ʨʘʟʣʘʛʘʪʴ ʜʘʥʥʳʝ ʚʝʱʝʩʪʚʘ (Field, Sierra-Alvarez, 2008).  
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4.4.1. ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʛʝʥʦʚ/ʬʝʨʤʝʥʪʦʚ, ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʤʝʪʘʙʦʣʠʟʤʝ 

(ʭʣʦʨ)/(ʛʠʜʨʦʢʩʠ)ʙʝʥʟʦʡʥʳʭ ʢʠʩʣʦʪ ʠ (ʭʣʦʨ)ʢʘʪʝʭʦʣʦʚ, ʘʢʪʠʚʥʳʭ 

ʙʘʢʪʝʨʠʡ-ʜʝʩʪʨʫʢʪʦʨʦʚ ʇʍɹ 

ʉʧʦʩʦʙʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ʫʛʣʝʨʦʜʘ ʦʩʥʦʚʥʳʝ 

ʤʝʪʘʙʦʣʠʪʳ ʙʠʬʝʥʠʣʘ/ʇʍɹ, ʦʙʨʘʟʫʶʱʠʝʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʘʵʨʦʙʥʦʡ 

ʙʘʢʪʝʨʠʘʣʴʥʦʡ ʜʝʩʪʨʫʢʮʠʠ, ʠʟʫʯʝʥʘ ʫ ʰʪʘʤʤʦʚ R. ruber P25, R. wratislaviensis 

P1, R. wratislaviensis G10 ʠ M. oxydans B51, ʚʳʜʝʣʝʥʥʳʭ ʠʟ ʧʦʯʚʝʥʥʳʭ 

ʦʙʨʘʟʮʦʚ, ʦʪʦʙʨʘʥʥʳʭ ʩ ʪʝʨʨʠʪʦʨʠʡ ʧʨʝʜʧʨʠʷʪʠʡ ʇʝʨʤʠ ʠ ʇʝʨʤʩʢʦʛʦ ʢʨʘʷ 

(ʪʘʙʣʠʮʘ 13, ʇʨʠʣʦʞʝʥʠʝ 3).  

 

ʊʘʙʣʠʮʘ 13 ï ʈʦʩʪ ʰʪʘʤʤʦʚ ʥʘ ʙʝʥʟʦʡʥʦʡ ʢʠʩʣʦʪʝ ʠ ʝʝ ʭʣʦʨ- ʠ 

ʛʠʜʨʦʢʩʠ-ʧʨʦʠʟʚʦʜʥʳʭ 

ʉʫʙʩʪʨʘʪ R. ruber P25 R. wratislaviensis P1 R. wratislaviensis G10 M. oxydans B51 

ɹʝʥʟʦʡʥʘʷ 

ʢʠʩʣʦʪʘ (ɹʂ) 

++++* ++++ ++++ ++ 

2-ʅʆ-ɹʂ ++ ++++ +++ ++ 

3-ʅʆ-ɹʂ ++++ ++++ ++++ +++ 

4-ʅʆ-ɹʂ ++++ ++++ ++++ +++ 

2,5-ʜʠʅʆ-ɹʂ ++++ ++++ ++++ ++ 

3,4-ʜʠʅʆ-ɹʂ ++++ ++ ++++ ++++ 

2-ʍɹʂ +++ ++ ++ +++ 

3-ʍɹʂ +++ +++ +++ +++ 

4-ʍɹʂ +++ ++ ++ ++++ 

2,3-ʜʠʍɹʂ ++ + ++ ++ 

2,4-ʜʠʍɹʂ ++ + ++ ++ 

2,5-ʜʠʍɹʂ + + ++ +++ 

2,6-ʜʠʍɹʂ ++ +++ ++ +++ 

3,5-ʜʠʍɹʂ + + +++ ++ 

3,4-ʜʠʍɹʂ ++ + +++ + 

*ʦʪ + ʜʦ ++++ - ʢʘʯʝʩʪʚʝʥʥʘʷ ʦʮʝʥʢʘ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʨʦʩʪʘ ʰʪʘʤʤʦʚ ʥʘ 

ʜʘʥʥʳʭ ʩʫʙʩʪʨʘʪʘʭ. ʈʘʩʰʠʬʨʦʚʢʘ ʩʫʙʩʪʨʘʪʦʚ ʧʨʠʚʦʜʠʪʩʷ ʚ ʉʧʠʩʢʝ 

ʩʦʢʨʘʱʝʥʠʡ, ʘ ʪʘʢʞʝ ʚ ʨʘʟʜʝʣʝ 2.3 

 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʰʪʘʤʤʳ ʵʬʬʝʢʪʠʚʥʦ ʠʩʧʦʣʴʟʦʚʘʣʠ ʚ ʢʘʯʝʩʪʚʝ 

ʨʦʩʪʦʚʦʛʦ ʩʫʙʩʪʨʘʪʘ ʥʝʟʘʤʝʱʝʥʥʫʶ ʙʝʥʟʦʡʥʫʶ ʢʠʩʣʦʪʫ, ʦʩʥʦʚʥʦʡ ʤʝʪʘʙʦʣʠʪ 

ʘʵʨʦʙʥʦʡ ʜʝʩʪʨʫʢʮʠʠ ʙʠʬʝʥʠʣʘ (ʪʘʙʣʠʮʘ 13, ʨʠʩʫʥʦʢ 38). ɸʥʘʣʠʟ ʨʦʩʪʦʚʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʢʘʟʘʣ, ʯʪʦ ʧʨʠ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʰʪʘʤʤʦʚ R. ruber P25 ʠ 
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M. oxydans B51 ʥʘ ɹʂ ʫʜʝʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʨʦʩʪʘ ʩʦʩʪʘʚʣʷʣʘ 0.033 ʯ-1 ʠ 0.028 ʯ-1 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʦʜʥʘʢʦ ʫ ʰʪʘʤʤʘ M. oxydans B51 ʥʘʙʣʶʜʘʣʘʩʴ ʜʣʠʪʝʣʴʥʘʷ 

ʧʦʜʛʦʪʦʚʠʪʝʣʴʥʘʷ ʬʘʟʘ ʨʦʩʪʘ. 

 

 

ʈʠʩʫʥʦʢ 38 ï ʈʦʩʪ ʰʪʘʤʤʦʚ R. ruber  P25 (ʘ) ʠ Microbacterium  sp. B51 

(ʙ) ʥʘ ʙʝʥʟʦʡʥʦʡ (1), 2-ʍɹʂ (2ʙ), 3-ʍɹʂ (3), 4-ʍɹʂ (2ʘ), 4-ʅʆ-ɹʂ (4) ʠ 

2,5-ʜʠʅʆ-ɹʂ (5) 

 

ʉʧʦʩʦʙʥʦʩʪʴ ʦʩʫʱʝʩʪʚʣʷʪʴ ʦʢʠʩʣʝʥʠʝ ʙʝʥʟʦʡʥʦʡ ʢʠʩʣʦʪʳ ʦʙʫʩʣʦʚʣʝʥʘ 

ʥʘʣʠʯʠʝʤ ʙʝʥʟʦʘʪ 1,2-ʜʠʦʢʩʠʛʝʥʘʟʳ (BenA) ʫ ʠʩʩʣʝʜʫʝʤʳʭ ʰʪʘʤʤʦʚ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʘʥʘʣʠʟʘ ʥʫʢʣʝʦʪʠʜʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

benA ʰʪʘʤʤʦʚ R. ruber P25, R. wratislaviensis G10, R. wratislaviensis ʈ1 ʠʤʝʝʪ 

ʥʘʠʙʦʣʴʰʝʝ ʩʭʦʜʩʪʚʦ ʩ ʛʝʥʦʤ ʙʝʥʟʦʘʪ 1,2-ʜʠʦʢʩʠʛʝʥʘʟʳ ʰʪʘʤʤʦʚ-

ʜʝʩʪʨʫʢʪʦʨʦʚ ʇʍɹ ʨʦʜʘ Rhodococcus, ʘ benAɺ51 - ʩ ʛʝʥʦʤ Ŭ-ʩʫʙʲʝʜʠʥʠʮʳ 

ʙʝʥʟʦʘʪ 1,2-ʜʠʦʢʩʠʛʝʥʘʟʳ ʰʪʘʤʤʦʚ ʨʦʜʘ Arthrobacter (ʪʘʙʣʠʮʘ 13, 

ʨʠʩʫʥʦʢ 39). 
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ʊʘʙʣʠʮʘ 14 ï ʉʭʦʜʩʪʚʦ ʘʤʧʣʠʬʠʮʠʨʦʚʘʥʥʳʭ ʬʨʘʛʤʝʥʪʦʚ ʛʝʥʘ benA 

ʩ ʛʦʤʦʣʦʛʠʯʥʳʤʠ ʛʝʥʘʤʠ ʰʪʘʤʤʦʚ-ʜʝʩʪʨʫʢʪʦʨʦʚ 

ʐʪʘʤʤ, ʨʘʟʤʝʨ 

ʬʨʘʛʤʝʥʪʘ  

ʅʘʠʙʦʣʝʝ ʙʣʠʟʢʠʡ ʛʦʤʦʣʦʛʠʯʥʳʡ ʛʝʥ, ʰʪʘʤʤ, 

ʥʦʤʝʨ ʚ GenBank 

ʋʨʦʚʝʥʴ 

ʩʭʦʜʩʪʚʘ, % 

R. wratislaviensis ʈ1, 

467 ʧ.ʥ. 

 

benA, Rhodococcus jostii RHA1, AB048706.1 

benA, Rhodococcus sp. DK17, EU833983.1 

benA, Rhodococcus opacus PD630, CP003949.1 

99 

99 

97 

R. ruber ʈ25,  

493 ʧ.ʥ. 

 

benA, Rhodococcus sp. AF279141.1 

benA, Rhodococcus jostii RHA1, AB048706.1) 

benA, Rhodococcus sp. DK17, EU833983.1 

93 

88 

88 

R. wratislaviensis G10, 

539 ʧ.ʥ. 

 

benA, Rhodococcus jostii RHA1, AB048706.1 

benA, Rhodococcus sp. DK17, EU833983.1 

benA, Rhodococcus opacus B4, AP011115.1 

97 

97 

95 

M. oxydans B51,  

262 ʧ.ʥ. 

benA, Arthrobacter crystallopoietes DSM20117, 

CP018863.1 

benA, Arthrobacter crystallopoietes NT16, 

CP072014.1 

benA, Rhodococcus sp. DK17, EU833983.1 

97 

 

96 

 

90 

 

 

 

ʈʠʩʫʥʦʢ 39 ï ɼʝʨʝʚʦ ʩʭʦʜʩʪʚʘ ʥʫʢʣʝʦʪʠʜʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ, 

ʛʦʤʦʣʦʛʠʯʥʳʭ ʠʩʩʣʝʜʫʝʤʳʤ ʫʯʘʩʪʢʘʤ ʛʝʥʦʚ Ŭ-ʩʫʙʲʝʜʠʥʠʮʳ ʙʝʥʟʦʘʪ 

1,2-ʜʠʦʢʩʠʛʝʥʘʟʳ, ʧʦʩʪʨʦʝʥʥʦʝ ʤʝʪʦʜʦʤ UPGMA. ʄʘʩʰʪʘʙ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

10 ʥʫʢʣʝʦʪʠʜʥʳʤ ʟʘʤʝʥʘʤ ʥʘ ʢʘʞʜʳʝ 100 ʧʘʨ ʥʫʢʣʝʦʪʠʜʦʚ. ñBootstrapò - 

ʘʥʘʣʠʟ ʧʨʦʚʝʜʝʥ ʥʘ 1000 ʧʦʚʪʦʨʥʦʩʪʷʭ. ɾʠʨʥʳʤ ʰʨʠʬʪʦʤ ʚʳʜʝʣʝʥʳ 

ʰʪʘʤʤʳ, ʥʫʢʣʝʦʪʠʜʥʳʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʢʦʪʦʨʳʭ ʠʩʩʣʝʜʦʚʘʥʳ ʚ 

ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ 
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ɺ ʨʝʟʫʣʴʪʘʪʝ ʢʣʘʩʪʝʨʥʦʛʦ ʘʥʘʣʠʟʘ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ benAG10 ʠ benAʈ1 

ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚ ʦʜʥʦʤ ʢʣʘʩʪʝʨʝ, ʥʘʠʙʦʣʝʝ ʙʣʠʟʢʠʤʠ ʜʣʷ ʥʠʭ ʷʚʣʷʶʪʩʷ 

ʙʝʥʟʦʘʪ 1,2-ʜʠʦʢʩʠʛʝʥʘʟʳ ʰʪʘʤʤʦʚ R. jostii RHA1 ʠ Rhodococcus sp. DK17, 

ʪʦʛʜʘ ʢʘʢ Ŭ-ʩʫʙʲʝʜʠʥʠʮʳ ʙʝʥʟʦʘʪ 1,2-ʜʠʦʢʩʠʛʝʥʘʟʳ ʰʪʘʤʤʦʚ R. ruber ʈ25 ʠ 

M. oxydans B51 ʥʘʭʦʜʷʪʩʷ ʚ ʜʨʫʛʠʭ ʢʣʘʩʪʝʨʘʭ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ 

ʨʘʟʣʠʯʠʠ ʤʝʞʜʫ benɸ-ʛʝʥʘʤʠ ʜʘʥʥʳʭ ʰʪʘʤʤʦʚ (ʨʠʩʫʥʦʢ 39). 

ʇʨʠ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʰʪʘʤʤʦʚ ʥʘ ʙʝʥʟʦʡʥʦʡ ʢʠʩʣʦʪʝ ʚʳʷʚʣʝʥʘ 

ʘʢʪʠʚʥʦʩʪʴ ʬʝʨʤʝʥʪʦʚ, ʦʙʫʩʣʦʚʣʠʚʘʶʱʠʭ ʪʨʘʥʩʬʦʨʤʘʮʠʶ ɹʂ ʢʘʢ ʯʝʨʝʟ 

ʩʪʘʜʠʶ ʦʙʨʘʟʦʚʘʥʠʷ ʢʘʪʝʭʦʣʘ, ʪʘʢ ʠ ʯʝʨʝʟ ʩʪʘʜʠʶ ʦʙʨʘʟʦʚʘʥʠʷ 

3,4-ʜʠʛʠʜʨʦʢʩʠʙʝʥʟʦʡʥʦʡ ʢʠʩʣʦʪʳ (ʪʘʙʣʠʮʘ 15, ʨʠʩʫʥʦʢ 40). 

ʊʘʙʣʠʮʘ 15 ï ʋʜʝʣʴʥʘʷ ʘʢʪʠʚʥʦʩʪʴ (ʤʢʄ/ʤʠʥĿʤʛ) ʬʝʨʤʝʥʪʦʚ 

ʨʘʟʣʦʞʝʥʠʷ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʫ ʠʩʩʣʝʜʫʝʤʳʭ ʰʪʘʤʤʦʚ, ʧʨʠ 

ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʥʘ ɹʂ 

ʌʝʨʤʝʥʪ R. wratislaviensis ʈ1 R. wratislaviensis G10 R. ruber P25 M. oxydans B51 

ʂʘʪ 1,2-ɼʆ 0.09 0.07 0.87 2.297 

ʂʘʪ 2,3-ɼʆ 0 0.003 0/0.02**  0/5.15***  

ʄʎʀ 0.05 0.007 0.012 0.035 

ʇʂʂ 2,3-ɼʆ 0 0 0 0 

ʇʂʂ 3,4-ɼʆ 0.17 0.13 0.04 0 

ʇʂʂ 4,5-ɼʆ 0 0 0/15.0**  0 

ɻʝʥʪʠʟʘʪ ɼʆ 0 0 0 0.178 

ʇɻɹɻ 0 0 0/11.67**  0 

ʉʘʣʠʮʠʣʘʪ 

ʛʠʜʨʦʢʩʠʣʘʟʘ 

ʥ.ʦ.* 0 0 0/5.46***  

* ʥ.ʦ. ï ʥʝ ʦʧʨʝʜʝʣʷʣʠ, ** ï  ʧʨʠ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʰʪʘʤʤʘ ʈ25 ʥʘ 

4-ʍɹʂ, *** ï  ʧʨʠ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʰʪʘʤʤʘ ɺ51 ʥʘ 2-ʍɹʂ 

 

ʇʨʠ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʥʘ ʙʝʥʟʦʡʥʦʡ ʢʠʩʣʦʪʝ ʚʦ ʚʩʝʭ ʰʪʘʤʤʘʭ ʚʳʷʚʣʝʥʘ 

ʘʢʪʠʚʥʦʩʪʴ ʢʘʪʝʭʦʣ 1,2-ʜʠʦʢʩʠʛʝʥʘʟʳ ʠ ʤʫʢʦʥʘʪ ʮʠʢʣʦʠʟʦʤʝʨʘʟʳ, ʯʪʦ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʨʘʟʣʦʞʝʥʠʠ ʙʝʥʟʦʡʥʦʡ ʢʠʩʣʦʪʳ ʯʝʨʝʟ ʩʪʘʜʠʶ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʘʪʝʭʦʣʘ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʪʨʘʥʩʬʦʨʤʘʮʠʝʡ ʧʦ ʦʨʪʦ-ʧʫʪʠ. 
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ʈʠʩʫʥʦʢ 40 ï ʉʭʝʤʘ ʙʘʢʪʝʨʠʘʣʴʥʦʡ ʜʝʩʪʨʫʢʮʠʠ ʙʝʥʟʦʡʥʦʡ ʢʠʩʣʦʪʳ, 

ʧʦʩʪʨʦʝʥʥʘʷ ʥʘ ʦʩʥʦʚʘʥʠʠ ʩʫʙʩʪʨʘʪʥʦʡ ʩʧʝʮʠʬʠʯʥʦʩʪʠ ʠ ʬʝʨʤʝʥʪʥʦʛʦ 

ʧʨʦʬʠʣʷ ʰʪʘʤʤʦʚ R. ruber P25, R. wratislaviensis P1, R. wratislaviensis G10 

ʠ M. oxydans B51 

 

ʀʥʪʝʨʝʩʥʳʤ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʬʘʢʪ, ʯʪʦ ʢʘʪʝʭʦʣ 2,3-ʜʠʦʢʩʠʛʝʥʘʟʘ ʧʨʠ 

ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʥʘ ʙʝʥʟʦʡʥʦʡ ʢʠʩʣʦʪʝ ʵʢʩʧʨʝʩʩʠʨʫʝʪʩʷ ʪʦʣʴʢʦ ʚ ʰʪʘʤʤʝ 

R. wratislaviensis G10 ʚ ʩʣʝʜʦʚʳʭ ʢʦʣʠʯʝʩʪʚʘʭ. ʆʜʥʘʢʦ, ʚ ʩʣʫʯʘʝ ʟʘʤʝʥʳ 

ʩʫʙʩʪʨʘʪʘ ʥʘ ʭʣʦʨʙʝʥʟʦʡʥʫʶ ʢʠʩʣʦʪʫ, ʘʢʪʠʚʥʦʩʪʴ ʜʘʥʥʦʛʦ ʬʝʨʤʝʥʪʘ 

ʬʠʢʩʠʨʫʝʪʩʷ ʫ ʰʪʘʤʤʦʚ ɺ51 ʠ ʈ25 (ʪʘʙʣʠʮʘ 15). ɼʘʥʥʳʡ ʬʘʢʪ ʫʢʘʟʳʚʘʝʪ ʥʘ 

ʪʦ, ʯʪʦ ʚ ʰʪʘʤʤʘʭ M. oxydans B51 ʠ R. ruber ʈ25 ʧʨʝʜʩʪʘʚʣʝʥʳ ʦʙʘ ʬʝʨʤʝʥʪʘ, 

ʥʦ ʵʢʩʧʨʝʩʩʠʷ ʟʘʚʠʩʠʪ ʦʪ ʩʫʙʩʪʨʘʪʘ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ. 
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ʂʨʦʤʝ ʬʝʨʤʝʥʪʦʚ, ʦʙʫʩʣʦʚʣʠʚʘʶʱʠʭ ʨʘʟʣʦʞʝʥʠʝ ɹʂ ʧʦ 

çʢʘʪʝʭʦʣʴʥʦʤʫè ʧʫʪʠ, ʚʳʷʚʣʝʥʘ ʘʢʪʠʚʥʦʩʪʴ ʧʨʦʪʦʢʘʪʝʭʦʘʪ 3,4-ʜʠʦʢʩʠʛʝʥʘʟʳ 

(ʪʘʙʣʠʮʘ 15, ʨʠʩʫʥʦʢ 40). ɼʘʥʥʳʡ ʬʝʨʤʝʥʪ ʷʚʣʷʝʪʩʷ ʧʨʝʜʩʪʘʚʠʪʝʣʝʤ ʛʨʫʧʧʳ 

ʠʥʪʨʘʜʠʦʣʴʥʳʭ ʜʠʦʢʩʠʛʝʥʘʟ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʜʝʡʩʪʚʠʷ ʢʦʪʦʨʦʛʦ ʧʨʦʠʩʭʦʜʠʪ 

ʦʢʠʩʣʝʥʠʝ ʘʨʦʤʘʪʠʯʝʩʢʦʛʦ ʢʦʣʴʮʘ ʜʦ 3-ʢʘʨʙʦʢʩʠ-ʮʠʩ,ʮʠʩ-ʤʫʢʦʥʦʚʦʡ ʢʠʩʣʦʪʳ. 

ɸʢʪʠʚʥʦʩʪʴ ʇʂʂ 3,4-ɼʆ ʫ ʰʪʘʤʤʦʚ R. wratislaviensis ʈ1 ʠ R. wratislaviensis 

G10, ʚʳʨʘʱʝʥʥʳʭ ʥʘ ʙʝʥʟʦʡʥʦʡ ʢʠʩʣʦʪʝ, ʚ 1.8ï1.9 ʨʘʟʘ ʚʳʰʝ, ʯʝʤ ʘʢʪʠʚʥʦʩʪʴ 

ʢʘʪ 1,2-ɼʆ. ɺʝʨʦʷʪʥʦ, ʜʘʥʥʳʝ ʰʪʘʤʤʳ ʩʧʦʩʦʙʥʳ ʦʢʠʩʣʷʪʴ ʙʝʥʟʦʡʥʫʶ 

ʢʠʩʣʦʪʫ ʧʦ ʜʚʫʤ ʤʝʪʘʙʦʣʠʯʝʩʢʠʤ ʧʫʪʷʤ ï ʯʝʨʝʟ ʩʪʘʜʠʶ ʦʙʨʘʟʦʚʘʥʠʷ ʢʘʪʝʭʦʣʘ 

ʠ ʯʝʨʝʟ ʩʪʘʜʠʶ ʦʙʨʘʟʦʚʘʥʠʷ ʧʨʦʪʦʢʘʪʝʭʦʚʦʡ ʢʠʩʣʦʪʳ (ʨʠʩʫʥʦʢ 40). ʋ ʰʪʘʤʤʘ 

M. oxydans B51 ʧʨʦʪʦʢʘʪʝʭʦʘʪ ʜʠʦʢʩʠʛʝʥʘʟ ʥʝ ʚʳʷʚʣʝʥʦ, ʦʜʥʘʢʦ ʚ ʢʣʝʪʦʯʥʦʤ 

ʵʢʩʪʨʘʢʪʝ ʟʘʬʠʢʩʠʨʦʚʘʥʘ ʘʢʪʠʚʥʦʩʪʴ ʛʝʥʪʠʟʘʪ-ʜʠʦʢʩʠʛʝʥʘʟʳ. ʊʘʢʦʝ ʩʦʯʝʪʘʥʠʝ 

ʬʝʨʤʝʥʪʦʚ ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʝʪ ʰʪʘʤʤ M. oxydans B51 ʦʪ ʠʟʚʝʩʪʥʳʭ 

ʜʝʩʪʨʫʢʪʦʨʦʚ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ.  

 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʰʪʘʤʤʳ R. ruber P25, R. wratislaviensis P1, 

R. wratislaviensis G10 ʠ M. oxydans B51 ʨʦʩʣʠ ʥʝ ʪʦʣʴʢʦ ʥʘ ʥʝʟʘʤʝʱʝʥʥʦʡ 

ʙʝʥʟʦʡʥʦʡ ʢʠʩʣʦʪʝ, ʥʦ ʠ ʥʘ ʤʦʥʦ-ʭʣʦʨʠʨʦʚʘʥʥʳʭ ʠʣʠ ʤʦʥʦ-

ʛʠʜʨʦʢʩʠʣʠʨʦʚʘʥʥʳʭ ʙʝʥʟʦʡʥʳʭ ʢʠʩʣʦʪʘʭ ʠ ʥʘ ʜʠʭʣʦʨʙʝʥʟʦʡʥʳʭ ʢʠʩʣʦʪʘʭ. 

ʉʨʘʚʥʝʥʠʝ ʨʦʩʪʦʚʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʤʦʥʦ-ʟʘʤʝʱʝʥʥʳʝ ɹʂ 

ʷʚʣʷʶʪʩʷ ʙʦʣʝʝ ʜʦʩʪʫʧʥʳʤ ʩʫʙʩʪʨʘʪʦʤ, ʯʝʤ ʜʠ-ʟʘʤʝʱʝʥʥʳʝ (ʪʘʙʣʠʮʘ 13, 

ʨʠʩʫʥʦʢ 38).  

ʐʪʘʤʤ R. ruber P25 ʵʬʬʝʢʪʠʚʥʦ ʨʦʩ ʥʘ 3-ʭʣʦʨ-, 4-ʭʣʦʨ-, 4-ʛʠʜʨʦʢʩʠ- ʠ 

2,5-ʜʠʛʠʜʨʦʢʩʠ-ʙʝʥʟʦʡʥʳʭ ʢʠʩʣʦʪʘʭ (ʨʠʩʫʥʦʢ 38ʘ). ʋʜʝʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʨʦʩʪʘ 

ʚʘʨʴʠʨʦʚʘʣʘ ʚ ʜʠʘʧʘʟʦʥʝ 0.018ï0.03 ʯ-1. ʐʪʘʤʤ M. oxydans B51 ʵʬʬʝʢʪʠʚʥʦ 

ʨʦʩ ʥʘ 2-ʭʣʦʨ-, 3-ʭʣʦʨ-, 4-ʛʠʜʨʦʢʩʠ- ʠ 2,5-ʜʠʛʠʜʨʦʢʩʠ-ʙʝʥʟʦʡʥʳʭ ʢʠʩʣʦʪʘʭ 

(ʨʠʩʫʥʦʢ 38ʙ). ʋʜʝʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʨʦʩʪʘ ʩʦʩʪʘʚʠʣʘ 0.024ï0.039 ʯ-1, ʧʨʠ ʵʪʦʤ 

ʜʣʠʪʝʣʴʥʦʡ ʧʦʜʛʦʪʦʚʠʪʝʣʴʥʦʡ ʬʘʟr ʨʦʩʪʘ ʧʨʠ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʥʘ 2- ʠ 

3-ʭʣʦʨʙʝʥʟʦʘʪʝ ʥʝ ʦʪʤʝʯʘʝʪʩʷ. 
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ʉʧʦʩʦʙʥʦʩʪʴ ʢ ʨʘʟʣʦʞʝʥʠʶ (ʭʣʦʨ)/(ʛʠʜʨʦʢʩʠ)-ʙʝʥʟʦʡʥʳʭ ʢʠʩʣʦʪ ʤʦʞʝʪ 

ʙʳʪʴ ʦʙʫʩʣʦʚʣʝʥʘ ʢʘʢ ʥʘʣʠʯʠʝʤ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʛʝʥʦʚ/ʬʝʨʤʝʥʪʦʚ ʧʝʨʚʠʯʥʦʡ 

ʘʪʘʢʠ, ʪʘʢ ʠ ʧʨʠʩʫʪʩʪʚʠʝʤ ʛʝʥʦʚ/ʬʝʨʤʝʥʪʦʚ, ʩʧʦʩʦʙʥʳʭ ʦʢʠʩʣʷʪʴ ʰʠʨʦʢʠʡ 

ʩʧʝʢʪʨ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ. ʂʘʢ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʨʘʥʝʝ, ʚ ʰʪʘʤʤʝ 

R. ruber P25 ʚʳʷʚʣʝʥʳ fcb-ʛʝʥʳ, ʦʙʫʩʣʦʚʣʠʚʘʶʱʠʝ ʥʘʯʘʣʴʥʦʝ 

ʜʝʛʘʣʦʛʝʥʠʨʦʚʘʥʠʝ 4-ʭʣʦʨʙʝʥʟʦʡʥʦʡ ʢʠʩʣʦʪʳ (ʇʣʦʪʥʠʢʦʚʘ ʠ ʜʨ., 2012). 

ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʝ ʚʳʷʚʠʣʠ ʜʘʥʥʳʭ ʛʝʥʦʚ ʫ ʰʪʘʤʤʦʚ 

R. wratislaviensis G10, R. wratislaviensis ʈ1 ʠ M. oxydans B51. 

ʊʘʢʞʝ ʥʝ ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʩʧʝʮʠʬʠʯʝʩʢʘʷ ʘʤʧʣʠʬʠʢʘʮʠʷ ʥʘ ʪʦʪʘʣʴʥʦʡ 

ɼʅʂ ʠʩʩʣʝʜʫʝʤʳʭ ʰʪʘʤʤʦʚ ʩ ohb-ʛʝʥʘʤʠ, ʢʦʜʠʨʫʶʱʠʤʠ ʬʝʨʤʝʥʪʳ 

ʧʝʨʚʠʯʥʦʡ ʘʪʘʢʠ 2-ʭʣʦʨʙʝʥʟʦʡʥʦʡ ʢʠʩʣʦʪʳ. ʅʘʧʨʦʪʠʚ, ʫ ʚʩʝʭ ʰʪʘʤʤʦʚ ʙʳʣ 

ʘʤʧʣʠʬʠʮʠʨʦʚʘʥ ʛʝʥ benA, ʢʦʜʠʨʫʶʱʠʡ Ŭ-ʩʫʙʲʝʜʠʥʠʮʫ ʙʝʥʟʦʘʪ 

1,2-ʜʠʦʢʩʠʛʝʥʘʟʳ (ʪʘʙʣʠʮʘ 14, ʨʠʩʫʥʦʢ 39). ʀʟʚʝʩʪʥʦ, ʯʪʦ ʙʝʥʟʦʘʪ 

1,2-ʜʠʦʢʩʠʛʝʥʘʟʘ ʦʙʫʩʣʦʚʣʠʚʘʝʪ ʜʝʛʨʘʜʘʪʠʚʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʰʪʘʤʤʦʚ ʥʝ 

ʪʦʣʴʢʦ ʢ ʙʝʥʟʦʡʥʦʡ ʢʠʩʣʦʪʝ, ʥʦ ʠ ʢ ʝʝ ʭʣʦʨʧʨʦʠʟʚʦʜʥʳʤ, ʧʨʠ ʵʪʦʤ 

ʦʙʨʘʟʫʶʪʩʷ ʭʣʦʨʢʘʪʝʭʦʣʳ (ʨʠʩʫʥʦʢ 9, 12, ʛʣʘʚʘ 1.3) (Kitagawa et al., 2001; 

Baggi et al., 2008; Xu et al., 2017). ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʫ 

ʰʪʘʤʤʦʚ R. ruber P25, R. wratislaviensis G10, R. wratislaviensis ʈ1 ʠ M. 

oxydans B51 ʧʝʨʚʠʯʥʫʶ ʘʪʘʢʫ ʥʘ ʭʣʦʨʙʝʥʟʦʡʥʳʝ ʢʠʩʣʦʪʳ ʦʩʫʱʝʩʪʚʣʷʝʪ 

ʙʝʥʟʦʘʪ 1,2-ʜʠʦʢʩʠʛʝʥʘʟʘ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʚʘʥʠʝʤ ʭʣʦʨʢʘʪʝʭʦʣʦʚ. 

ʀʥʪʝʨʝʩʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʨʦʩʪʘ ʰʪʘʤʤʦʚ R. wratislaviensis 

G10, R. wratislaviensis ʈ1 ʥʘ 3ʍɹʂ ʚʳʰʝ, ʯʝʤ ʥʘ 2-ʍɹʂ ʠ 4-ʍɹʂ, ʧʨʠ ʵʪʦʤ 

benAʈ1 ʠ benAG10 ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʚʳʩʦʢʠʤ ʫʨʦʚʥʝʤ ʩʭʦʜʩʪʚʘ ʩ benARHA1 

(ʨʠʩʫʥʦʢ 39, ʪʘʙʣʠʮʘ 13). ʀʟʚʝʩʪʥʦ, ʯʪʦ BenARHA1 ʦʩʫʱʝʩʪʚʣʷʝʪ ʦʢʠʩʣʝʥʠʝ 3-

ʍɹʂ ʜʦ ʭʣʦʨʢʘʪʝʭʦʣʘ (Kitagava et al., 2001). ʅʘʧʨʦʪʠʚ, ʰʪʘʤʤʳ R. ruber P25 ʠ 

M. oxydans B51, ʙʝʥʟʦʘʪ 1,2-ɼʆ ʢʦʪʦʨʳʭ ʦʪʣʠʯʘʝʪʩʷ ʦʪ BenARHA1 (ʪʘʙʣʠʮʘ 14, 

ʨʠʩʫʥʦʢ 38), ʘʢʪʠʚʥʝʝ ʨʘʩʪʫʪ ʥʘ 2-ʍɹʂ ʠ 4-ʍɹʂ (ʪʘʙʣʠʮʘ 13). 

ʋ ʰʪʘʤʤʦʚ R. ruber P25, R. wratislaviensis G10, R. wratislaviensis ʈ1 

ʠ M. oxydans B51 ʚʳʷʚʣʝʥʘ ʢʘʪʝʭʦʣ 1,2-ɼʆ, ʧʨʦʷʚʣʷʶʱʘʷ ʘʢʪʠʚʥʦʩʪʴ 

ʢ ʭʣʦʨʢʘʪʝʭʦʣʘʤ (ʪʘʙʣʠʮʳ 15, 16).  
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ʊʘʙʣʠʮʘ 16 ï ʆʪʥʦʩʠʪʝʣʴʥʘʷ ʘʢʪʠʚʥʦʩʪʴ (%*) ʢʘʪʝʭʦʣ 

1,2-ʜʠʦʢʩʠʛʝʥʘʟʳ ʠʩʩʣʝʜʫʝʤʳʭ ʰʪʘʤʤʦʚ ʢ ʭʣʦʨʠʨʦʚʘʥʥʳʤ ʢʘʪʝʭʦʣʘʤ 

ʍʣʦʨʢʘʪʝʭʦʣ R. wratislaviensis ʈ1 R. wratislaviensis G10 R. ruber P25 M. oxydans B51 

4-ʭʣʦʨʢʘʪʝʭʦʣ 7 11 1 5 

3,5-ʜʠʭʣʦʨʢʘʪʝʭʦʣ 9 0 0 22 

3,6-ʜʠʭʣʦʨʢʘʪʝʭʦʣ 71 0 0 119 

4,5-ʜʠʭʣʦʨʢʘʪʝʭʦʣ 0 0 0 4 

*  ʟʘ 100% ʧʨʠʥʠʤʘʣʠ ʘʢʪʠʚʥʦʩʪʴ ʢʘʪʝʭʦʣ 1,2-ɼʆ ʢ ʥʝʟʘʤʝʱʝʥʥʦʤʫ 

ʢʘʪʝʭʦʣʫ 

ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʢʘʪʝʭʦʣ 1,2-ɼʆ ʰʪʘʤʤʦʚ ʈ25 

ʠ G10 ʦʢʠʩʣʷʶʪ ʪʦʣʴʢʦ ʤʦʥʦ-ʟʘʤʝʱʝʥʥʳʡ ʢʘʪʝʭʦʣ, ʪʦʛʜʘ ʢʘʢ ʢʘʪʝʭʦʣ 1,2-ɼʆ 

ʰʪʘʤʤʦʚ ʈ1 ʠ ɺ51 ʩʧʦʩʦʙʥʳ ʦʢʠʩʣʷʪʴ ʠ ʜʠʭʣʦʨʠʨʦʚʘʥʥʳʝ ʢʘʪʝʭʦʣʳ (ʪʘʙʣʠʮʘ 

16, ʨʠʩʫʥʦʢ 41). ɺʝʨʦʷʪʥʦ, ʠʩʩʣʝʜʫʝʤʳʝ ʰʪʘʤʤʳ ʥʝʩʫʪ ʢʘʪʝʭʦʣ 

1,2-ʜʠʦʢʩʠʛʝʥʘʟʳ, ʦʪʣʠʯʥʳʝ ʧʦ ʩʪʨʫʢʪʫʨʝ. 

 

ʈʠʩʫʥʦʢ 41 ï ʉʭʝʤʘ ʙʘʢʪʝʨʠʘʣʴʥʦʛʦ ʨʘʟʣʦʞʝʥʠʷ ʭʣʦʨʢʘʪʝʭʦʣʦʚ ʧʦʜ 

ʜʝʡʩʪʚʠʝʤ ʢʘʪʝʭʦʣ 1,2-ʜʠʦʢʩʠʛʝʥʘʟʳ ʚ ʰʪʘʤʤʘʭ M. oxydans B51, 

R. ruber P25, R. wratislaviensis G10 ʠ P1 
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ʂʫʣʴʪʠʚʠʨʦʚʘʥʠʝ ʰʪʘʤʤʘ M. oxydans B51 ʥʘ 2-ʍɹʂ ʧʨʠʚʦʜʠʪ 

ʢ ʵʢʩʧʨʝʩʩʠʠ ʅɸɼʌH-ʟʘʚʠʩʠʤʦʡ ʩʘʣʠʮʠʣʘʪ ʛʠʜʨʦʢʩʠʣʘʟʳ (ʪʘʙʣʠʮʘ 15, 

ʨʠʩʫʥʦʢ 42). ʇʨʠ ʵʪʦʤ ʘʢʪʠʚʥʦʩʪʴ ʜʘʥʥʦʛʦ ʬʝʨʤʝʥʪʘ ʩʦʧʦʩʪʘʚʠʤʘ 

ʩ ʘʢʪʠʚʥʦʩʪʴʶ ʢʘʪʝʭʦʣ 2,3-ɼʆ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʟʚʦʣʷʶʪ 

ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʩʘʣʠʮʠʣʘʪ ʛʠʜʨʦʢʩʠʣʘʟʘ ʰʪʘʤʤʘ ɺ51 ʦʩʫʱʝʩʪʚʣʷʝʪ 

ʥʝʪʠʧʠʯʥʫʶ ʨʝʘʢʮʠʶ ʛʠʜʨʦʣʠʟʘ 2-ʍɹʂ ʜʦ ʢʘʪʝʭʦʣʘ, ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʝʛʦ 

ʤʝʪʘ-ʨʘʩʱʝʧʣʝʥʠʝʤ ʜʦ 2-ʛʠʜʨʦʢʩʠʤʫʢʦʥʘʪ ʧʦʣʫʘʣʴʜʝʛʠʜʘ. 

 

ʈʠʩʫʥʦʢ 42 ï ʉʭʝʤʘ ʙʘʢʪʝʨʠʘʣʴʥʦʡ ʜʝʩʪʨʫʢʮʠʠ ʭʣʦʨʙʝʥʟʦʡʥʳʭ 

ʢʠʩʣʦʪ, ʧʦʩʪʨʦʝʥʥʘʷ ʥʘ ʦʩʥʦʚʘʥʠʠ ʩʫʙʩʪʨʘʪʥʦʡ ʩʧʝʮʠʬʠʯʥʦʩʪʠ, 

ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʠ ʬʝʨʤʝʥʪʥʦʛʦ ʧʨʦʬʠʣʷ ʰʪʘʤʤʦʚ R. ruber P25 ʠ 

M. oxydans B51 
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ʇʨʠ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʰʪʘʤʤʘ R. ruber ʈ25 ʥʘ 4-ʍɹʂ, ʥʘʨʷʜʫ ʩ ʢʘʪʝʭʦʣ 

2,3-ɼʆ ʵʢʩʧʨʝʩʩʠʨʫʶʪʩʷ ʧʘʨʘ-ʛʠʜʨʦʢʩʠʙʝʥʟʦʘʪ ʛʠʜʨʦʢʩʠʣʘʟʘ ʠ 

ʧʨʦʪʦʢʘʪʝʭʦʘʪ 4,5-ʜʠʦʢʩʠʛʝʥʘʟʘ (ʪʘʙʣʠʮʘ 15, ʨʠʩʫʥʦʢ 42). ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʇɻɹɻʈ25 ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʩʫʙʲʝʜʠʥʠʮ ʩ ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʦʡ 43 ʢɼʘ ʠ 45 ʢɼʘ, 

ʪʝʨʷʝʪ ʘʢʪʠʚʥʦʩʪʴ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʚ ʩʨʝʜʝ ʌɸɼ, ʘ ʜʣʷ ʩʦʭʨʘʥʝʥʠʷ 

ʩʪʘʙʠʣʴʥʦʩʪʠ ʬʝʨʤʝʥʪʘ ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʩʫʪʩʪʚʠʝ ʕɼʊɸ ʠ ɼʊʊ. 

ʇʨʦʪʦʢʘʪʝʭʦʘʪ 4,5-ɼʆʈ25 ʙʳʣʘ ʩʪʘʙʠʣʴʥʘ ʚ ʪʝʯʝʥʠʝ 7 ʩʫʪ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 

4Üʉ, ʘ ʧʨʦʛʨʝʚʘʥʠʝ ʧʨʠ 60Üʉ ʧʨʠʚʦʜʠʣʦ ʢ ʧʦʪʝʨʝ ʘʢʪʠʚʥʦʩʪʠ ʟʘ 5 ʤʠʥ. 

ʂʘʪʘʣʠʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʘʥʥʳʭ ʬʝʨʤʝʥʪʦʚ ʩʦʩʪʘʚʠʣʠ: Km ʜʣʷ ʇɻɹʂ 

9.85ʤʢʄ, Km ʇɻɹɻ ʜʣʷ NADH ï 14.2 ʤʢʄ, Km ʜʣʷ ʇʂʂ ï 5.26 ʤʢʄ. ɺ ʩʣʫʯʘʝ 

ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ʰʪʘʤʤʘ R. ruber ʈ25 ʥʘ 4-ʛʠʜʨʦʢʩʠʙʝʥʟʦʡʥʦʡ ʢʠʩʣʦʪʝ ʚ 

ʢʘʯʝʩʪʚʝ ʨʦʩʪʦʚʦʛʦ ʩʫʙʩʪʨʘʪʘ ʚʳʷʚʣʝʥʘ ʵʢʩʧʨʝʩʩʠʷ ʇʂʂ 3,4-ɼʆ, ʥʦ ʥʝ ʇʂʂ 

4,5-ɼʆ (ʢʘʢ ʠ ʚ ʩʣʫʯʘʝ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ʥʘ ʥʝʟʘʤʝʱʝʥʥʦʡ ʙʝʥʟʦʡʥʦʡ 

ʢʠʩʣʦʪʝ). ʆʜʥʘʢʦ, ʇʂʂ 3,4-ɼʆ ʙʳʣʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʜʚʫʤʷ ʠʟʦʬʦʨʤʘʤʠ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʤʠʩʷ ʨʘʟʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ: 

ʘ) Km ʜʣʷ ʇʂʂ ï 7.7 ʤʢʄ, Vmax ï 143 ʤʢʄ/ ʤʠʥ Ŀ ʤʛ ʙʝʣʢʘ; ʙ) Km ʜʣʷ ʇʂʂ ï 

83 ʤʢʄ, Vmax ï 85 ʤʢʄ/ ʤʠʥ Ŀ ʤʛ ʙʝʣʢʘ. ʇʨʠʩʫʪʩʪʚʠʝ ʥʝʩʢʦʣʴʢʠʭ ʠʟʦʬʦʨʤ 

ʦʜʥʦʛʦ ʬʝʨʤʝʥʪʘ ʤʦʞʝʪ ʷʚʣʷʪʴʩʷ ʘʜʘʧʪʠʚʥʳʤ ʤʝʭʘʥʠʟʤʦʤ, ʧʦʟʚʦʣʷʶʱʠʤ 

ʧʨʠʩʧʦʩʦʙʠʪʴʩʷ ʰʪʘʤʤʫ ʢ ʭʠʤʠʯʝʩʢʦʤʫ ʟʘʛʨʷʟʥʝʥʠʶ (Ornston, Parke, 1976). 

ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʰʪʘʤʤ 

R. ruber ʈ25 ʦʙʣʘʜʘʝʪ ʫʥʠʢʘʣʴʥʳʤ ʥʘʙʦʨʦʤ ʬʝʨʤʝʥʪʦʚ, ʧʦʟʚʦʣʷʶʱʠʭ 

ʦʩʫʱʝʩʪʚʣʷʪʴ ʪʨʘʥʩʬʦʨʤʘʮʠʶ ʭʣʦʨ- ʠ ʛʠʜʨʦʢʩʠ-ʙʝʥʟʦʡʥʳʭ ʢʠʩʣʦʪ ʢʘʢ ʯʝʨʝʟ 

ʩʪʘʜʠʶ ʦʙʨʘʟʦʚʘʥʠʷ (ʭʣʦʨ)ʢʘʪʝʭʦʣʘ ʩ ʝʛʦ ʧʦʩʣʝʜʫʶʱʠʤ ʦʨʪʦ- ʠʣʠ ʤʝʪʘ-

ʨʘʩʱʝʧʣʝʥʠʝʤ, ʪʘʢ ʠ ʯʝʨʝʟ ʩʪʘʜʠʶ ʦʙʨʘʟʦʚʘʥʠʷ ʧʘʨʘ-ʛʠʜʨʦʢʩʠʙʝʥʟʦʡʥʦʡ 

ʢʠʩʣʦʪʳ, ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʝʝ ʦʢʠʩʣʝʥʠʝʤ ʜʦ ʧʨʦʪʦʢʘʪʝʭʦʚʦʡ ʢʠʩʣʦʪʳ. ɺ ʩʚʦʶ 

ʦʯʝʨʝʜʴ, ʦʙʨʘʟʫʶʱʘʷʩʷ ʇʂʂ ʷʚʣʷʝʪʩʷ ʩʫʙʩʪʨʘʪʦʤ ʢʘʢ ʜʣʷ ʠʥʪʨʘʜʠʦʣʴʥʳʭ, 

ʪʘʢ ʠ ʜʣʷ ʵʢʩʪʨʘʜʠʦʣʴʥʳʭ ʜʠʦʢʩʠʛʝʥʘʟ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʜʘʥʥʦʤ ʰʪʘʤʤʝ. 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʧʘʨʘ-ʛʠʜʨʦʢʩʠʙʝʥʟʦʘʪ ʛʠʜʨʦʢʩʠʣʘʟʳ ʰʪʘʤʤʦʚ-ʜʝʩʪʨʫʢʪʦʨʦʚ 

ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʨʦʜʦʚ Acinetobacter, Corynebacterium, Klebsiella 

Pseudomonas ʠ Rhodococcus ʦʩʫʱʝʩʪʚʣʷʶʪ ʚʥʝʜʨʝʥʠʝ ʛʠʜʨʦʢʩʠʣʴʥʦʡ ʛʨʫʧʧʳ 
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ʚ ʤʦʣʝʢʫʣʫ ʇɻɹʂ ʧʦ 3-ʤʫ ʫʛʣʝʨʦʜʥʦʤʫ ʘʪʦʤʫ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 

ʧʨʦʪʦʢʘʪʝʭʦʚʦʡ ʢʠʩʣʦʪʳ (DôArgenio et al., 1999; Jadan et al., 2004; Huang et 

al., 2008). ɼʘʣʴʥʝʡʰʝʝ ʨʘʟʣʦʞʝʥʠʝ ʇʂʂ ʤʦʞʝʪ ʠʜʪʠ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʪʨʝʭ 

ʬʝʨʤʝʥʪʦʚ, ʦʩʫʱʝʩʪʚʣʷʶʱʠʭ ʠʥʪʨʘʜʠʦʣʴʥʳʡ ʠʣʠ ʵʢʩʪʨʘʜʠʦʣʴʥʳʡ ʨʘʟʨʳʚ 

ʘʨʦʤʘʪʠʯʝʩʢʦʛʦ ʢʦʣʴʮʘ ʤʦʣʝʢʫʣʳ (Hartnet et al., 1990; Noda et al., 1990; 

Overhage et al., 1999; Vetting et al., 2000). ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʡ 

ʷʚʣʷʝʪʩʷ ʇʂʂ 3,4-ɼʆ, ʦʩʫʱʝʩʪʚʣʷʶʱʘʷ ʠʥʪʨʘʜʠʦʣʴʥʦʝ ʦʢʠʩʣʝʥʠʝ 

ʧʨʦʪʦʢʘʪʝʭʦʚʦʡ ʢʠʩʣʦʪʳ. ʇʂʂ 3,4-ɼʆ ʦʧʠʩʘʥʘ ʜʣʷ ʙʘʢʪʝʨʠʡ ʨʦʜʘ Bacillus, ʘ 

ʇʂʂ 4,5-ɼʆ ï ʜʣʷ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʨʦʜʦʚ Comamonas ʠ Pseudomonas.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʰʪʘʤʤʳ R. wratislaviensis ʈ1, 

R. wratislaviensis G10, R. ruber ʈ25 ʠ Microbacterium sp. ɺ51, ʚʳʜʝʣʝʥʥʳʝ ʠʟ 

ʭʠʤʠʯʝʩʢʠ-ʟʘʛʨʷʟʥʝʥʥʳʭ ʧʦʯʚ ʧʨʝʜʧʨʠʷʪʠʡ ʇʝʨʤʠ ʠ ʇʝʨʤʩʢʦʛʦ ʢʨʘʷ, 

ʦʙʣʘʜʘʶʪ ʫʥʠʢʘʣʴʥʳʤ ʩʦʯʝʪʘʥʠʝʤ ʛʝʥʦʚ/ʬʝʨʤʝʥʪʦʚ ʜʝʩʪʨʫʢʮʠʠ ʦʩʥʦʚʥʳʭ 

ʤʝʪʘʙʦʣʠʪʦʚ ʙʠʬʝʥʠʣʘ/ʇʍɹ.  

 

4.4.2. ʈʘʟʥʦʦʙʨʘʟʠʝ Ŭ-ʩʫʙʲʝʜʠʥʠʮʳ ʙʝʥʟʦʘʪ 1,2-ʜʠʦʢʩʠʛʝʥʘʟʳ ʚ 

ʤʠʢʨʦʙʥʳʭ ʩʦʦʙʱʝʩʪʚʘʭ ʧʦʯʚ ʆɸʆ çʉɺɿʍè (ʏʘʧʘʝʚʩʢ, ʈʦʩʩʠʷ) 

ɼʣʷ ʠʟʫʯʝʥʠʷ ʨʘʟʥʦʦʙʨʘʟʠʷ Ŭ-ʩʫʙʲʝʜʠʥʠʮʳ ʙʝʥʟʦʘʪ ʜʠʦʢʩʠʛʝʥʘʟʳ ʠʟ 

ʦʙʨʘʟʮʦʚ ʧʦʯʚ, ʦʪʦʙʨʘʥʥʳʭ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʆɸʆ çʉɺɿʍè (ʏʘʧʘʝʚʩʢ, ʈʦʩʩʠʷ), 

ʤʝʪʦʜʦʤ ʥʘʢʦʧʠʪʝʣʴʥʦʛʦ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ʩ ʨʘʟʣʠʯʥʳʤʠ ʩʝʣʝʢʪʠʚʥʳʤʠ 

ʩʫʙʩʪʨʘʪʘʤʠ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʙʘʢʪʝʨʠʘʣʴʥʳʝ ʘʩʩʦʮʠʘʮʠʠ, ʧʨʦʷʚʣʷʶʱʠʝ 

ʜʝʛʨʘʜʘʪʠʚʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʢ ʩʫʙʩʪʨʘʪʫ ʩʝʣʝʢʮʠʠ (ʪʘʙʣʠʮʘ 17). 

ʅʘ ɼʅʂ-ʤʘʪʨʠʮʝ 15 ʙʘʢʪʝʨʠʘʣʴʥʳʭ ʘʩʩʦʮʠʘʮʠʡ ʩ ʧʦʤʦʱʴʶ ʧʨʘʡʤʝʨʦʚ 

benA-F ʠ benA-R (ʪʘʙʣʠʮʘ 2) ʙʳʣʠ ʘʤʧʣʠʬʠʮʠʨʦʚʘʥʳ ʬʨʘʛʤʝʥʪʳ ʛʝʥʘ benA 

(Baggi et al., 2008). ʅʫʢʣʝʦʪʠʜʥʳʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʜʘʥʥʳʭ ʬʨʘʛʤʝʥʪʦʚ 

ʨʘʟʤʝʱʝʥʳ ʚ ʙʘʟʝ ʜʘʥʥʳʭ GenBank (ʪʘʙʣʠʮʘ 17). 

ʇʨʦʚʝʜʝʥ ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʠʡ ʠ ʢʣʘʩʪʝʨʥʳʡ ʘʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ 

ʬʨʘʛʤʝʥʪʦʚ ʛʝʥʘ benA ʩ ʛʦʤʦʣʦʛʠʯʥʳʤʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʤʠ ʠʟ ʙʘʟʳ 

ʜʘʥʥʳʭ GenBank (ʨʠʩʫʥʦʢ 43). 
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ʊʘʙʣʠʮʘ 17 ï ɹʘʢʪʝʨʠʘʣʴʥʳʝ ʘʩʩʦʮʠʘʮʠʠ, ʥʦʤʝʨʘ ʚ GenBank 

ʘʤʧʣʠʬʠʮʠʨʦʚʘʥʥʳʭ ʫʯʘʩʪʢʦʚ ʛʝʥʘ benA 

ʉʝʣʝʢʪʠʚʥʳʡ 

ʩʫʙʩʪʨʘʪ  
ɸʩʩʦʮʠʘʮʠʷ / ʥʦʤʝʨ ʬʨʘʛʤʝʥʪʘ ʛʝʥʘ benA ʚ GenBank 

ʙʠʬʝʥʠʣ 
CHN1/ 

MN396893 

CHN2/ 

MN396894 

CHN3/ 

MN396895 

CHN4/ 

MN396896 

CHN5/ 

MN396897 

CHN6/ 

MN396898 

4-ʍɹʂ 
ɸ1/ 

ʄʂ403888 
ɸ2 ɸ3 

ɸ4/ 

ʄʂ403889 

ɸ5/ 

ʄʂ403890 
ɸ6 

ʭʣʦʨʙʝʥʟʦʣ 
ɺ1/ 

ʄʂ403891 

ɺ2/ 

ʄʂ403892 

ɺ3/ 

ʄʂ403893 

ɺ4/ 

ʄʂ403894 

ɺ5/ 

ʄʂ403895 

ɺ6/ 

ʄʂ403896 

 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ɼʅʂ ʠʩʩʣʝʜʫʝʤʳʭ ʘʩʩʦʮʠʘʮʠʡ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 

ʘʤʧʣʠʬʠʮʠʨʦʚʘʣʠʩʴ ʛʝʥʳ ʙʝʥʟʦʘʪ ʜʠʦʢʩʠʛʝʥʘʟ, ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ ʙʘʢʪʝʨʠʡ 

ʬʠʣʫʤʘ Proteobacteria. ʅʘʠʙʦʣʝʝ ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʠ ʙʣʠʟʢʠʤ ʩʨʝʜʠ ʛʝʥʦʚ 

ʙʝʥʟʦʘʪ 1,2-ɼʆ ʘʢʪʠʚʥʳʭ ʰʪʘʤʤʦʚ-ʜʝʩʪʨʫʢʪʦʨʦʚ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ 

ʜʣʷ ʬʨʘʛʤʝʥʪʦʚ ʛʝʥʘ benA ʠʟ ʘʩʩʦʮʠʘʮʠʡ CHN2, CHN3, CHN5 ʠ CHN6 

ʷʚʣʷʝʪʩʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʛʝʥ ʰʪʘʤʤʘ Ralstonia eutropha JMP134 (ʫʨʦʚʝʥʴ 

ʩʭʦʜʩʪʚʘ 79.5ï88.8%). ʀʟʚʝʩʪʥʦ, ʯʪʦ ʰʪʘʤʤ R. eutropha JMP134 ʦʩʫʱʝʩʪʚʣʷʝʪ 

ʨʘʟʣʦʞʝʥʠʝ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ, ʚ ʪʦʤ ʯʠʩʣʝ 

ʙʝʥʟʦʡʥʦʡ ʠ ʭʣʦʨʙʝʥʟʦʡʥʳʭ ʢʠʩʣʦʪ (Field, Sierra-Alvarez, 2008).  

ɸʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʙʣʠʟʢʠʤʠ ʧʦ ʥʫʢʣʝʦʪʠʜʥʦʡ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʜʣʷ ʛʝʥʘ benA, ʘʤʧʣʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʩ ɼʅʂ ʘʩʩʦʮʠʘʮʠʡ 

CHN1, ɸ1, ɸ4, ɸ5, ɺ1, ɺ2, ɺ3, ɺ4 ʠ ɺ6 ʷʚʣʷʶʪʩʷ ʛʝʥʳ, ʢʦʜʠʨʫʶʱʠʝ Ŭ-

ʩʫʙʲʝʜʠʥʠʮʫ ʙʝʥʟʦʘʪ 1,2-ɼʆ ʰʪʘʤʤʦʚ Pseudomonas putida KT2440 (GenBank 

LT799039.1) ʠ Pseudomonas putida B6-2 (CP015202.1) ï 96ï99% ʩʭʦʜʩʪʚʘ ʧʨʠ 

100%-ʥʦʤ ʧʝʨʝʢʨʳʚʘʥʠʠ (Kahlon, 2016). ʇʨʠ ʵʪʦʤ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʥʳʝ ʛʝʥʳ 

ʬʦʨʤʠʨʫʶʪ ʦʪʜʝʣʴʥʳʡ ʢʣʘʩʪʝʨ ʥʘ ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʦʤ ʜʝʨʝʚʝ (ʨʠʩʫʥʦʢ 42).  



184 
 

 

ʈʠʩʫʥʦʢ 43 ï ɼʝʨʝʚʦ ʩʭʦʜʩʪʚʘ ʚʳʷʚʣʝʥʥʳʭ ʛʝʥʦʚ ʩ ʠʟʚʝʩʪʥʳʤʠ 

ʛʝʥʘʤʠ Ŭ-ʩʫʙʲʝʜʠʥʠʮʳ ʙʝʥʟʦʘʪ 1,2-ʜʠʦʢʩʠʛʝʥʘʟʳ, ʧʦʩʪʨʦʝʥʥʦʝ ʤʝʪʦʜʦʤ 

UPGMA. ʄʘʩʰʪʘʙ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 10 ʥʫʢʣʝʦʪʠʜʥʳʤ ʟʘʤʝʥʘʤ ʥʘ ʢʘʞʜʳʝ 100 

ʥʫʢʣʝʦʪʠʜʦʚ. çBootstrapè-ʘʥʘʣʠʟ ʧʨʦʚʝʜʝʥ ʥʘ 1000 ʧʦʚʪʦʨʥʦʩʪʷʭ. ɿʥʘʯʝʥʠʷ 

ʨʷʜʦʤ ʩ çʚʝʪʚʷʤʠè ʧʦʢʘʟʳʚʘʶʪ ʚʝʨʦʷʪʥʦʩʪʴ ʨʘʩʧʦʣʦʞʝʥʠʷ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʚ ʜʘʥʥʳʭ ʛʨʫʧʧʘʭ. 
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ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ benAɺ5 ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʚ ʦʜʥʦʤ ʢʣʘʩʪʝʨʝ ʩ ʛʝʥʘʤʠ 

ʙʝʥʟʦʘʪ 1,2-ɼʆ ʰʪʘʤʤʦʚ Pseudomonas sp. VLB120 ʠ P. entomophila L48 

(ʨʠʩʫʥʦʢ 43), ʫʨʦʚʝʥʴ ʩʭʦʜʩʪʚʘ ʩʦʩʪʘʚʠʣ 93% ʧʨʠ 100%-ʥʦʤ ʧʝʨʝʢʨʳʚʘʥʠʠ, 

ʥʦ ʚ ʨʘʟʥʳʭ ʢʣʘʩʪʝʨʘʭ ʩ benA-ʛʝʥʦʤ ʰʪʘʤʤʘ P. putida S16 ʥʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ 

ʫʨʦʚʝʥʴ ʩʭʦʜʩʪʚʘ ʩ ʜʘʥʥʳʤ ʛʝʥʦʤ ʧʨʠ ʛʦʤʦʣʦʛʠʯʥʦʤ ʧʦʠʩʢʝ ʩʦʩʪʘʚʠʣ 95%. 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʚ ʰʪʘʤʤʝ P. entomophila L48 (GenBank CT573326) 

ʧʨʠʩʫʪʩʪʚʫʶʪ ʬʝʨʤʝʥʪʥʳʝ ʩʠʩʪʝʤʳ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʤʝʪʘʙʦʣʠʟʤ 

ʙʝʥʟʦʡʥʦʡ, 4-ʛʠʜʨʦʢʩʠ-, 3-ʛʠʜʨʦʢʩʠ- ʠ 3,4-ʜʠʛʠʜʨʦʢʩʠ-ɹʂ. ʇʨʠ ʵʪʦʤ ʙʝʥʟʦʘʪ 

1,2-ɼʆ ʫʯʘʩʪʚʫʝʪ ʪʦʣʴʢʦ ʚ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʥʝʟʘʤʝʱʝʥʥʦʡ ʙʝʥʟʦʡʥʦʡ ʢʠʩʣʦʪʳ 

(Vodovar et al., 2006). ʐʪʘʤʤ Pseudomonas sp. VLB120 (GenBank CP003961), 

ʦʩʫʱʝʩʪʚʣʷʶʱʠʡ ʨʘʟʣʦʞʝʥʠʝ ʦʢʪʘʥʦʣʘ, ʪʦʣʫʦʣʘ ʠ ʩʪʠʨʦʣʘ, ʙʳʣ ʚʳʜʝʣʝʥ ʠʟ 

ʧʦʯʚ ʐʪʫʪʛʘʨʪʘ ʚ ɻʝʨʤʘʥʠʠ. ɻʝʥʳ ʙʝʥʟʦʘʪ 1,2-ɼʆ ʫ ʦʙʦʠʭ ʰʪʘʤʤʦʚ 

ʨʘʩʧʦʣʦʞʝʥʳ ʥʘ ʭʨʦʤʦʩʦʤʝ (Kºhler et al., 2013). ʆʙʥʘʨʫʞʝʥʠʝ ʫ 

ʪʝʨʨʠʪʦʨʠʘʣʴʥʦ ʫʜʘʣʝʥʥʳʭ ʙʘʢʪʝʨʠʘʣʴʥʳʭ ʰʪʘʤʤʦʚ ʚʳʩʦʢʦʠʜʝʥʪʠʯʥʳʭ 

benA-ʛʝʥʦʚ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʚ ʧʦʣʴʟʫ ʪʝʦʨʠʠ ʦ ʧʝʨʝʜʘʯʝ ʛʝʥʝʪʠʯʝʩʢʦʛʦ 

ʤʘʪʝʨʠʘʣʘ ʤʝʞʜʫ ʙʘʢʪʝʨʠʷʤʠ ʚ ʧʨʦʮʝʩʩʝ ʘʜʘʧʪʘʮʠʠ ʢ ʚʳʩʦʢʦʤʫ ʫʨʦʚʥʶ 

ʟʘʛʨʷʟʥʝʥʠʷ ʭʠʤʠʯʝʩʢʠʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ (Coleman, Chisholm, 2010; Li  et al., 

2010; Dunning Hotopp, 2011; Syvanen, 2012; Polz et al., 2013).  

ʌʨʘʛʤʝʥʪ ʛʝʥʘ benA ʘʩʩʦʮʠʘʮʠʠ CHN4 ʬʦʨʤʠʨʫʝʪ ʝʜʠʥʳʡ ʢʣʘʩʪʝʨ ʩ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʛʝʥʦʤ ʰʪʘʤʤʦʚ ʨʦʜʘ Rhodococcus ʢʣʘʩʩʘ Actinobacteria 

(ʨʠʩʫʥʦʢ 42). ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ benACHN4 ʠʤʝʝʪ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʩʭʦʜʩʪʚʘ 

(96%) ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʛʝʥʦʤ ʠʟʚʝʩʪʥʦʛʦ ʰʪʘʤʤʘ-ʜʝʩʪʨʫʢʪʦʨʘ 

ʙʠʬʝʥʠʣʘ/ʇʍɹ Rhodococcus jostii RHA1 (Kitagawa et al., 2001). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʛʝʥʳ Ŭ-ʩʫʙʲʝʜʠʥʠʮʳ ʙʝʥʟʦʘʪ 1,2-ɼʆ, ʚʳʷʚʣʝʥʥʳʝ ʚ 

ɼʅʂ ʙʘʢʪʝʨʠʘʣʴʥʳʭ ʘʩʩʦʮʠʘʮʠʡ, ʚʳʜʝʣʝʥʥʳʭ ʠʟ ʧʦʯʚ, ʟʘʛʨʷʟʥʝʥʥʳʭ 

ʭʣʦʨʘʨʦʤʘʪʠʯʝʩʢʠʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ, ʦʙʣʘʜʘʶʪ ʫʥʠʢʘʣʴʥʳʤʠ ʥʫʢʣʝʦʪʠʜʥʳʤʠ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʤʠ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝʤ 100 %-ʛʦ ʩʭʦʜʩʪʚʘ ʩ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʤʠ ʠʟʚʝʩʪʥʳʭ ʛʝʥʦʚ benA, ʨʘʟʤʝʱʝʥʥʳʤʠ ʚ 

ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʙʘʟʘʭ ʜʘʥʥʳʭ. ʅʘʠʙʦʣʝʝ ʛʦʤʦʣʦʛʠʯʝʩʢʠ ʙʣʠʟʢʠʤʠ ʷʚʣʷʶʪʩʷ 

benA-ʛʝʥʳ ʰʪʘʤʤʦʚ ʨʦʜʦʚ Pseudomonas, Ralstonia ʠ Rhodococcus.  
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ɻʃɸɺɸ 5. ɹɸʂʊɽʈʀɸʃʔʅɸʗ ɼɽʉʊʈʋʂʎʀʗ ʂʆʄʄɽʈʏɽʉʂʀʍ, 

ʕʂʉʇɽʈʀʄɽʅʊɸʃʔʅʓʍ ʀ ʍʀʄʀʏɽʉʂʀ 

ʄʆɼʀʌʀʎʀʈɺʆɸʅʅʓʍ ʉʄɽʉɽʁ ʇʆʃʀʍʃʆʈɹʀʌɽʅʀʃʆɺ 

 

5.1. ʆʩʦʙʝʥʥʦʩʪʠ ʜʝʩʪʨʫʢʮʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʠ ʢʦʤʤʝʨʯʝʩʢʠʭ 

ʩʤʝʩʝʡ ʇʍɹ ʠʥʜʠʚʠʜʫʘʣʴʥʳʤʠ ʰʪʘʤʤʘʤʠ 

ʊʘʢ ʢʘʢ ʚ ʦʙʲʝʢʪʘʭ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʇʍɹ ʥʘʭʦʜʷʪʩʷ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ ʚʠʜʝ ʩʤʝʩʝʡ, ʪʦ ʥʝʦʙʭʦʜʠʤʦ ʠʩʩʣʝʜʦʚʘʪʴ ʘʢʪʠʚʥʦʩʪʴ 

ʙʘʢʪʝʨʠʘʣʴʥʳʭ ʰʪʘʤʤʦʚ-ʜʝʩʪʨʫʢʪʦʨʦʚ ʥʝ ʪʦʣʴʢʦ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʦʪʜʝʣʴʥʳʤ 

ʢʦʥʛʝʥʝʨʘʤ ʇʍɹ, ʥʦ ʠ ʢ ʠʭ ʩʤʝʩʷʤ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʢʦʤʤʝʨʯʝʩʢʠʝ ʩʤʝʩʠ 

ʩʦʜʝʨʞʘʪ ʦʪ 40 ʜʦ 70 ʢʦʥʛʝʥʝʨʦʚ ʇʍɹ. ɺ ʨʘʤʢʘʭ ʥʘʩʪʦʷʱʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʜʣʷ ʥʘʯʘʣʴʥʦʡ ʦʮʝʥʢʠ ʘʢʪʠʚʥʦʩʪʠ ʰʪʘʤʤʦʚ ʚ ʦʪʥʦʰʝʥʠʠ ʩʤʝʩʝʡ ʇʍɹ ʙʳʣʘ 

ʧʦʣʫʯʝʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʩʤʝʩʴ (ʩʤʝʩʴ ɸ), ʩʦʩʪʦʷʱʘʷ ʠʟ 20 ʢʦʥʛʝʥʝʨʦʚ 

ʩ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʪʝʪʨʘ-ʟʘʤʝʱʝʥʥʳʭ ʭʣʦʨʙʠʬʝʥʠʣʦʚ 

(88.3% ʦʪ ʚʩʝʭ ʢʦʥʛʝʥʝʨʦʚ) (ʇʨʠʣʦʞʝʥʠʝ 1, ʪʘʙʣʠʮʘ 35). 

ɺ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʩ çʦʪʤʳʪʳʤʠè ʢʣʝʪʢʘʤʠ (ʩʤ. ʛʣʘʚʘ 2.7.1) ʫʩʪʘʥʦʚʣʝʥʦ, 

ʯʪʦ ʰʪʘʤʤʳ ʨʦʜʦʚ Rhodococcus ʠ Microbacterium ʧʨʦʷʚʣʷʣʠ ʚʳʩʦʢʫʶ 

ʜʝʛʨʘʜʘʪʠʚʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʢ ʩʤʝʩʠ ɸ (ʨʠʩʫʥʦʢ 44). 

ʈʠʩʫʥʦʢ 44 ï ʈʘʟʣʦʞʝʥʠʝ ʩʤʝʩʠ ɸ (32 ʤʛ/ʣ) ʰʪʘʤʤʘʤʠ Rhodococcus 

sp. B7a (1), R. ruber P25 (2), R. erythropolis G12a (3) ʠ M. oxydans B51 (4) 
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ɿʘ ʪʨʦʝ ʩʫʪʦʢ ʫʨʦʚʝʥʴ ʜʝʩʪʨʫʢʮʠʠ ʩʦʩʪʘʚʠʣ 78ï100%, ʧʨʠ ʵʪʦʤ 

ʥʘʠʙʦʣʴʰʫʶ ʘʢʪʠʚʥʦʩʪʴ ʧʨʦʷʚʣʷʣ ʰʪʘʤʤ M. oxydans B51. ɼʠʥʘʤʠʢʘ 

ʜʝʩʪʨʫʢʮʠʠ ʩʤʝʩʠ ʰʪʘʤʤʘʤʠ R. ruber P25, R. erythropolis G12a ʠ M. oxydans 

B51 ʠʤʝʣʘ ʧʨʦʬʠʣʴ ʚʦʛʥʫʪʦʡ ʢʨʠʚʦʡ, ʭʘʨʘʢʪʝʨʥʦʡ ʜʣʷ ʙʦʣʴʰʠʥʩʪʚʘ 

ʧʨʦʮʝʩʩʦʚ ʙʘʢʪʝʨʠʘʣʴʥʦʛʦ ʨʘʟʣʦʞʝʥʠʷ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ. ʅʘʧʨʦʪʠʚ, 

ʰʪʘʤʤ Rhodococcus sp. B7a ʥʘʠʙʦʣʝʝ ʘʢʪʠʚʥʦ ʨʘʟʣʘʛʘʣ ʩʤʝʩʴ ɸ ʥʘ ʪʨʝʪʴʠ 

ʩʫʪʢʠ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʧʨʦʬʠʣʴ ʛʨʘʬʠʢʘ ʜʝʩʪʨʫʢʮʠʠ ʩʫʱʝʩʪʚʝʥʥʦ 

ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʪʨʘʜʠʮʠʦʥʥʦʛʦ. 

ɺ ʣʠʪʝʨʘʪʫʨʝ ʦʧʠʩʘʥʳ ʙʘʢʪʝʨʠʘʣʴʥʳʝ ʰʪʘʤʤʳ, ʦʩʫʱʝʩʪʚʣʷʶʱʠʝ 

ʜʝʩʪʨʫʢʮʠʶ ʢʦʤʤʝʨʯʝʩʢʠʭ ʩʤʝʩʝʡ ʇʍɹ - Aroclor 1242 ʠ 1248, ʙʣʠʟʢʠʭ 

ʢ ʩʤʝʩʠ ɸ ʧʦ ʠʟʦʤʝʨʥʦʤʫ ʠ ʛʦʤʦʣʦʛʠʯʥʦʤʫ ʩʦʩʪʘʚʫ ʇʍɹ ʠ ʩʦʜʝʨʞʘʥʠʶ 

ʭʣʦʨʘ (ʇʨʠʣʦʞʝʥʠʝ 1). ʊʘʢ, ʰʪʘʤʤ Alcaligenes eutrophus H850 ʨʘʟʣʘʛʘʣ ʦʢʦʣʦ 

81% 10 ʤʛ/ʣ Aroclor 1242 ʠ 1248 ʚ ʪʝʯʝʥʠʝ 2 ʩʫʪ, Pseudomonas aeruginosa 

TMU56 - 57.5-73.3% 200 ʤʛ/ʣ Aroclor 1242 ï ʟʘ 4 ʩʫʪ, ʘ ʰʪʘʤʤʳ ʨʦʜʦʚ 

Enterobacter, Ralstonia ʠ Pseudomonas ʦʩʫʱʝʩʪʚʣʷʣʠ ʜʝʩʪʨʫʢʮʠʶ ʥʘ 37-91% 

100 ʤʛ/ʣ Aroclor 1242  ï ʟʘ 12 ʩʫʪ (Bedard et al., 1987; Adebusoye et al., 2008; 

Hatamiany-Zarmi et al., 2009). A.B. Kolar ʩ ʩʦʪʨ. (2007) ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʠ 

ʦʧʠʩʘʥʳ ʰʪʘʤʤʳ ʨʦʜʘ Rhodococcus, ʩʧʦʩʦʙʥʳʝ ʨʘʟʣʘʛʘʪʴ 50-61% 50 ʤʛ/ʣ 

Aroclor 1248 ʚ ʪʝʯʝʥʠʝ 14 ʩʫʪ. Rhodococcus erythropolis Z6 ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʣ 

56-60% ʭʣʦʨʙʠʬʝʥʠʣʦʚ ʚ ʢʦʤʤʝʨʯʝʩʢʠʭ ʩʤʝʩʷʭ Aroclor 1248 (45 ʤʛ/ʣ) ʠ 

ʇʍɹ50 (50 ʤʛ/ʣ) ʟʘ 14 ʩʫʪ (Petriļ et al., 2007). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʨʦʚʝʥʴ 

ʜʝʩʪʨʫʢʮʠʠ ʭʣʦʨʙʠʬʝʥʠʣʦʚ ʩʤʝʩʠ ɸ ʰʪʘʤʤʘʤʠ Rhodococcus sp. B7a, 

R. erythropolis G12a, R. ruber P25 ʠ M. oxydans B51 ʩʦʧʦʩʪʘʚʠʤ ʩ ʫʨʦʚʥʝʤ 

ʨʘʟʣʦʞʝʥʠʷ ʩʤʝʩʝʡ ʇʍɹ ʛʨʘʤʦʪʨʠʮʘʪʝʣʴʥʳʤʠ ʙʘʢʪʝʨʠʷʤʠ ʠ ʟʥʘʯʠʪʝʣʴʥʦ 

ʧʨʝʚʳʰʘʝʪ ʘʥʘʣʦʛʠʯʥʳʡ ʧʦʢʘʟʘʪʝʣʴ, ʚʳʷʚʣʝʥʥʳʡ ʜʣʷ ʛʨʘʤʧʦʣʦʞʠʪʝʣʴʥʳʭ 

ʰʪʘʤʤʦʚ-ʜʝʩʪʨʫʢʪʦʨʦʚ ʇʍɹ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʢʫʣʴʪʫʨʘʣʴʥʦʡ ʞʠʜʢʦʩʪʠ ʰʪʘʤʤʦʚ Rhodococcus sp. 

B7a, R. erythropolis G12a, R. ruber P25 ʠ M. oxydans B51 ʧʨʠ ʜʝʩʪʨʫʢʮʠʠ 

ʩʤʝʩʠ ɸ ʧʨʠʩʫʪʩʪʚʫʶʪ ʩʦʝʜʠʥʝʥʠʷ, ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ ʨʘʟʣʦʞʝʥʠʷ ʇʍɹ 

ʧʦ çʚʝʨʭʥʝʤʫè ʙʠʬʝʥʠʣʴʥʦʤʫ ʧʫʪʠ (ʪʘʙʣʠʮʘ 18). 
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ʊʘʙʣʠʮʘ 18 ï ʆʩʥʦʚʥʳʝ ʤʝʪʘʙʦʣʠʪʳ ʨʘʟʣʦʞʝʥʠʷ ʩʤʝʩʠ ɸ ʰʪʘʤʤʘʤʠ 

ʨʦʜʦʚ Rhodococcus ʠ Microbacterium 

ʐʪʘʤʤ ɺʨʝʤʷ, ʯ 

ʜʠ(ʆʅ)-ʇʍɹ, 

% ʦʪ ʦʙʱʝʛʦ 

ʩʦʩʪʘʚʘ ʩʤʝʩʠ 

(ʭʣʦʨ)ɻʆʌɼʂ 
ʇʨʦʠʟʚʦʜʥʳʝ ʙʝʥʟʦʡʥʦʡ 

ʢʠʩʣʦʪʳ, ʤʛ/ʣ 

ɚʤʘʢʩ, 

ʥʤ 
ʆʇ, ʝʜ. ʍɹʂ ɻɹʂ 

ɺ7ʘ 

24 1.51 Ñ 0.02 

440 

0.156 ʥ.ʜ.* 1.883 Ñ 0.004 

48 2.62 Ñ0.03 0.181 0.079 Ñ 0.001 0.646 Ñ 0.002 

72 2.32 Ñ0.02 0.206 0.057 Ñ 0.003 0.333 Ñ 0.002 

G12a 

24 3.88 Ñ0.04 440 1.289 4.188 Ñ 0.002 0.382 Ñ 0.003 

48 5.45 Ñ0.01 398 1.334 3.329 Ñ 0.001 0.935 Ñ 0.002 

72 5.16 Ñ0.03 397 1.408 5.564 Ñ 0.004 4.191 Ñ 0.003 

P25 

24 6.71 Ñ0.07 ʥ.ʜ. ʥ.ʜ. 0.004 Ñ 0.001 ʥ.ʜ. 

48 19.42 Ñ0.05 ʥ.ʜ. ʥ.ʜ. 0.103 Ñ 0.002 ʥ.ʜ. 

72 21.85 Ñ0.02 ʥ.ʜ. ʥ.ʜ. 0.073 Ñ 0.002 0.031 Ñ 0.001 

ɺ51 

24 ʥ.ʜ. ʥ.ʜ. ʥ.ʜ. 0.357Ñ 0.001 ʥ.ʜ. 

48 ʥ.ʜ. ʥ.ʜ. ʥ.ʜ. 0.373Ñ 0.002 ʥ.ʜ. 

72 ʥ.ʜ. ʥ.ʜ. ʥ.ʜ. 0.296Ñ 0.001 ʥ.ʜ. 

*  ʥ.ʜ. ï ʥʝ ʜʝʪʝʢʪʠʨʦʚʘʣʠ 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʜʝʩʪʨʫʢʮʠʠ ʩʤʝʩʠ ɸ ʰʪʘʤʤʘʤʠ Rhodococcus sp. 

B7a ʠ R. erythropolis G12a ʥʝ ʧʨʦʠʩʭʦʜʠʣʦ ʥʘʢʦʧʣʝʥʠʷ ʚ ʩʨʝʜʝ 

ʚ ʟʥʘʯʠʪʝʣʴʥʦʤ ʢʦʣʠʯʝʩʪʚʝ ʜʠʛʠʜʨʦʢʩʠ-ʧʦʣʠʭʣʦʨʙʠʬʝʥʠʣʦʚ, 

ʥʦ ʨʝʛʠʩʪʨʠʨʦʚʘʣʦʩʴ ʦʙʨʘʟʦʚʘʥʠʝ ʨʘʟʣʠʯʥʳʭ ɻʆʌɼʂ ʩ ɚʤʘʢʩ = 397, 398, 440 

ʥʤ (ʪʘʙʣʠʮʘ 18). ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʚʳʩʦʢʦʡ ʘʢʪʠʚʥʦʩʪʠ 

2,3-ʜʠʛʠʜʨʦʢʩʠʙʠʬʝʥʠʣ 1,2-ʜʠʦʢʩʠʛʝʥʘʟʳ (BphC) (ʂʌ 1.13.11.39) ʜʘʥʥʳʭ 

ʰʪʘʤʤʦʚ. ʅʘʧʨʦʪʠʚ, ʧʨʠ ʨʘʟʣʦʞʝʥʠʠ ʩʤʝʩʠ ɸ ʰʪʘʤʤʦʤ R. ruber P25 ʥʝ 

ʦʪʤʝʯʝʥʦ ʦʙʨʘʟʦʚʘʥʠʝ ɻʆʌɼʂ, ʥʦ ʟʘʬʠʢʩʠʨʦʚʘʥʦ ʥʘʢʦʧʣʝʥʠʝ ʜʠ(ʆʅ)-ʇʍɹ 
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(ʪʘʙʣʠʮʘ 18). ʀʟʚʝʩʪʥʦ, ʯʪʦ ʭʣʦʨʠʨʦʚʘʥʥʳʝ ʜʠʛʠʜʨʦʢʩʠ-ʭʣʦʨʙʠʬʝʥʠʣʳ 

ʦʩʫʱʝʩʪʚʣʷʶʪ ʦʙʨʘʪʠʤʦʝ ʩʫʙʩʪʨʘʪʥʦʝ ʠʥʛʠʙʠʨʦʚʘʥʠʝ BphC (Vaillancourt et 

al., 2003). ɺʝʨʦʷʪʥʦ, ʵʪʠʤ ʦʙʫʩʣʦʚʣʝʥʦ ʙʦʣʝʝ ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʜʠ(ʆʅ)-

ʇʍɹ ʚ ʩʨʝʜʝ ʫ ʰʪʘʤʤʘ R. ruber P25. ʆʛʨʘʥʠʯʠʚʘʪʴ ʫʪʠʣʠʟʘʮʠʶ ʇʍɹ ʤʦʞʝʪ 

ʪʘʢʞʝ ʥʝʩʧʦʩʦʙʥʦʩʪʴ ɻʆʌɼʂ ʛʠʜʨʦʣʘʟʳ (ʂʌ 3.7.1.8) ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʪʴ ʨʷʜ 

ʠʟʦʤʝʨʦʚ ʭʣʦʨʠʨʦʚʘʥʥʳʭ ɻʆʌɼʂ. ʊʘʢ, ɻʆʌɼʂ, ʥʝʩʫʱʠʝ ʠʦʥʳ ʭʣʦʨʘ 

ʚ ʜʠʝʥʦʘʪʥʦʡ ʯʘʩʪʠ, ʩʣʘʙʦ ʪʨʘʥʩʬʦʨʤʠʨʫʶʪʩʷ ʛʠʜʨʦʣʘʟʘʤʠ ʰʪʘʤʤʦʚ 

R. globerulus P6 ʠ B. xenovorans LB400, ʪʦʛʜʘ ʢʘʢ ɻʆʌɼʂ ʩ ʟʘʤʝʩʪʠʪʝʣʷʤʠ 

ʚ ʬʝʥʦʣʴʥʦʡ ʯʘʩʪʠ ʤʦʣʝʢʫʣʳ ʷʚʣʷʶʪʩʷ ʙʦʣʝʝ ʜʦʩʪʫʧʥʳʤ ʩʫʙʩʪʨʘʪʦʤ 

ʜʣʷ ɻʆʌɼʂ ʛʠʜʨʦʣʘʟ ʜʘʥʥʳʭ ʰʪʘʤʤʦʚ (Seach et al., 2001). ɸʥʘʣʠʟ ʩʦʩʪʘʚʘ 

ʩʤʝʩʠ ɸ ʠ ʚʦʟʤʦʞʥʳʭ ʤʝʪʘʙʦʣʠʯʝʩʢʠʭ ʩʭʝʤ ʨʘʟʣʦʞʝʥʠʷ ʧʦʢʘʟʘʣ, ʯʪʦ 

ʦʩʥʦʚʥʘʷ ʜʦʣʷ ʦʙʨʘʟʫʶʱʠʭʩʷ ɻʆʌɼʂ ʩʦʜʝʨʞʠʪ ʠʦʥʳ ʭʣʦʨʘ ʚ ʦʙʝʠʭ ʯʘʩʪʷʭ 

ʤʦʣʝʢʫʣʳ. ɻʆʌɼʂ ʛʠʜʨʦʣʘʟʳ ʰʪʘʤʤʦʚ Rhodococcus sp. B7a, R. erythropolis 

G12a ʠ R. ruber P25 ʧʨʦʷʚʣʷʶʪ ʘʢʪʠʚʥʦʩʪʴ ʢ ʭʣʦʨʠʨʦʚʘʥʥʳʤ ɻʆʌɼʂ, ʦ ʯʝʤ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʥʘʢʦʧʣʝʥʠʝ ʥʝʚʳʩʦʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ɻʆʌɼʂ ʠ 

ʭʣʦʨʙʝʥʟʦʡʥʳʭ ʢʠʩʣʦʪ ʚ ʢʫʣʴʪʫʨʘʣʴʥʦʡ ʩʨʝʜʝ. ʀʥʪʝʨʝʩʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ 

ʫ ʰʪʘʤʤʘ M. oxydans B51 ʥʝ ʟʘʬʠʢʩʠʨʦʚʘʥʦ ʧʨʠʩʫʪʩʪʚʠʝ ʪʘʢʠʭ ʤʝʪʘʙʦʣʠʪʦʚ 

ʢʘʢ ʜʠʛʠʜʨʦʢʩʠ-ʧʦʣʠʭʣʦʨʙʠʬʝʥʠʣʳ ʠ ɻʆʌɼʂ, ʦʜʥʘʢʦ ʝʩʪʴ ʭʣʦʨʙʝʥʟʦʡʥʳʝ 

ʢʠʩʣʦʪʳ (ʪʘʙʣʠʮʘ 18). ʇʦʣʫʯʝʥʥʳʡ ʨʝʟʫʣʴʪʘʪ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʚʳʩʦʢʦʡ 

ʘʢʪʠʚʥʦʩʪʠ ʬʝʨʤʝʥʪʦʚ çʚʝʨʭʥʝʛʦè ʧʫʪʠ ʫ ʜʘʥʥʦʛʦ ʰʪʘʤʤʘ.  

ʈʘʥʝʝ ʥʘʤʠ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʰʪʘʤʤʳ R. ruber P25 ʠ M. oxydans B51 

ʠʩʧʦʣʴʟʫʶʪ ʤʦʥʦʭʣʦʨʠʨʦʚʘʥʥʳʝ ʙʝʥʟʦʡʥʳʝ ʢʠʩʣʦʪʳ ʚ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ 

ʫʛʣʝʨʦʜʘ (ʩʤ. ʨʘʟʜʝʣ 4.4.1). ɺ ʪʘʙʣʠʮʝ 18 ʚʠʜʥʦ, ʯʪʦ ʥʝʪ ʟʘʚʠʩʠʤʦʩʪʠ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʍɹʂ ʦʪ ʚʨʝʤʝʥʠ ʜʝʩʪʨʫʢʮʠʠ. ʇʨʠ ʵʪʦʤ ʟʘʬʠʢʩʠʨʦʚʘʥʦ 

ʧʨʠʩʫʪʩʪʚʠʝ ʛʠʜʨʦʢʩʠʙʝʥʟʦʡʥʳʭ ʢʠʩʣʦʪ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʤʝʪʘʙʦʣʠʪʘʤʠ 

ʘʵʨʦʙʥʦʡ ʙʘʢʪʝʨʠʘʣʴʥʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʭʣʦʨʙʝʥʟʦʡʥʳʭ ʢʠʩʣʦʪ. 

ʇʦ-ʚʠʜʠʤʦʤʫ, ʰʪʘʤʤʳ Rhodococcus sp. B7a, R. erythropolis G12a, R. ruber P25 

ʠ M. oxydans B51 ʦʩʫʱʝʩʪʚʣʷʶʪ ʨʘʟʣʦʞʝʥʠʝ ʭʣʦʨʙʝʥʟʦʡʥʳʭ ʢʠʩʣʦʪ, 

ʦʙʨʘʟʫʶʱʠʭʩʷ ʧʨʠ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʧʦʣʠʭʣʦʨʙʠʬʝʥʠʣʦʚ ʩʤʝʩʠ ɸ. 

ʈʘʥʝʝ ʩʧʦʩʦʙʥʦʩʪʴ ʢ ʫʪʠʣʠʟʘʮʠʠ ʤʦʥʦ- ʠ ʜʠʭʣʦʨʙʝʥʟʦʡʥʳʭ ʢʠʩʣʦʪ, 
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ʦʙʨʘʟʫʶʱʠʭʩʷ ʧʨʠ ʨʘʟʣʦʞʝʥʠʠ ʪʝʪʨʘ-ʭʣʦʨʙʠʬʝʥʠʣʘ, ʦʧʠʩʘʥʘ ʜʣʷ ʰʪʘʤʤʘ 

Alcaligenes sp. JB1 (Commaundeur et al., 1996). 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʯʝʨʝʟ ʪʨʦʝ ʩʫʪʦʢ ʠʥʢʫʙʘʮʠʠ ʰʪʘʤʤʘ Rhodococcus sp. 

B7a ʩʦ ʩʤʝʩʴʶ ɸ ʚ ʢʫʣʴʪʫʨʘʣʴʥʦʡ ʩʨʝʜʝ ʬʠʢʩʠʨʫʝʪʩʷ ʥʘʣʠʯʠʝ ʠʦʥʦʚ ʭʣʦʨʘ - 

83.8% ʦʪ ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʛʦ ʧʨʠ ʧʦʣʥʦʤ ʜʝʭʣʦʨʠʨʦʚʘʥʠʠ ʠʩʭʦʜʥʦʡ 

ʩʤʝʩʠ ʭʣʦʨʙʠʬʝʥʠʣʦʚ.  

ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ, ʯʪʦ ʧʨʠ ʫʪʠʣʠʟʘʮʠʠ ʩʤʝʩʠ ɸ 

ʰʪʘʤʤʘʤʠ Rhodococcus sp. B7a, R. erythropolis G12a, R. ruber P25 ʠ 

M. oxydans B51 ʥʝ ʧʨʦʠʩʭʦʜʠʪ ʥʘʢʦʧʣʝʥʠʷ ʟʥʘʯʠʪʝʣʴʥʳʭ ʢʦʣʠʯʝʩʪʚ 

ʪʦʢʩʠʯʥʳʭ ʭʣʦʨʠʨʦʚʘʥʥʳʭ ʤʝʪʘʙʦʣʠʪʦʚ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʭ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʚ ʪʝʭʥʦʣʦʛʠʷʭ ʫʪʠʣʠʟʘʮʠʠ ʩʤʝʩʝʡ ʧʦʣʠʭʣʦʨʠʨʦʚʘʥʥʳʭ ʙʠʬʝʥʠʣʦʚ. 

ɼʣʷ ʠʟʫʯʝʥʠʷ ʘʢʪʠʚʥʦʩʪʠ ʰʪʘʤʤʦʚ ʚ ʦʪʥʦʰʝʥʠʠ ʢʦʤʤʝʨʯʝʩʢʠʭ ʩʤʝʩʝʡ 

ʇʍɹ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʩʤʝʩʠ ʊʨʠʭʣʦʨʙʠʬʝʥʠʣ (ʊʍɹ), Delor 103, ʉʦʚʦʣ 

(ʇʨʠʣʦʞʝʥʠʝ 1, ʪʘʙʣʠʮʳ 33, 34). ʂʦʤʤʝʨʯʝʩʢʠʝ ʩʤʝʩʠ ʇʍɹ ʪʦʨʛʦʚʳʭ ʤʘʨʦʢ 

Delor 103 (ʧʨʦʠʟʚʦʜʩʪʚʦ ʏʝʭʠʠ) ʠ ʊʍɹ (ʧʨʦʠʟʚʦʜʩʪʚʦ ʉʉʉʈ) ʠʜʝʥʪʠʯʥʳ 

ʧʦ ʥʘʙʦʨʫ ʢʦʥʛʝʥʝʨʦʚ ʇʍɹ, ʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʳʤ 

ʩʦʜʝʨʞʘʥʠʝʤ ʪʨʠ- ʠ ʪʝʪʨʘ-ʭʣʦʨʠʨʦʚʘʥʥʳʭ ʙʠʬʝʥʠʣʦʚ. ɺ ʩʤʝʩʠ ʉʦʚʦʣ 

ʦʩʥʦʚʥʫʶ ʜʦʣʶ ʩʦʩʪʘʚʣʷʶʪ ʧʝʥʪʘ- ʠ ʛʝʢʩʘ-ʭʣʦʨʙʠʬʝʥʠʣʳ (ʇʨʠʣʦʞʝʥʠʝ 1, 

ʪʘʙʣʠʮʘ 34). ʉʨʝʜʠ ʚʩʝʛʦ ʩʧʝʢʪʨʘ ʢʦʤʤʝʨʯʝʩʢʠʭ ʩʤʝʩʝʡ ʇʍɹ ʥʘʠʙʦʣʝʝ 

ʙʣʠʟʢʠʤʠ ʧʦ ʩʦʩʪʘʚʫ ʢ Delor 103/ʊʍɹ ʷʚʣʷʶʪʩʷ Aroclor 1242 (ʧʨʦʠʟʚʦʜʩʪʚʦ 

ʉʐɸ), Kaneclor 300 (ʧʨʦʠʟʚʦʜʩʪʚʦ ʗʧʦʥʠʷ), ʘ ʢ ʩʦʩʪʘʚʫ ʉʦʚʦʣʘ ʥʘʠʙʦʣʝʝ 

ʙʣʠʟʢʠʤʠ ʷʚʣʷʶʪʩʷ Aroclor 1248 ʠ Aroclor 1254 (ʧʨʦʠʟʚʦʜʩʪʚʦ ʉʐɸ) 

(ʇʨʠʣʦʞʝʥʠʝ 1, ʪʘʙʣʠʮʘ 32). 

ʀʟʫʯʝʥʘ ʩʧʦʩʦʙʥʦʩʪʴ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʰʪʘʤʤʦʚ ʨʦʜʦʚ Pseudomonas ʠ 

Rhodococcus, ʠʟʦʣʠʨʦʚʘʥʥʳʭ ʠʟ ʦʙʨʘʟʮʦʚ ʧʦʯʚ ʩ ʨʘʟʥʳʤ ʫʨʦʚʥʝʤ ʟʘʛʨʷʟʥʝʥʠʷ 

ʭʣʦʨʘʨʦʤʘʪʠʯʝʩʢʠʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ (ʩʤ. ʛʣʘʚʘ 3, ʇʨʠʣʦʞʝʥʠʝ 3), 

ʦʩʫʱʝʩʪʚʣʷʪʴ ʨʘʟʣʦʞʝʥʠʝ ʢʦʤʤʝʨʯʝʩʢʠʭ ʩʤʝʩʝʡ ʇʍɹ (ʪʘʙʣʠʮʳ 19, 20).  
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ʊʘʙʣʠʮʘ 19 ï ʀʟʤʝʥʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ Delor 103/ʊʍɹ* (%) ʚ 

ʧʨʦʮʝʩʩʝ ʘʵʨʦʙʥʦʡ ʙʘʢʪʝʨʠʘʣʴʥʦʡ ʜʝʩʪʨʫʢʮʠʠ  

ɺʨʝʤʷ, ʩʫʪ ʐʪʘʤʤʳ-ʜʝʩʪʨʫʢʪʦʨʳ 

Pseudomonas 

sp. MD8 

Rhodococcus 

sp. MD1 

Rhodococcus 

sp. MD2 

R. wratislaviensis 

KT112-7 

R. ruber P25 

0 100 100 100 100 100 

1 4.33 28.33 18.67 67.8 51.8 

3    31.6 44.0 

5 3.5 26.67 17.83   

7    27.3 24.4 

8 1.2 8.33 16.67   

10    5.3 7.5 

14 0 0 7.24 0 0 

ʋʜʝʣʴʥʘʷ 

ʩʢʦʨʦʩʪʴ 

ʜʝʩʪʨʫʢʮʠʠ, 

ʩʫʪ-1 

0.556 0.311 0.283 0.293 0.259 

*ʅʘʯʘʣʴʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʩʤʝʩʠ Delor 103/ʊʍɹ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʩʦ 

ʰʪʘʤʤʘʤʠ Pseudomonas sp. MD8, Rhodococcus sp. MD1 ʠ Rhodococcus sp. 

MD2 ï 600 ʤʛ/ʣ, ʩʦ ʰʪʘʤʤʘʤʠ R. wratislaviensis KT112-7 ʠ R. ruber P25 ï 

100 ʤʛ/ʣ 

ɸʥʘʣʠʟ ʜʘʥʥʳʭ (ʪʘʙʣʠʮʘ 19) ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʰʪʘʤʤʳ Rhodococcus sp. 

MD1, R. wratislaviensis KT112-7, R. ruber P25 ʠ Pseudomonas sp. MD8 

ʦʩʫʱʝʩʪʚʣʷʶʪ 100%-ʥʦʝ ʨʘʟʣʦʞʝʥʠʝ ʩʤʝʩʠ Delor 103/ʊʍɹ ʟʘ 14 ʩʫʪ. 

ʀʩʢʣʶʯʝʥʠʝ ʩʦʩʪʘʚʣʷʝʪ ʰʪʘʤʤ Rhodococcus sp. MD2. ɼʣʷ ʥʝʛʦ ʙʳʣʘ 

ʭʘʨʘʢʪʝʨʥʘ ʥʠʟʢʘʷ ʫʜʝʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʜʝʩʪʨʫʢʮʠʠ, ʘ ʩʪʝʧʝʥʴ ʫʪʠʣʠʟʘʮʠʠ 

ʩʤʝʩʠ Delor 103/ʊʍɹ ʢ 14 ʩʫʪ ʩʦʩʪʘʚʠʣʘ 92.7%. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʰʪʘʤʤ Pseudomonas sp. MD8 ʥʘʠʙʦʣʝʝ ʘʢʪʠʚʥʦ 

ʦʩʫʱʝʩʪʚʣʷʣ ʨʘʟʣʦʞʝʥʠʝ ʩʤʝʩʠ ʇʍɹ ʚ ʧʝʨʚʳʝ ʩʫʪʢʠ ʠʥʢʫʙʘʮʠʠ (ʫʨʦʚʝʥʴ 

ʜʝʩʪʨʫʢʮʠʠ ʩʦʩʪʘʚʠʣ 95.67%), ʪʦʛʜʘ ʢʘʢ ʫ ʰʪʘʤʤʦʚ ʨʦʜʘ Rhodococcus 

ʫʨʦʚʝʥʴ ʜʝʩʪʨʫʢʮʠʠ Delor 103/ʊʍɹ ʟʘ ʧʝʨʚʳʝ ʩʫʪʢʠ ʚʘʨʴʠʨʦʚʘʣ ʚ ʜʠʘʧʘʟʦʥʝ 

32.2 ï 81.33%. ʀʟʚʝʩʪʥʳʝ ʛʨʘʤʦʪʨʠʮʘʪʝʣʴʥʳʝ ʰʪʘʤʤʳ-ʜʝʩʪʨʫʢʪʦʨʳ ʇʍɹ 

Pseudomonas aeruginosa TMU56, Pseudomonas sp. SA-6, Burkholderia sp. 

TSN101, Enterobacter sp. SA-2 ʠ Ralstonia sp. SA-5 ʦʩʫʱʝʩʪʚʣʷʶʪ ʨʘʟʣʦʞʝʥʠʝ 

Aroclor 1242 (100 ï 200 ʤʛ/ʣ) /Kaneclor 300 (50 ï 150 ʤʛ/ʣ) ʥʘ 37 ï 91% 
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(Mukerjee-Dhar et al., 1998; Adebusoye et al., 2008; Hatamian-Zarmi et al., 

2009). 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʟʣʦʞʝʥʠʷ ʢʦʤʤʝʨʯʝʩʢʦʡ ʩʤʝʩʠ ʇʍɹ ʤʘʨʢʠ ʉʦʚʦʣ 

ʠʩʩʣʝʜʫʝʤʳʤʠ ʰʪʘʤʤʘʤʠ ʙʳʣʘ ʥʠʞʝ, ʯʝʤ ʧʨʠ ʜʝʩʪʨʫʢʮʠʠ Delor 103/ʊʍɹ 

(ʪʘʙʣʠʮʘ 20). 

ʊʘʙʣʠʮʘ 20 ï ʀʟʤʝʥʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʉʦʚʦʣʘ* (%) ʚ ʧʨʦʮʝʩʩʝ 

ʜʝʩʪʨʫʢʮʠʠ ʙʘʢʪʝʨʠʘʣʴʥʳʤʠ ʰʪʘʤʤʘʤʠ 

ɺʨʝʤʷ, ʩʫʪ ʐʪʘʤʤʳ-ʜʝʩʪʨʫʢʪʦʨʳ 

Pseudomonas 

sp. MD8 

Rhodococcus 

sp. MD1 

Rhodococcus 

sp. MD2 

Rhodococcus 

wratislaviensis 

KT112-7 

Rhodococcus 

ruber P25 

0 100 100 100 100 100 

1 15.5 14.5 32.8 93.6 85.3 

3    46.0 61.6 

5 12.3 12.6 11.6   

7    28.8 59.4 

8 9.8 12.5 10.3   

10    14.1 17.5 

14 6.4 11.2 6.9 3.9 4.2 

ʋʜʝʣʴʥʘʷ 

ʩʢʦʨʦʩʪʴ 

ʜʝʩʪʨʫʢʮʠʠ, 

ʩʫʪ-1 

0.290 0.259 0.284 0.195 0.174 

*ʅʘʯʘʣʴʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʩʤʝʩʠ ʉʦʚʦʣ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʩʦ ʰʪʘʤʤʘʤʠ 

Pseudomonas sp. MD8, Rhodococcus sp. MD1 ʠ Rhodococcus sp. MD2 ï 

600 ʤʛ/ʣ, ʩʦ ʰʪʘʤʤʘʤʠ R. wratislaviensis KT112-7 ʠ R. ruber P25 ï 100 ʤʛ/ʣ 

 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʟʘ 14 ʩʫʪ ʰʪʘʤʤʳ Rhodococcus sp. MD1, Rhodococcus 

sp. MD2, R. wratislaviensis KT112-7, R. ruber P25 ʠ Pseudomonas sp. MD8 

ʦʩʫʱʝʩʪʚʣʷʶʪ ʨʘʟʣʦʞʝʥʠʝ 88.8ï96.1% ʩʤʝʩʠ ʇʍɹ ʤʘʨʢʠ ʉʦʚʦʣ. ʋʜʝʣʴʥʘʷ 

ʩʢʦʨʦʩʪʴ ʜʝʩʪʨʫʢʮʠʠ ʉʦʚʦʣʘ ʫ ʰʪʘʤʤʦʚ MD1, MD8, KT112-7 ʠ ʈ25 ʥʠʞʝ 

ʘʥʘʣʦʛʠʯʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʧʨʠ ʨʘʟʣʦʞʝʥʠʠ Delor 103/ʊʍɹ ʚ 1.2ï2.8 ʨʘʟʘ, ʪʦʛʜʘ 

ʢʘʢ ʫ ʰʪʘʤʤʘ Rhodococcus sp. MD2 ʟʥʘʯʝʥʠʝ ʫʜʝʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʜʝʩʪʨʫʢʮʠʠ 

ʙʳʣʦ ʙʣʠʟʢʠʤ ʜʣʷ ʦʙʦʠʭ ʩʫʙʩʪʨʘʪʦʚ. ʀʥʪʝʨʝʩʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʘʢʪʠʚʥʳʡ 

ʰʪʘʤʤ-ʜʝʩʪʨʫʢʪʦʨ ʇʍɹ Paraburkholderia xenovorans LB400 ʦʩʫʱʝʩʪʚʣʷʝʪ 

ʨʘʟʣʦʞʝʥʠʝ 25 ʤʛ/ʣ Aroclor 1248 ʥʘ 76% ʟʘ 7 ʩʫʪ (Bako et al., 2021). 
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ʇʨʠ ʩʨʘʚʥʝʥʠʠ ʘʥʘʣʦʛʠʯʥʦʛʦ ʧʝʨʠʦʜʘ ʜʝʩʪʨʫʢʮʠʠ ʚ ʥʘʩʪʦʷʱʝʤ ʠʩʩʣʝʜʦʚʘʥʠʠ 

ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʰʪʘʤʤ R. wratislaviensis KT112-7 ʨʘʟʣʘʛʘʝʪ ʟʘ 7 ʩʫʪ 71.2% 

ʉʦʚʦʣʘ, ʯʪʦ ʙʣʠʟʢʦ ʢ ʜʝʛʨʘʜʘʪʠʚʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʰʪʘʤʤʘ LB400. ʐʪʘʤʤ 

R. ruber P25 ʨʘʟʣʘʛʘʝʪ 40.6% ʉʦʚʦʣʘ, ʯʪʦ ʥʠʞʝ ʧʦʢʘʟʘʪʝʣʷ ʰʪʘʤʤʘ LB400, 

ʥʦ ʚ ʪʝʯʝʥʠʝ ʩʣʝʜʫʶʱʠʭ 7 ʩʫʪ ʜʝʩʪʨʫʢʮʠʷ ʧʨʦʪʝʢʘʝʪ ʘʢʪʠʚʥʦ, ʯʪʦ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʚʳʩʦʢʦʤ ʙʠʦʜʝʛʨʘʜʘʪʠʚʥʦʤ ʧʦʪʝʥʮʠʘʣʝ ʜʘʥʥʦʛʦ ʰʪʘʤʤʘ. 

ʐʪʘʤʤʳ Pseudomonas sp. MD8, Rhodococcus sp. MD1 ʠ MD2 ʟʘ 8 ʩʫʪ 

ʦʩʫʱʝʩʪʚʣʷʶʪ ʨʘʟʣʦʞʝʥʠʝ 90.2, 87.5 ʠ 89.7% ʉʦʚʦʣʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, 

ʯʪʦ ʧʨʝʚʳʰʘʝʪ ʘʥʘʣʦʛʠʯʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʰʪʘʤʤʘ LB400. 

ʅʘ ʨʠʩʫʥʢʝ 45 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʙʠʦʜʝʩʪʨʫʢʮʠʠ ʛʨʫʧʧ 

ʢʦʥʛʝʥʝʨʦʚ ʇʍɹ ʠʟ ʩʤʝʩʝʡ Delor 103/ʊʍɹ ʠ ʉʦʚʦʣ ʰʪʘʤʤʘʤʠ R. ruber P25 ʠ 

R. wratislaviensis KT112-7. 

ʏʝʨʝʟ 7 ʩʫʪʦʢ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ʫʙʳʣʴ ʚʩʝʭ ʛʨʫʧʧ ʢʦʥʛʝʥʝʨʦʚ ʫ ʰʪʘʤʤʘ 

ʂʊ112-7 ʩʦʩʪʘʚʠʣ 70ï80%, ʘ ʜʣʷ ʰʪʘʤʤʘ ʈ25 ï 75ï80%. ʂ 10 ʩʫʪ 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʚʩʝʭ ʛʨʫʧʧ ʢʦʥʛʝʥʝʨʦʚ ʩʤʝʩʠ Delor 103/ʊʍɹ ʩʥʠʟʠʣʘʩʴ ʥʘ 

94ī97% ʠ 89ī96% ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʘ ʠʭ ʠʩʯʝʨʧʳʚʘʶʱʘʷ ʜʝʛʨʘʜʘʮʠʷ 

ʫʩʪʘʥʦʚʣʝʥʘ ʧʦ ʠʩʪʝʯʝʥʠʠ 14 ʩʫʪ. 

ɼʣʷ ʢʦʥʛʝʥʝʨʦʚ ʇʍɹ ʩʤʝʩʠ ʉʦʚʦʣ ʧʨʦʮʝʩʩ ʙʠʦʫʪʠʣʠʟʘʮʠʠ ʷʚʣʷʝʪʩʷ 

ʙʦʣʝʝ ʩʣʦʞʥʳʤ. ʅʘʙʣʶʜʘʝʪʩʷ ʠʩʯʝʨʧʳʚʘʶʱʝʝ ʙʠʦʨʘʟʣʦʞʝʥʠʝ 

ʪʨʠʭʣʦʨʙʠʬʝʥʠʣʦʚ ʟʘ 10 ʩʫʪ ʠ ʛʝʧʪʘʭʣʦʨʙʠʬʝʥʠʣʦʚ ʟʘ 10 ʩʫʪ ʜʣʷ ʰʪʘʤʤʘ ʈ25 

ʠ ʟʘ 14 ʩʫʪ ʜʣʷ ʰʪʘʤʤʘ ʂʊ112-7. ʋʯʠʪʳʚʘʷ, ʯʪʦ ʩʦʜʝʨʞʘʥʠʝ ʪʨʠ- ʠ 

ʛʝʧʪʘʭʣʦʨʙʠʬʝʥʠʣʦʚ ʚ ʩʦʩʪʘʚʝ ʩʤʝʩʠ ʉʦʚʦʣ ʥʘʭʦʜʠʪʩʷ ʥʘ ʫʨʦʚʥʝ 1% 

(ʂʠʨʠʯʝʥʢʦ ʠ ʜʨ., 2000), ʧʨʦʮʝʩʩ ʠʭ ʜʝʛʨʘʜʘʮʠʠ ʥʝ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʷʶʱʠʤ. 

ɼʝʛʨʘʜʘʪʠʚʥʳʡ ʧʦʪʝʥʮʠʘʣ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʪʝʪʨʘ- ʠ ʧʝʥʪʘʭʣʦʨʙʠʬʝʥʠʣʘʤ 

ʷʚʣʷʝʪʩʷ ʧʨʠʤʝʨʥʦ ʦʜʠʥʘʢʦʚʳʤ ʜʣʷ ʚʩʝʭ ʰʪʘʤʤʦʚ: ʧʦ ʠʩʪʝʯʝʥʠʠ 14 ʩʫʪ ʵʪʠʭ 

ʢʦʥʛʝʥʝʨʦʚ ʦʩʪʘʣʦʩʴ 2ī4%. ɼʣʷ ʛʝʢʩʘʭʣʦʨʠʨʦʚʘʥʥʳʭ ʢʦʥʛʝʥʝʨʦʚ (20% ʚ 

ʩʤʝʩʠ ʉʦʚʦʣ) ʠʩʯʝʨʧʳʚʘʶʱʝʝ ʙʠʦʨʘʟʣʦʞʝʥʠʝ ʥʘʙʣʶʜʘʝʪʩʷ ʟʘ 14 ʩʫʪ ʚ ʩʣʫʯʘʝ 

ʰʪʘʤʤʘ ʂʊ112-7, ʘ ʜʣʷ ʰʪʘʤʤʦʚ ʈ25 ʵʪʦʪ ʧʦʢʘʟʘʪʝʣʴ ʩʦʩʪʘʚʣʷʝʪ 98%. 
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ʈʠʩʫʥʦʢ 45 ï ɿʘʚʠʩʠʤʦʩʪʴ ʩʫʤʤʘʨʥʳʭ ʧʣʦʱʘʜʝʡ ʧʠʢʦʚ ʛʨʫʧʧ 

ʢʦʥʛʝʥʝʨʦʚ ʇʍɹ ʦʪ ʚʨʝʤʝʥʠ ʙʠʦʜʝʩʪʨʫʢʮʠʠ ʧʦʜ ʜʝʡʩʪʚʠʝʤ 

ʙʘʢʪʝʨʠʘʣʴʥʳʭ ʰʪʘʤʤʦʚ ʂʊ112-7 (a, ʙ) ʠ ʈ25 (ʚ, ʛ) ʚ ʜʠʘʧʘʟʦʥʝ 0 ï 14 ʩʫʪ: 

a, ʚ ī ʜʣʷ ʩʤʝʩʠ Delor 103/ʊʍɹ; ʙ, ʛ ī ʜʣʷ ʩʤʝʩʠ ʉʦʚʦʣ: 2Cl ï 

ʜʠʭʣʦʨʙʠʬʝʥʠʣʳ, 3Cl ï ʪʨʠʭʣʦʨʙʠʬʝʥʠʣʳ, 4Cl ï ʪʝʪʨʘʭʣʦʨʙʠʬʝʥʠʣʳ, 5Cl ï 

ʧʝʥʪʘʭʣʦʨʙʠʬʝʥʠʣʳ, 6Cl ï ʛʝʢʩʘʭʣʦʨʙʠʬʝʥʠʣʳ, 7Cl ï ʛʝʧʪʘʭʣʦʨʙʠʬʝʥʠʣʳ 

 

ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʢʘʟʘʣ, ʯʪʦ ʠʩʩʣʝʜʫʝʤʳʝ ʰʪʘʤʤʳ 

ʵʬʬʝʢʪʠʚʥʦ ʨʘʟʨʫʰʘʶʪ ʩʤʝʩʠ ʇʍɹ Delor 103/ʊʍɹ ʠ ʉʦʚʦʣ. ʆʜʥʘʢʦ 

ʜʝʛʨʘʜʘʪʠʚʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʚ ʩʣʫʯʘʝ ʨʘʟʣʦʞʝʥʠʷ ʩʤʝʩʠ ʇʍɹ ʤʘʨʢʠ ʉʦʚʦʣ 

ʥʠʞʝ, ʯʝʤ ʧʨʠ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʩʤʝʩʠ ʇʍɹ ʤʘʨʢʠ Delor 103/ʊʍɹ. ʇʨʠʯʠʥʘ 

ʪʘʢʦʛʦ ʨʝʟʫʣʴʪʘʪʘ ʢʨʦʝʪʩʷ, ʦʯʝʚʠʜʥʦ, ʚ ʢʦʥʛʝʥʝʨʥʦʤ ʩʦʩʪʘʚʝ ʧʨʠʤʝʥʝʥʥʳʭ 

ʜʣʷ ʙʠʦʨʘʟʣʦʞʝʥʠʷ ʩʤʝʩʝʡ ʇʍɹ ʠ ʚ ʦʩʦʙʝʥʥʦʩʪʷʭ ʬʝʨʤʝʥʪʥʳʭ ʩʠʩʪʝʤ ʩʘʤʠʭ 

ʰʪʘʤʤʦʚ. 
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ʄʝʭʘʥʠʟʤ ʙʠʦʪʨʘʥʩʬʦʨʤʘʮʠʠ ʢʦʥʛʝʥʝʨʦʚ ʇʍɹ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʘʵʨʦʙʥʳʭ 

ʙʘʢʪʝʨʠʡ ʠʟʫʯʝʥ ʜʦʚʦʣʴʥʦ ʧʦʜʨʦʙʥʦ (Sylvestre, 1995; Parales, Resnick, 2006; 

Fukuda, 2014; Agull· et al., 2019). ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʜʣʷ ʨʘʟʣʦʞʝʥʠʷ 

ʢʦʥʛʝʥʝʨʦʚ ʇʍɹ ʧʦ çʚʝʨʭʥʝʤʫè ʙʠʬʝʥʠʣʴʥʦʤʫ ʧʫʪʠ ʥʝʦʙʭʦʜʠʤʦ ʥʘʣʠʯʠʝ ʚ 

ʤʦʣʝʢʫʣʝ ʇʍɹ ʜʚʫʭ ʚʠʮʠʥʘʣʴʥʳʭ ʥʝʟʘʤʝʱʝʥʥʳʭ ʘʪʦʤʦʚ ʫʛʣʝʨʦʜʘ ʜʣʷ 

ʜʦʩʪʫʧʘ ʙʠʬʝʥʠʣ ʜʠʦʢʩʠʛʝʥʘʟʳ.  

ʋʯʠʪʳʚʘʷ ʢʦʥʛʝʥʝʨʥʳʡ ʩʦʩʪʘʚ ʩʤʝʩʝʡ ʇʍɹ Delor 103/ʊʍɹ ʠ ʉʦʚʦʣ 

ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʜʣʷ ʜʠʭʣʦʨʙʠʬʝʥʠʣʦʚ ʠʟ ʩʤʝʩʠ Delor 103/ʊʍɹ 

ʧʨʦʮʝʩʩ ʙʠʦʜʝʩʪʨʫʢʮʠʠ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʰʪʘʤʤʦʚ Rhodococcus sp. MD1, 

Rhodococcus sp. MD2, R. wratislaviensis KT112-7, R. ruber P25 ʠ Pseudomonas 

sp. MD8 ʙʫʜʝʪ ʧʨʦʭʦʜʠʪʴ ʧʦ ʢʣʘʩʩʠʯʝʩʢʦʤʫ ʧʫʪʠ. ʇʨʠ ʣʶʙʦʤ 

ʤʝʩʪʦʨʘʩʧʦʣʦʞʝʥʠʠ ʘʪʦʤʦʚ ʭʣʦʨʘ ʚ ʜʚʫʭ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʮʠʢʣʘʭ (ʦʙʘ ʘʪʦʤʘ 

ʭʣʦʨʘ ʚ ʦʜʥʦʤ ʢʦʣʴʮʝ ʠʣʠ ʧʦ ʦʜʥʦʤʫ ʚ ʢʘʞʜʦʤ) ʚʩʝʛʜʘ ʥʘʡʜʝʪʩʷ ʜʚʘ 

ʚʠʮʠʥʘʣʴʥʳʭ ʘʪʦʤʘ ʫʛʣʝʨʦʜʘ, ʥʝʟʘʤʝʱʝʥʥʳʭ ʘʪʦʤʘʤʠ ʭʣʦʨʘ. 

ɼʣʷ ʪʨʠʭʣʦʨʠʨʦʚʘʥʥʳʭ ʢʦʥʛʝʥʝʨʦʚ ʠʟ ʩʤʝʩʝʡ ʇʍɹ Delor 103/ʊʍɹ ʠ 

ʉʦʚʦʣ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʪʦʯʥʦ ʪʘʢʦʝ ʞʝ ʫʤʦʟʘʢʣʶʯʝʥʠʝ: ʢʦʛʜʘ ʚʩʝ ʪʨʠ ʘʪʦʤʘ 

ʭʣʦʨʘ ʥʘʭʦʜʷʪʩʷ ʚ ʦʜʥʦʤ ʮʠʢʣʝ, ʘ ʜʨʫʛʦʡ ʘʨʦʤʘʪʠʯʝʩʢʠʡ ʬʨʘʛʤʝʥʪ ʩʚʦʙʦʜʝʥ 

ʦʪ ʭʣʦʨʥʳʭ ʟʘʤʝʩʪʠʪʝʣʝʡ, ʠʣʠ, ʢʦʛʜʘ ʘʪʦʤʳ ʭʣʦʨʘ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚ ʮʠʢʣʘʭ 

ʢʘʢ {2+1}, ʪʦʛʜʘ ʚ ʧʦʩʣʝʜʥʝʤ ʩʣʫʯʘʝ, ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ ʚ ʤʦʥʦʭʣʦʨʠʨʦʚʘʥʥʦʤ 

ʬʨʘʛʤʝʥʪʝ, ʚʩʝʛʜʘ ʙʫʜʫʪ ʩʫʱʝʩʪʚʦʚʘʪʴ ʜʚʘ ʚʠʮʠʥʘʣʴʥʳʭ ʘʪʦʤʘ ʫʛʣʝʨʦʜʘ, 

ʥʝʟʘʤʝʱʝʥʥʳʭ ʘʪʦʤʘʤʠ ʭʣʦʨʘ. 

ʉʨʝʜʠ ʪʝʪʨʘʭʣʦʨʙʠʬʝʥʠʣʦʚ, ʧʦ ʚʩʝʡ ʚʝʨʦʷʪʥʦʩʪʠ, ʠʤʝʝʪʩʷ ʪʦʣʴʢʦ ʦʜʠʥ 

ʢʦʥʛʝʥʝʨ ï 3,5,3',5'-ʪʝʪʨʘʭʣʦʨʙʠʬʝʥʠʣ (ʇʍɹ 80) (Mills  III  et al., 2007), ʫ 

ʢʦʪʦʨʦʛʦ ʦʪʩʫʪʩʪʚʫʶʪ ʜʚʘ ʚʠʮʠʥʘʣʴʥʳʭ ʘʪʦʤʘ ʫʛʣʝʨʦʜʘ, ʥʝʟʘʤʝʱʝʥʥʳʭ 

ʘʪʦʤʘʤʠ ʭʣʦʨʘ. ʅʦ ʜʘʥʥʳʡ ʢʦʥʛʝʥʝʨ ʚ ʩʤʝʩʷʭ ʇʍɹ Delor 103/ʊʍɹ ʠ ʉʦʚʦʣ 

ʦʪʩʫʪʩʪʚʫʝʪ. 

ɺʩʝ ʧʝʥʪʘʭʣʦʨʠʨʦʚʘʥʥʳʝ ʢʦʥʛʝʥʝʨʳ ʠʟ ʩʦʩʪʘʚʘ ʠʟʫʯʘʝʤʳʭ ʩʤʝʩʝʡ ʪʘʢʞʝ 

ʤʦʛʫʪ ʙʳʪʴ ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʥʳ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʙʠʬʝʥʠʣ 1,2-ʜʠʦʢʩʠʛʝʥʘʟʳ ʧʦ 

ʢʣʘʩʩʠʯʝʩʢʦʤʫ ʧʫʪʠ. ʉʭʝʤʘ çʚʝʨʭʥʝʛʦè ʧʫʪʠ ʟʘʪʨʫʜʥʝʥʘ, ʢʦʛʜʘ ʨʘʩʧʦʣʦʞʝʥʠʝ 

ʧʷʪʠ ʘʪʦʤʦʚ ʭʣʦʨʘ ʚ ʜʚʫʭ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʮʠʢʣʘʭ ʙʫʜʝʪ ʢʘʢ {3+2}. ʇʨʠ ʵʪʦʤ ʚ 
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ʘʨʦʤʘʪʠʯʝʩʢʦʤ ʢʦʣʴʮʝ ʩ ʥʘʠʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʟʘʤʝʩʪʠʪʝʣʝʡ ʥʝ ʜʦʣʞʥʦ 

ʙʳʪʴ ʥʝʦʙʭʦʜʠʤʳʭ ʚʠʮʠʥʘʣʴʥʳʭ ʘʪʦʤʦʚ, ʘ ʚ ʤʝʥʝʝ ʭʣʦʨʠʨʦʚʘʥʥʦʤ ʮʠʢʣʝ 

ʘʪʦʤʳ ʭʣʦʨʘ ʜʦʣʞʥʳ ʨʘʩʧʦʣʘʛʘʪʴʩʷ ʧʨʠ ʉ-3 ʠ ʉ-5. ʊʘʢʠʤ ʪʨʝʙʦʚʘʥʠʷʤ 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʜʚʘ ʢʦʥʛʝʥʝʨʘ ï 2,3,5,3',5'- (ʇʍɹ 111) ʠ 3,4,5,3',5'-

ʧʝʥʪʘʭʣʦʨʙʠʬʝʥʠʣ (ʇʍɹ 127) (Mills  III  et al., 2007), ʢʦʪʦʨʳʭ ʥʝʪ ʚ ʩʤʝʩʷʭ 

ʇʍɹ Delor 103/ʊʍɹ ʠ ʉʦʚʦʣ. 

ʉʪʨʦʝʥʠʝ ʛʝʢʩʘʭʣʦʨʙʠʬʝʥʠʣʦʚ ʠʟ ʩʤʝʩʠ ʉʦʚʦʣ, ʜʣʷ ʢʦʪʦʨʳʭ ʩʭʝʤʘ 

çʚʝʨʭʥʝʛʦè ʧʫʪʠ ʟʘʪʨʫʜʥʝʥʘ, ʤʦʞʝʪ ʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴʩʷ ʨʘʩʧʦʣʦʞʝʥʠʝʤ 

ʘʪʦʤʦʚ ʭʣʦʨʘ ʢʘʢ {3+3}, ʪʘʢ ʠ {4+2}. ɼʣʷ ʩʪʨʦʝʥʠʷ {4+2} ʪʘʢʠʤ ʪʨʝʙʦʚʘʥʠʷʤ 

ʦʪʚʝʯʘʝʪ ʪʦʣʴʢʦ 2,3,4,5,3',5'-ʛʝʢʩʘʭʣʦʨʙʠʬʝʥʠʣ (ʇʍɹ 162), ʢʦʪʦʨʦʛʦ ʚ ʩʤʝʩʠ 

ʉʦʚʦʣ ʥʝʪ, ʘ ʜʣʷ ʩʪʨʦʝʥʠʷ {3+3} ï ʪʘʢʠʭ ʢʦʥʛʝʥʝʨʦʚ ʙʫʜʝʪ ʜʝʩʷʪʴ: 

2,4,5,2',4',5'- (ʇʍɹ 153), 2,4,6,2',4',6'- (ʇʍɹ 155), 2,3,5,2',3',5'- (ʇʍɹ 133), 

3,4,5,3',4',5'- (ʇʍɹ 169), 2,4,5,2',4',6'- (ʇʍɹ 154), 2,3,5,2',4',5'- (ʇʍɹ 146), 

2,4,5,3',4',5'- (ʇʍɹ 167), 2,3,5,2',4',6'- (ʇʍɹ 148), 2,4,6,3',4',5'- (ʇʍɹ 168), 

2,3,5,3',4',5'-ʛʝʢʩʘʭʣʦʨʙʠʬʝʥʠʣ (ʇʍɹ 162) (Mills  III  et al., 2007). ʀʟ ʚʩʝʭ 

ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʛʝʢʩʘʭʣʦʨʠʨʦʚʘʥʥʳʭ ʢʦʥʛʝʥʝʨʦʚ ʪʦʣʴʢʦ ʇʍɹ 153 ʚʭʦʜʠʪ ʚ 

ʩʦʩʪʘʚ ʩʤʝʩʠ ʉʦʚʦʣ, ʘ ʝʛʦ ʢʦʣʠʯʝʩʪʚʦ ʚʤʝʩʪʝ ʩ ʩʦʵʣʶʠʨʦʚʘʚʰʠʤʩʷ ʇʍɹ 132 

(2,3,4,2',3',6'-) ʩʦʩʪʘʚʣʷʝʪ 6.1% (ʂʠʨʠʯʝʥʢʦ ʠ ʜʨ., 2000). ʂʨʦʤʝ ʪʦʛʦ, ʚ ʩʦʩʪʘʚʝ 

ʩʤʝʩʠ ʉʦʚʦʣ ʧʨʠʩʫʪʩʪʚʫʝʪ ʛʝʧʪʘʭʣʦʨʠʨʦʚʘʥʥʳʡ ʇʍɹ 180 (2,3,4,5,2',4',5'-) 

(0.6%), ʫ ʢʦʪʦʨʦʛʦ ʦʪʩʫʪʩʪʚʫʶʪ ʚʠʮʠʥʘʣʴʥʳʝ ʩʚʦʙʦʜʥʳʝ ʘʪʦʤʳ ʫʛʣʝʨʦʜʘ ʚ 

ʤʦʣʝʢʫʣʝ. 

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʩʭʝʤʘ ʨʘʟʣʦʞʝʥʠʷ ʇʍɹ 153 ʠ ʇʍɹ 180 ʙʫʜʝʪ ʦʪʣʠʯʘʪʴʩʷ 

ʦʪ ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʧʫʪʠ ʘʵʨʦʙʥʦʡ ʙʠʦʜʝʩʪʨʫʢʮʠʠ ʇʍɹ. ʄʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, 

ʯʪʦ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʚ ʧʨʦʮʝʩʩʝ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʤʦʣʝʢʫʣʳ ʇʍɹ ʙʫʜʫʪ 

ʫʯʘʩʪʚʦʚʘʪʴ ʬʝʨʤʝʥʪʳ ʢʣʘʩʩʘ ʤʦʥʦʦʢʩʠʛʝʥʘʟ, ʘ ʥʝ ʜʠʦʢʩʠʛʝʥʘʟ. ʀʟʚʝʩʪʥʦ, ʯʪʦ 

ʚ ʦʢʠʩʣʝʥʠʠ ʭʣʦʨʘʨʦʤʘʪʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʫ ʙʘʢʪʝʨʠʡ ʤʦʛʫʪ ʫʯʘʩʪʚʦʚʘʪʴ 

ʬʣʘʚʠʥʦʚʳʝ ʤʦʥʦʦʢʩʠʛʝʥʘʟʳ (ʛʨʫʧʧʘ D) (ʂʌ 1.14.14.9) ʠ ʮʠʪʦʭʨʦʤ ʈ450 

ʤʦʥʦʦʢʩʠʛʝʥʘʟʳ (ʂʌ 1.14.14.1) (Luo et al., 2016; Sun et al., 2018; Goto et al., 

2018; Paul et al., 2021). ɺ ʨʝʟʫʣʴʪʘʪʝ ʜʝʡʩʪʚʠʷ ʤʦʥʦʦʢʩʠʛʝʥʘʟ ʦʙʨʘʟʫʶʪʩʷ 

ʤʦʥʦʛʠʜʨʦʢʩʠʣʠʨʦʚʘʥʥʳʝ ʧʨʦʠʟʚʦʜʥʳʝ ʘʨʦʤʘʪʠʯʝʩʢʠʭ/ʭʣʦʨʘʨʦʤʘʪʠʯʝʩʢʠʭ 
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ʩʦʝʜʠʥʝʥʠʡ. ɸʥʘʣʠʟ ʛʝʥʦʤʘ ʠʩʩʣʝʜʫʝʤʳʭ ʰʪʘʤʤʦʚ ʧʦʢʘʟʘʣ, ʯʪʦ ʰʪʘʤʤ 

ʂʊ112-7 (GenBank CP072193.1) ʩʦʜʝʨʞʠʪ ʮʠʪʦʭʨʦʤ ʈ450 ʤʦʥʦʦʢʩʠʛʝʥʘʟʫ, 

ʩʭʦʜʥʫʶ ʩ ʛʦʤʦʣʦʛʠʯʥʳʤʠ ʬʝʨʤʝʥʪʘʤʠ ʰʪʘʤʤʦʚ ʨʦʜʘ Rhodococcus, 

ʦʢʠʩʣʷʶʱʠʤʠ ʘʨʦʤʘʪʠʯʝʩʢʠʝ ʫʛʣʝʚʦʜʦʨʦʜʳ, ʚ ʪʦʤ ʯʠʩʣʝ ʙʠʬʝʥʠʣ (Luo et al., 

2016) (ʩʤ. ʛʣʘʚʫ 5.3, ʨʠʩʫʥʦʢ 36, ʪʘʙʣʠʮʘ 12). ɺ ʛʝʥʦʤʝ ʰʪʘʤʤʘ ʈ25 (GenBank 

LDUF01000000) ʚʳʷʚʣʝʥ ʛʝʥ ʫʥʠʢʘʣʴʥʦʡ FAD-ʟʘʚʠʩʠʤʦʡ ʤʦʥʦʦʢʩʠʛʝʥʘʟʳ, 

ʩʭʦʞʝʡ ʩ ʛʦʤʦʣʦʛʠʯʥʳʤ ʬʝʨʤʝʥʪʦʤ ʰʪʘʤʤʦʚ-ʜʝʩʪʨʫʢʪʦʨʦʚ ʙʠʬʝʥʠʣʘ ʨʦʜʘ 

Rhodococcus ʤʝʥʝʝ ʯʝʤ ʥʘ 90%. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʟʚʦʣʷʶʪ 

ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʚ ʦʢʠʩʣʝʥʠʠ ʇʍɹ 153 ʠ ʇʍɹ 180 ʫ ʰʪʘʤʤʦʚ ʂʊ112-7 ʠ 

P25 ʧʨʠʥʠʤʘʶʪ ʫʯʘʩʪʠʝ ʬʝʨʤʝʥʪʳ ʢʣʘʩʩʘ ʤʦʥʦʦʢʩʠʛʝʥʘʟ. ʆʜʥʘʢʦ ʦʩʪʘʝʪʩʷ 

ʥʝʷʩʥʳʤ ʜʘʣʴʥʝʡʰʠʡ ʤʝʪʘʙʦʣʠʯʝʩʢʠʡ ʧʫʪʴ ʤʦʥʦʛʠʜʨʦʢʩʠʧʨʦʠʟʚʦʜʥʳʭ, 

ʢʦʪʦʨʳʝ ʦʙʨʘʟʫʶʪʩʷ ʧʨʠ ʤʦʥʦʦʢʩʠʛʝʥʘʟʥʦʡ ʘʪʘʢʝ ʢʦʥʛʝʥʝʨʦʚ ʇʍɹ. ɺ ʨʘʙʦʪʝ 

(Sun et al., 2018) ʧʨʝʜʩʪʘʚʣʝʥʦ, ʯʪʦ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʤʝʪʠʣʪʨʘʥʩʬʝʨʘʟ 

ʧʨʦʠʩʭʦʜʠʪ ʤʝʪʠʣʠʨʦʚʘʥʠʝ ʛʠʜʨʦʢʩʠʧʨʦʠʟʚʦʜʥʳʭ ʇʍɹ. ʆʜʥʘʢʦ ʚ ʛʝʥʦʤʘʭ 

ʰʪʘʤʤʦʚ ʨʦʜʘ Rhodococcus, ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʚ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ, ʥʝ 

ʚʳʷʚʣʝʥʦ ʛʝʥʦʚ, ʛʦʤʦʣʦʛʠʯʥʳʭ ʫʢʘʟʘʥʥʳʤ ʚʳʰʝ ʛʝʥʘʤ ʤʝʪʠʣʪʨʘʥʩʬʝʨʘʟ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʦʧʨʦʩ ʫʯʘʩʪʠʷ ʤʦʥʦʦʢʩʠʛʝʥʘʟ ʠʩʩʣʝʜʫʝʤʳʭ ʰʪʘʤʤʦʚ ʚ 

ʦʢʠʩʣʝʥʠʠ ʦʪʜʝʣʴʥʳʭ ʢʦʥʛʝʥʝʨʦʚ ʚ ʩʤʝʩʷʭ ʇʍɹ, ʠʭ ʙʠʦʜʝʛʨʘʜʘʪʠʚʥʘʷ 

ʘʢʪʠʚʥʦʩʪʴ ʠ ʜʘʣʴʥʝʡʰʠʡ ʤʝʪʘʙʦʣʠʯʝʩʢʠʡ ʧʫʪʴ ʦʙʨʘʟʦʚʘʚʰʠʭʩʷ 

ʛʠʜʨʦʢʩʠʧʨʦʠʟʚʦʜʥʳʭ ʇʍɹ ʤʦʞʝʪ ʧʦʩʣʫʞʠʪʴ ʦʩʥʦʚʦʡ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʮʝʩʩʦʚ ʙʘʢʪʝʨʠʘʣʴʥʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʇʍɹ. 

ʊʘʢ ʢʘʢ ʚ ʩʪʨʦʝʥʠʠ ʪʝʪʨʘ- ʠ ʧʝʥʪʘʭʣʦʨʠʨʦʚʘʥʥʳʭ ʢʦʥʛʝʥʝʨʦʚ ʇʍɹ, ʘ 

ʪʘʢʞʝ ʙʦʣʴʰʠʥʩʪʚʘ ʛʝʢʩʘʭʣʦʨʠʨʦʚʘʥʥʳʭ ʇʍɹ, ʚʭʦʜʷʱʠʭ ʚ ʩʦʩʪʘʚ 

ʠʩʩʣʝʜʫʝʤʳʭ ʩʤʝʩʝʡ Delor 103/ʊʍɹ ʠ ʉʦʚʦʣ, ʧʨʠʩʫʪʩʪʚʫʶʪ ʥʝʦʙʭʦʜʠʤʳʝ 

ʚʠʮʠʥʘʣʴʥʳʝ ʘʪʦʤʳ ʫʛʣʝʨʦʜʘ ʜʣʷ ʜʝʡʩʪʚʠʷ ʙʠʬʝʥʠʣ-ʜʠʦʢʩʠʛʝʥʘʟʳ, ʪʦ 

ʩʥʠʞʝʥʠʝ ʩʢʦʨʦʩʪʠ ʜʝʩʪʨʫʢʮʠʠ, ʚʝʨʦʷʪʥʦ, ʦʙʫʩʣʦʚʣʝʥʦ ʦʩʦʙʝʥʥʦʩʪʷʤʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʬʝʨʤʝʥʪʘ ʩ ʚʳʩʦʢʦʭʣʦʨʠʨʦʚʘʥʥʳʤʠ ʙʠʬʝʥʠʣʘʤʠ. ʀʟʚʝʩʪʥʦ, 

ʯʪʦ ʯʝʤ ʚʳʰʝ ʩʪʝʧʝʥʴ ʭʣʦʨʠʨʦʚʘʥʠʷ ʤʦʣʝʢʫʣʳ ʇʍɹ, ʪʝʤ ʙʦʣʴʰʝ ʚʨʝʤʝʥʠ 

ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʘʜʘʧʪʘʮʠʠ ʘʢʪʠʚʥʦʛʦ ʮʝʥʪʨʘ ʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʤʦʣʝʢʫʣʳ 

ʬʝʨʤʝʥʪʘ ʚ ʦʧʪʠʤʘʣʴʥʫʶ ʢʦʥʬʦʨʤʘʮʠʶ ʜʣʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʤʦʣʝʢʫʣʦʡ 
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ʇʍɹ ʠ ʪʝʤ ʥʠʞʝ ʩʢʦʨʦʩʪʴ ʙʠʦʨʘʟʣʦʞʝʥʠʷ ʭʣʦʨʘʨʝʥʦʚ (Cao et al., 2011). 

ʅʘʠʙʦʣʝʝ ʪʨʫʜʥʦʜʦʩʪʫʧʥʳʤʠ ʜʣʷ ʜʠʦʢʩʠʛʝʥʠʨʦʚʘʥʠʷ ʷʚʣʷʶʪʩʷ ʢʦʥʛʝʥʝʨʳ 

ʇʍɹ, ʩʦʜʝʨʞʘʱʠʝ ʟʘʤʝʩʪʠʪʝʣʠ ʚ ʧʘʨʘ-ʧʦʣʦʞʝʥʠʠ (4,4ô-), ʪʘʢ ʢʘʢ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ ʠʭ ʤʦʣʝʢʫʣʳ ʟʘʥʠʤʘʶʪ ʛʦʨʘʟʜʦ ʙʦʣʴʰʝ ʤʝʩʪʘ, ʯʝʤ 

ʭʣʦʨʘʨʝʥʳ ʩ ʤʝʪʘ- ʠʣʠ ʦʨʪʦ-ʘʪʦʤʘʤʠ ʭʣʦʨʘ, ʯʪʦ ʦʛʨʘʥʠʯʠʚʘʝʪ ʜʦʩʪʫʧ 

ʘʢʪʠʚʥʦʛʦ ʩʘʡʪʘ ʜʣʷ ʙʳʩʪʨʦʛʦ ʩʚʷʟʳʚʘʥʠʷ ʇʍɹ ʩ ʬʝʨʤʝʥʪʘʤʠ. ɺ ʩʤʝʩʠ ʇʍɹ 

Delor 103/ʊʍɹ ʢʦʣʠʯʝʩʪʚʦ ʢʦʥʛʝʥʝʨʦʚ, ʥʝ ʩʦʜʝʨʞʘʱʠʭ ʧʘʨʘ-ʘʪʦʤʦʚ ʭʣʦʨʘ, 

ʩʦʩʪʘʚʣʷʝʪ ʤʝʥʝʝ 50% (ʇʨʠʣʦʞʝʥʠʝ 1, ʪʘʙʣʠʮʘ 33), ʚ ʩʤʝʩʠ ʉʦʚʦʣ ʪʘʢʠʭ 

ʢʦʥʛʝʥʝʨʦʚ ʙʦʣʝʝ 80%. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʪʘʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʤʝʩʠ ʇʍɹ 

ʉʦʚʦʣ, ʢʘʢ ʙʦʣʝʝ ʚʳʩʦʢʘʷ ʩʪʝʧʝʥʴ ʭʣʦʨʠʨʦʚʘʥʠʷ ʢʦʥʛʝʥʝʨʦʚ ʠ ʙʦʣʴʰʝʝ 

ʩʦʜʝʨʞʘʥʠʝ ʚ ʥʝʡ ʧʘʨʘ-ʟʘʤʝʱʝʥʥʳʭ ʢʦʥʛʝʥʝʨʦʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʤʝʩʴʶ 

Delor 103/ʊʍɹ, ʩʠʥʝʨʛʝʪʠʯʝʩʢʠ ʚʣʠʷʶʪ ʥʘ ʩʥʠʞʝʥʠʝ ʩʢʦʨʦʩʪʠ ʙʠʦʜʝʩʪʨʫʢʮʠʠ 

ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʰʪʘʤʤʦʚ ʨʦʜʘ Rhodococcus. ʇʦʣʫʯʝʥʥʳʝ ʚ ʥʘʩʪʦʷʱʝʤ 

ʠʩʩʣʝʜʦʚʘʥʠʠ ʨʝʟʫʣʴʪʘʪʳ ʧʦ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʟʣʦʞʝʥʠʷ ʛʨʫʧʧ ʢʦʥʛʝʥʝʨʦʚ 

ʰʪʘʤʤʘʤʠ ʨʦʜʘ Rhodococcus ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʦʧʠʩʘʥʥʳʤʠ ʟʘʢʦʥʦʤʝʨʥʦʩʪʷʤʠ 

(Cao et al., 2011). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʰʪʘʤʤʳ 

R. wratislaviensis KT112-7, R. ruber P25, Rhodococcus sp. MD1, Rhodococcus 

sp. MD2 ʠ Pseudomonas sp. MD8 ʵʬʬʝʢʪʠʚʥʦ ʨʘʟʣʘʛʘʶʪ ʢʦʤʤʝʨʯʝʩʢʠʝ ʩʤʝʩʠ 

ʇʍɹ ʤʘʨʢʠ Delor 103/ʊʍɹ ʠ ʉʦʚʦʣ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʭ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ 

ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʦʙʲʝʢʪʳ ʜʣʷ ʩʦʟʜʘʥʠʷ ʙʠʦʧʨʝʧʘʨʘʪʦʚ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ 

ʫʪʠʣʠʟʘʮʠʶ ʢʦʤʤʝʨʯʝʩʢʠʭ ʩʤʝʩʝʡ ʇʍɹ. 

 

5.2. ɼʝʩʪʨʫʢʮʠ ̫ʢʦʤʤʝʨʯʝʩʢʠʭ ʩʤʝʩʝʡ ʇʍɹ ʙʘʢʪʝʨʠʘʣʴʥʳʤʠ 

ʘʩʩʦʮʠʘʮʠʷʤʠ 

ʆʜʥʫ ʠʟ ʚʝʜʫʱʠʭ ʧʦʟʠʮʠʡ ʚ ʙʠʦʪʝʭʥʦʣʦʛʠʷʭ, ʩʚʷʟʘʥʥʳʭ ʩ ʨʘʟʣʦʞʝʥʠʝʤ 

ʩʣʦʞʥʳʭ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʟʘʥʠʤʘʶʪ ʙʘʢʪʝʨʠʘʣʴʥʳʝ ʘʩʩʦʮʠʘʮʠʠ. 

ʆʧʠʩʘʥʳ ʢʘʢ ʧʨʠʨʦʜʥʳʝ, ʪʘʢ ʠ ʩʦʟʜʘʥʥʳʝ ʠʩʢʫʩʩʪʚʝʥʥʦ ʘʩʩʦʮʠʘʮʠʠ 

ʘʵʨʦʙʥʳʭ ʙʘʢʪʝʨʠʘʣʴʥʳʭ ʰʪʘʤʤʦʚ, ʧʨʦʷʚʣʷʶʱʠʝ ʘʢʪʠʚʥʦʩʪʴ 
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ʢ ʢʦʤʤʝʨʯʝʩʢʠʤ ʩʤʝʩʷʤ ʇʍɹ (Bokvajov§ et al., 1994, Kolar et al., 2007, Kwon 

et al., 2008; Papale et al., 2017; Horv§thov§ et al., 2018).  

ʀʟʫʯʝʥʘ ʜʝʩʪʨʫʢʪʠʚʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʢ ʢʦʤʤʝʨʯʝʩʢʠʤ ʩʤʝʩʷʤ ʇʍɹ ʤʘʨʦʢ 

Delor 103/ʊʍɹ ʠ ʉʦʚʦʣ ʙʘʢʪʝʨʠʘʣʴʥʳʭ ʘʩʩʦʮʠʘʮʠʡ, ʚʳʜʝʣʝʥʥʳʭ ʠʟ ʧʦʯʚ 

ʆɸʆ çʉɺɿʍè (ʛ. ʏʘʧʘʝʚʩʢ, ʈʦʩʩʠʷ) (ʪʘʙʣʠʮʳ 21, 22). ɹʘʢʪʝʨʠʘʣʴʥʳʝ 

ʘʩʩʦʮʠʘʮʠʠ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʤʝʪʦʜʦʤ ʥʘʢʦʧʠʪʝʣʴʥʦʛʦ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ 

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚ ʢʘʯʝʩʪʚʝ ʩʝʣʝʢʪʠʚʥʦʛʦ ʬʘʢʪʦʨʘ ʙʠʬʝʥʠʣʘ ʠʟ ʦʙʨʘʟʮʦʚ 

ʧʦʯʚ, ʦʪʦʙʨʘʥʥʳʭ ʚ 2012 ʛ (ʘʩʩʦʮʠʘʮʠʠ Ch2 ʠ Ch6) ʠ ʚ 2018ʛ (ʘʩʩʦʮʠʘʮʠʠ R24 

ʠ R63). 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʟʘ 8 ʩʫʪ ʙʘʢʪʝʨʠʘʣʴʥʳʝ ʘʩʩʦʮʠʘʮʠʠ Ch2 ʠ Ch6 

ʦʩʫʱʝʩʪʚʣʷʶʪ ʨʘʟʣʦʞʝʥʠʝ ʩʤʝʩʠ ʇʍɹ Delor 103/ʊʍɹ ʥʘ 99.98%, 

ʘ ʙʘʢʪʝʨʠʘʣʴʥʳʝ ʘʩʩʦʮʠʘʮʠʠ R24 ʠ R63 ʟʘ ʘʥʘʣʦʛʠʯʥʳʡ ʧʝʨʠʦʜ ʚʨʝʤʝʥʠ 

ʨʘʟʣʘʛʘʶʪ 99.38ï99.76% Delor 103/ʊʍɹ (ʪʘʙʣʠʮʘ 21). ʉʢʦʨʦʩʪʴ ʜʝʩʪʨʫʢʮʠʠ 

Delor 103/ʊʍɹ ʫ ʠʩʩʣʝʜʫʝʤʳʭ ʘʩʩʦʮʠʘʮʠʡ ʪʘʢʞʝ ʠʤʝʣʘ ʙʣʠʟʢʠʝ ʟʥʘʯʝʥʠʷ. 

ʄʝʪʘʙʦʣʠʯʝʩʢʠʡ ʧʨʦʬʠʣʴ (ʥʘʣʠʯʠʝ ʚ ʢʫʣʴʪʫʨʘʣʴʥʦʡ ʩʨʝʜʝ ɻʆʌɼʂ ʠ ʍɹʂ) 

ʧʦʟʚʦʣʷʝʪ ʩʯʠʪʘʪʴ, ʯʪʦ ʨʘʟʣʦʞʝʥʠʝ ʢʦʥʛʝʥʝʨʦʚ ʚ ʩʦʩʪʘʚʝ Delor 103/ʊʍɹ 

ʧʨʦʠʩʭʦʜʠʪ ʧʦ çʚʝʨʭʥʝʤʫè ʙʠʬʝʥʠʣʴʥʦʤʫ ʧʫʪʠ. ʆʜʥʘʢʦ ʚʳʷʚʣʝʥʳ 

ʩʫʱʝʩʪʚʝʥʥʳʝ ʨʘʟʣʠʯʠʷ ʚ ʥʘʢʦʧʣʝʥʠʠ ʤʝʪʘʙʦʣʠʪʦʚ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʭʣʦʨʙʝʥʟʦʡʥʳʭ ʢʠʩʣʦʪ, ʦʙʨʘʟʫʶʱʠʭʩʷ ʧʨʠ ʨʘʟʣʦʞʝʥʠʠ 

ʢʦʥʛʝʥʝʨʦʚ Delor 103/ʊʍɹ ʙʘʢʪʝʨʠʘʣʴʥʳʤʠ ʘʩʩʦʮʠʘʮʠʷʤʠ, ʚʳʜʝʣʝʥʥʳʤʠ 

ʠʟ ʦʙʨʘʟʮʦʚ ʧʦʯʚ 2012 ʛ, ʥʘ ʪʨʠ ʧʦʨʷʜʢʘ ʥʠʞʝ, ʯʝʤ ʚ ʩʣʫʯʘʝ ʨʘʟʣʦʞʝʥʠʷ Delor 

103/ʊʍɹ ʙʘʢʪʝʨʠʘʣʴʥʳʤʠ ʘʩʩʦʮʠʘʮʠʷʤʠ, ʚʳʜʝʣʝʥʥʳʤʠ ʠʟ ʦʙʨʘʟʮʦʚ ʧʦʯʚ 

2018 ʛ (ʪʘʙʣʠʮʘ 21).  

ɸʥʘʣʠʟ ʣʠʪʝʨʘʪʫʨʳ ʧʦʢʘʟʘʣ, ʯʪʦ ʦʧʠʩʘʥʦ ʥʝʩʢʦʣʴʢʦ ʘʵʨʦʙʥʳʭ 

ʙʘʢʪʝʨʠʘʣʴʥʳʭ ʩʦʦʙʱʝʩʪʚ, ʧʨʦʷʚʣʷʶʱʠʭ ʜʝʛʨʘʜʘʪʠʚʥʫʶ ʘʢʪʠʚʥʦʩʪʴ 

ʢ Delor 103/ʊʍɹ ʠʣʠ ʢ ʢʦʤʤʝʨʯʝʩʢʠʤ ʩʤʝʩʷʤ ʇʍɹ ʩ ʙʣʠʟʢʠʤ ʢʦʥʛʝʥʝʨʥʳʤ 

ʩʦʩʪʘʚʦʤ (ʇʨʠʣʦʞʝʥʠʝ 1). ɹʘʢʪʝʨʠʘʣʴʥʳʝ ʩʦʦʙʱʝʩʪʚʘ, ʠʟʦʣʠʨʦʚʘʥʥʳʝ 

ʠʟ ʧʦʯʚ ʅʦʨʚʝʛʠʠ ʠ ʖʞʥʦʡ ʂʦʨʝʠ ʨʘʟʣʘʛʘʶʪ Aroclor 1242 (ʘʥʘʣʦʛ 

Delor 103/ʊʍɹ) ʥʘ 50% (ʥʘʯʘʣʴʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ 1 ʤʛ/ʣ) ʠ 36ï71% (ʥʘʯʘʣʴʥʘʷ 

ʢʦʥʮʝʥʪʨʘʮʠʷ 42 ʤʛ/ʣ) ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʚʳʜʝʣʝʥʥʳʝ ʠʟ ʧʦʯʚ ʉʣʦʚʘʢʠʠ ʠ 
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ʏʝʭʠʠ ʨʘʟʣʘʛʘʶʪ Delor 103 ʚ ʢʦʥʮʝʥʪʨʘʮʠʠ 23 ʤʛ/ʢʛ ʥʘ 73ï85% ʠ 50ï68% 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (Bokvajov§ et al., 1994, Kwon et al., 2008; Papale et al., 2017; 

Horv§thov§ et al., 2018). 

 

ʊʘʙʣʠʮʘ 21 ï ʈʘʟʣʦʞʝʥʠʝ ʩʤʝʩʠ Delor 103/ʊʍɹ* ʙʘʢʪʝʨʠʘʣʴʥʳʤʠ 

ʘʩʩʦʮʠʘʮʠʷʤʠ  

ɸʩʩʦʮʠʘʮʠʷ ɺʨʝʤʷ 

ʩʫʪ 

ʂʦʥʮʝʥʪʨʘʮʠʷ 

ʩʤʝʩʠ ʇʍɹ, % 

ʄʝʪʘʙʦʣʠʪʳ 

ɻʆʌɼʂ, ʦ.ʝ. ʍɹʂ, ʛ/ʣ ʅʆ-ɹʂ, ʛ/ʣ 

Ch2 

 

1 0.11 6.45 (60Ñ1) Ĭ10-6 (150Ñ21) Ĭ10-6 

4 0.09 4.91 (50Ñ2) Ĭ10-6 (50Ñ1) Ĭ10-6 

8 0.02 4.12 (20Ñ1) Ĭ10-6 (20Ñ1) Ĭ10-6 

Ch6 1 0.22 1.97 (290Ñ12) Ĭ10-6 (990Ñ23) Ĭ10-6 

4 0.12 1.29 (80Ñ2) Ĭ10-6 (470Ñ31) Ĭ10-6 

8 0.02 0.86 (40Ñ1) Ĭ10-6 (70Ñ2) Ĭ10-6 

R24 

 

0 100 0 0 ʥ.ʦ.**  

4 0.45 3.387 (6.4Ñ1) Ĭ10-3 ʥ.ʦ. 

8 0.29 4.129 (10.9Ñ3) Ĭ10-3 ʥ.ʦ. 

R63 0 100 0 0 ʥ.ʦ. 

4 0.91 1.615 (7.8Ñ2) Ĭ10-3 ʥ.ʦ. 

8 0.62 2.124 (10.6Ñ2) Ĭ10-3 ʥ.ʦ. 

*  ʂʦʥʮʝʥʪʨʘʮʠʷ ʩʤʝʩʠ Delor 103/ʊʍɹ ï 13.8 ʤʛ/ʣ, **ʥ.ʦ. ï ʥʝ ʦʧʨʝʜʝʣʷʣʠ  

 

ɺ ʪʘʙʣʠʮʝ 22 ʧʦʢʘʟʘʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʟʣʦʞʝʥʠʷ ʢʦʤʤʝʨʯʝʩʢʦʡ ʩʤʝʩʠ 

ʇʍɹ ʤʘʨʢʠ ʉʦʚʦʣ ʙʘʢʪʝʨʠʘʣʴʥʳʤʠ ʘʩʩʦʮʠʘʮʠʷʤʠ Ch2, Ch6, R24 ʠ R63. 

ʉʦʚʦʣ ʧʦ ʢʦʥʛʝʥʝʨʥʦʤʫ ʩʦʩʪʘʚʫ ʦʪʣʠʯʘʝʪʩʷ ʦʪ Delor 103/ʊʍɹ. ɺ ʥʝʤ 

ʦʩʥʦʚʥʘʷ ʜʦʣʷ ʧʨʠʭʦʜʠʪʩʷ ʥʘ (ʪʝʪʨʘ-ʛʝʢʩʘ)-ʟʘʤʝʱʝʥʥʳʝ ʢʦʥʛʝʥʝʨʳ 

(ʇʨʠʣʦʞʝʥʠʝ 1, ʪʘʙʣʠʮʘ 34). 
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ʊʘʙʣʠʮʘ 22 ï ʈʘʟʣʦʞʝʥʠʝ ʢʦʤʤʝʨʯʝʩʢʦʡ ʩʤʝʩʠ ʇʍɹ ʤʘʨʢʠ ʉʦʚʦʣ* 

ʙʘʢʪʝʨʠʘʣʴʥʳʤʠ ʘʩʩʦʮʠʘʮʠʷʤʠ 

ɸʩʩʦʮʠʘʮʠʷ ɺʨʝʤʷ 

ʩʫʪ 

ʂʦʥʮʝʥʪʨʘʮʠʷ 

ʩʤʝʩʠ ʇʍɹ, % 

ʄʝʪʘʙʦʣʠʪʳ 

ɻʆʌɼʂ, ʦ.ʝ. ʍɹʂ, ʛ/ʣ ʅʆ-ɹʂ, ʛ/ʣ 

Ch2 4 0.1 0.470 (3.0Ñ0.2) Ĭ10-6 (4.0Ñ0.1) Ĭ10-6 

8 0.04 0.531 (2.0Ñ0.1) Ĭ10-6 (2.0Ñ0.1) Ĭ10-6 

Ch6 4 0.1 0.322 (6.0Ñ0.2) Ĭ10-6 (4.0Ñ0.1) Ĭ10-6 

8 0.03 0.141 (4.0Ñ0.1) Ĭ10-6 (2.0Ñ0.2) Ĭ10-6 

R24 4 0.39 0.475 (18Ñ1) Ĭ10-3 ʥ.ʦ. 

8 0.18 0.531 (28Ñ2) Ĭ10-3 ʥ.ʦ. 

R63 4 0.36 0.313 (28Ñ1) Ĭ10-3 ʥ.ʦ. 

8 0.33 0.534 (27Ñ1) Ĭ10-3 ʥ.ʦ. 

*  ʂʦʥʮʝʥʪʨʘʮʠʷ ʩʤʝʩʠ ʉʦʚʦʣ 55 ʤʛ/ʣ 

 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚʩʝ ʘʩʩʦʮʠʘʮʠʠ ʦʩʫʱʝʩʪʚʣʷʶʪ ʨʘʟʣʦʞʝʥʠʝ ʉʦʚʦʣʘ. 

ʋʨʦʚʝʥʴ ʜʝʩʪʨʫʢʮʠʠ ʟʘ 8 ʩʫʪ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ʩʦʩʪʘʚʠʣ 99.67ï99.97%. 

ʇʦʣʫʯʝʥʥʳʡ ʨʝʟʫʣʴʪʘʪ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʚʳʩʦʢʦʡ ʜʝʛʨʘʜʘʪʠʚʥʦʡ ʘʢʪʠʚʥʦʩʪʠ 

ʜʘʥʥʳʭ ʙʘʢʪʝʨʠʘʣʴʥʳʭ ʘʩʩʦʮʠʘʮʠʡ ʥʝ ʪʦʣʴʢʦ ʢ ʢʦʤʤʝʨʯʝʩʢʠʤ ʩʤʝʩʷʤ ʢʣʘʩʩʘ 

Delor 103/ʊʍɹ, ʥʦ ʠ ʢ ʩʤʝʩʷʤ ʩ ʙʦʣʝʝ ʚʳʩʦʢʦʭʣʦʨʠʨʦʚʘʥʥʳʤʠ ʢʦʥʛʝʥʝʨʘʤʠ. 

ʉʨʘʚʥʝʥʠʝ ʩʢʦʨʦʩʪʠ ʜʝʩʪʨʫʢʮʠʠ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʉʦʚʦʣ ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ 

ʪʨʫʜʥʦʜʦʩʪʫʧʥʳʤ ʩʫʙʩʪʨʘʪʦʤ ʜʣʷ ʠʩʩʣʝʜʫʝʤʳʭ ʙʘʢʪʝʨʠʘʣʴʥʳʭ ʘʩʩʦʮʠʘʮʠʡ, 

ʯʝʤ Delor 103/ʊʍɹ. ɹʘʢʪʝʨʠʘʣʴʥʳʝ ʰʪʘʤʤʳ, ʚʳʜʝʣʝʥʥʳʝ ʠʟ ʇʍɹ-

ʟʘʛʨʷʟʥʝʥʥʳʭ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʍʦʨʚʘʪʠʠ, ʨʘʟʣʘʛʘʶʪ 50ï

61% Aroclor 1248 (50 ʤʛ/ʣ) (Kolar et al., 2007).  

ɸʥʘʣʠʟ ʤʝʪʘʙʦʣʠʪʦʚ ʧʦʟʚʦʣʷʝʪ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ, ʢʘʢ ʠ ʚ ʩʣʫʯʘʝ 

ʨʘʟʣʦʞʝʥʠʷ ʢʦʥʛʝʥʝʨʦʚ Delor 103/ʊʍɹ, ʢʦʥʛʝʥʝʨʳ ʇʍɹ, ʚʭʦʜʷʱʠʝ ʚ ʩʦʩʪʘʚ 

ʉʦʚʦʣʘ, ʨʘʟʣʘʛʘʶʪʩʷ ʬʝʨʤʝʥʪʘʤʠ çʚʝʨʭʥʝʛʦè ʙʠʬʝʥʠʣʴʥʦʛʦ ʧʫʪʠ. 

ʂʦʥʮʝʥʪʨʘʮʠʷ ɻʆʌɼʂ ʚ ʩʨʝʜʝ ʥʠʞʝ, ʯʝʤ ʧʨʠ ʨʘʟʣʦʞʝʥʠʠ Delor 103/ʊʍɹ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ɻʆʌɼʂ, ʦʙʨʘʟʫʶʱʠʝʩʷ ʧʨʠ ʨʘʟʣʦʞʝʥʠʠ ʢʦʥʛʝʥʝʨʦʚ 

ʉʦʚʦʣʘ, ʩʦʜʝʨʞʘʪ ʙʦʣʴʰʝʝ ʯʠʩʣʦ ʘʪʦʤʦʚ ʭʣʦʨʘ ʚ ʤʦʣʝʢʫʣʝ, ɻʆʌɼʂ-

ʛʠʜʨʦʣʘʟʳ ʧʨʦʷʚʣʷʶʪ ʢ ʥʠʤ ʚʳʩʦʢʫʶ ʘʢʪʠʚʥʦʩʪʴ. ʂʦʥʮʝʥʪʨʘʮʠʷ 
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ʭʣʦʨʙʝʥʟʦʡʥʳʭ ʢʠʩʣʦʪ ʥʠʞʝ, ʯʝʤ ʤʦʞʥʦ ʙʳʣʦ ʧʨʝʜʧʦʣʘʛʘʪʴ ʠʩʭʦʜʷ ʠʟ 

ʢʦʣʠʯʝʩʪʚʘ ʦʢʠʩʣʝʥʥʳʭ ʇʍɹ. ʂʨʦʤʝ ʪʦʛʦ, ʩʨʝʜʠ ʤʝʪʘʙʦʣʠʪʦʚ, ʦʙʨʘʟʫʶʱʠʭʩʷ 

ʧʨʠ ʨʘʟʣʦʞʝʥʠʠ ʢʦʥʛʝʥʝʨʦʚ ʉʦʚʦʣʘ ʙʘʢʪʝʨʠʘʣʴʥʳʤʠ ʘʩʩʦʮʠʘʮʠʷʤʠ Ch2 ʠ 

Ch6, ʟʘʬʠʢʩʠʨʦʚʘʥʦ ʧʨʠʩʫʪʩʪʚʠʝ ʦʩʥʦʚʥʳʭ ʤʝʪʘʙʦʣʠʪʦʚ ʙʘʢʪʝʨʠʘʣʴʥʦʡ 

ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʍɹʂ ï ʛʠʜʨʦʢʩʠʙʝʥʟʦʡʥʳʭ ʢʠʩʣʦʪ. ʄʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, 

ʯʪʦ ʘʩʩʦʮʠʘʮʠʠ Ch2, Ch6, R24 ʠ R63 ʦʩʫʱʝʩʪʚʣʷʶʪ ʨʘʟʣʦʞʝʥʠʝ ʉʦʚʦʣʘ ʥʝ 

ʪʦʣʴʢʦ ʜʦ ʩʪʘʜʠʠ ʦʙʨʘʟʦʚʘʥʠʷ ʍɹʂ, ʥʦ ʠ ʜʘʣʝʝ, ʜʦ ʩʦʝʜʠʥʝʥʠʡ ʦʩʥʦʚʥʦʛʦ 

ʦʙʤʝʥʘ ʢʣʝʪʢʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʟ ʧʨʠʨʦʜʥʳʭ ʦʙʲʝʢʪʦʚ (ʧʦʯʚ), ʜʣʠʪʝʣʴʥʦʝ ʚʨʝʤʷ 

ʟʘʛʨʷʟʥʸʥʥʳʭ ʇʍɹ, ʚʳʜʝʣʝʥʳ ʙʘʢʪʝʨʠʘʣʴʥʳʝ ʘʩʩʦʮʠʘʮʠʠ, ʘʢʪʠʚʥʦ 

ʪʨʘʥʩʬʦʨʤʠʨʫʶʱʠʝ ʢʦʤʤʝʨʯʝʩʢʠʝ ʩʤʝʩʠ ʇʍɹ, ʯʪʦ, ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʥʠʟʢʠʤ 

ʩʦʜʝʨʞʘʥʠʝʤ ʤʝʪʘʙʦʣʠʪʦʚ ʚ ʩʨʝʜʝ, ʜʝʣʘʝʪ ʠʭ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʜʣʷ 

ʧʨʠʤʝʥʝʥʠʷ ʚ ʙʠʦʪʝʭʥʦʣʦʛʠʷʭ ʨʝʤʝʜʠʘʮʠʠ ʇʍɹ-ʟʘʛʨʷʟʥʝʥʥʳʭ ʪʝʨʨʠʪʦʨʠʡ. 

 

5.3. ʊʨʘʥʩʬʦʨʤʘʮʠʷ ʩʤʝʩʠ ʛʠʜʨʦʢʩʠ- ʠ ʤʝʪʦʢʩʠ-ʧʦʣʠʭʣʦʨʠʨʦʚʘʥʥʳʭ 

ʙʠʬʝʥʠʣʦʚ ʰʪʘʤʤʦʤ Rhodococcus wratislaviensis KT 112-7 

ʅʝʩʤʦʪʨʷ ʥʘ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ ʠ ʪʦʢʩʠʯʥʦʩʪʴ, ʇʍɹ ʤʦʛʫʪ 

ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʪʴʩʷ ʚ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ ʜʦ ʛʠʜʨʦʢʩʠ-ʧʨʦʠʟʚʦʜʥʳʭ 

(ʅʆ-ʇʍɹ). ʀʟʚʝʩʪʥʦ, ʯʪʦ ʛʠʜʨʦʢʩʠʣʠʨʦʚʘʥʠʝ ʤʦʞʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʢʘʢ ʧʦʜ 

ʜʝʡʩʪʚʠʝʤ ʘʙʠʦʪʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ, ʪʘʢ ʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʬʝʨʤʝʥʪʘʪʠʚʥʳʭ 

ʧʨʦʮʝʩʩʦʚ ʚ ʞʠʚʳʭ ʦʨʛʘʥʠʟʤʘʭ (Bedard, 2003; Kasai et al., 2003; Camara et al., 

2004; Buckman et al., 2006; Rezek et al., 2007; Passatore et al., 2014; Tehrani, 

Van Aken, 2014; Sun et al., 2018; Li et al., 2019). ʉʨʘʚʥʠʪʝʣʴʥʦ ʥʝʜʘʚʥʦ 

ʚ ʨʝʟʫʣʴʪʘʪʝ ʘʥʘʣʠʟʘ ʦʩʘʜʢʦʚ ʩʪʦʯʥʳʭ ʚʦʜ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʂʅʈ ʥʘʨʷʜʫ 

ʩ ʅʆ-ʇʍɹ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʤʝʪʦʢʩʠʧʨʦʠʟʚʦʜʥʳʝ ʇʍɹ (ʄʝ-ʇʍɹ) (Sun et al., 

2016). ʂʨʦʤʝ ʪʦʛʦ, ʠʟʤʝʥʝʥʠʝ ʩʪʨʫʢʪʫʨʳ ʇʍɹ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʥʝʜʨʝʥʠʷ ʥʦʚʳʭ 

ʟʘʤʝʩʪʠʪʝʣʝʡ ʤʦʞʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʚ ʨʝʟʫʣʴʪʘʪʝ ʭʠʤʠʯʝʩʢʦʛʦ ʩʠʥʪʝʟʘ, 

ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʥʘ ʩʥʠʞʝʥʠʝ ʫʩʪʦʡʯʠʚʦʩʪʠ ʤʦʣʝʢʫʣʳ ʇʍɹ ʢ ʚʥʝʰʥʠʤ 

ʚʦʟʜʝʡʩʪʚʠʷʤ. ɺ ʥʘʩʪʦʷʱʝʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʠʟʫʯʝʥʳ ʚʦʧʨʦʩʳ ʙʘʢʪʝʨʠʘʣʴʥʦʡ 

ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʇʍɹ. 
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5.3.1. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʙʘʢʪʝʨʠʘʣʴʥʦʡ ʜʝʩʪʨʫʢʮʠʠ ʨʘʟʣʠʯʥʳʭ 

ʢʦʥʮʝʥʪʨʘʮʠʡ ʩʤʝʩʠ GM 

ɺʧʝʨʚʳʝ ʧʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʙʘʢʪʝʨʠʘʣʴʥʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʩʤʝʩʠ, 

ʩʦʜʝʨʞʘʱʝʡ ʚ ʩʚʦʝʤ ʩʦʩʪʘʚʝ ʛʠʜʨʦʢʩʠʣʠʨʦʚʘʥʥʳʝ ʠ ʤʝʪʦʢʩʠʣʠʨʦʚʘʥʥʳʝ 

ʧʨʦʠʟʚʦʜʥʳʝ ʇʍɹ. ʉʤʝʩʴ ʛʠʜʨʦʢʩʠ- ʠ ʤʝʪʦʢʩʠ-ʧʨʦʠʟʚʦʜʥʳʭ ʙʳʣʘ 

ʩʠʥʪʝʟʠʨʦʚʘʥʘ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʪʘʢ ʢʘʢ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʦʙʨʘʟʦʚʘʥʠʝ 

ʛʠʜʨʦʢʩʠʣʠʨʦʚʘʥʥʳʭ ʠ ʤʝʪʦʢʩʠʣʠʨʦʚʘʥʥʳʭ ʇʍɹ ʚʦʟʤʦʞʥʦ ʚ ʝʩʪʝʩʪʚʝʥʥʳʭ 

ʫʩʣʦʚʠʷʭ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʘ ʜʘʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʦʪʥʦʩʷʪʩʷ ʢ ʚʪʦʨʠʯʥʳʤ 

ʧʦʣʣʶʪʘʥʪʘʤʠ (Sun et al., 2016, 2018, Bhalla et al., 2016). 

ʉʤʝʩʴ GM ʧʦʣʫʯʝʥʘ ʚ ʨʝʟʫʣʴʪʘʪʝ ʭʠʤʠʯʝʩʢʦʡ ʤʦʜʠʬʠʢʘʮʠʠ 

ʢʦʤʤʝʨʯʝʩʢʦʡ ʩʤʝʩʠ ʇʍɹ ʤʘʨʢʠ ʉʦʚʦʣ (ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ MeONa ʚ ʩʨʝʜʝ 

MeOH ʠ ɼʄʉʆ) (ɹʦʷʨʩʢʠʡ ʠ ʜʨ., 2007; ʇʣʦʪʥʠʢʦʚʘ ʠ ʜʨ., 2017). ɺ ʨʝʟʫʣʴʪʘʪʝ 

100%-ʥʦʡ ʢʦʥʚʝʨʩʠʠ ʉʦʚʦʣʘ, ʚ ʩʦʩʪʘʚʝ ʩʤʝʩʠ GM ʧʨʝʜʩʪʘʚʣʝʥʳ ʤʝʪʦʢʩʠ-

ʇʍɹ (ʄʝ-ʇʍɹ) ï 24.8%, ʛʠʜʨʦʢʩʠ-ʇʍɹ (ʅʆ-ʇʍɹ) ï 36.4%, 

ʤʝʪʦʢʩʠ(ʛʠʜʨʦʢʩʠ)-ʇʍɹ (ʄʝ,ʅʆ-ʇʍɹ) ï 38.8% (ʇʨʠʣʦʞʝʥʠʝ 4, ʨʠʩʫʥʦʢ 81, 

ʪʘʙʣʠʮʘ 39). 

ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʜʝʩʪʨʫʢʮʠʠ ʩʤʝʩʠ GM ʩʦʩʪʘʚʠʣʘ 73ï93 % ʧʨʠ ʠʩʭʦʜʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ 0.25ï

1.50 ʛ/ʣ (ʨʠʩʫʥʦʢ 46).  

 

ʈʠʩʫʥʦʢ 46 ï ɼʠʥʘʤʠʢʘ ʫʙʳʣʠ ʩʤʝʩʠ GM ʚ ʨʝʟʫʣʴʪʘʪʝ ʜʝʩʪʨʫʢʮʠʠ 

ʰʪʘʤʤʦʤ Rhodococcus wratislaviensis KT 112-7: 1 ï 0.10 ʛ/ʣ, 2 ï 0.25 ʛ/ʣ, 3 ï 

0.50 ʛ/ʣ, 4 ï 1.00 ʛ/ʣ, 5 ï 1.50 ʛ/ʣ  



204 
 

ʅʘʠʙʦʣʝʝ ʦʧʪʠʤʘʣʴʥʳʤ ʠ ʩʪʘʙʠʣʴʥʳʤ ʷʚʣʷʝʪʩʷ ʧʨʦʮʝʩʩ ʙʘʢʪʝʨʠʘʣʴʥʦʡ 

ʜʝʩʪʨʫʢʮʠʠ ʩʤʝʩʠ GM, ʠʩʩʣʝʜʦʚʘʥʥʦʡ ʚ ʢʦʥʮʝʥʪʨʘʮʠʠ 0.10 ʛ/ʣ. ɼʠʥʘʤʠʢʘ 

ʜʝʩʪʨʫʢʮʠʠ ʥʦʩʠʣʘ ʣʠʥʝʡʥʳʡ ʭʘʨʘʢʪʝʨ, ʘ ʥʘ 10 ʩʫʪ ʧʠʢʦʚ ʧʨʦʜʫʢʪʦʚ 

ʥʘ ʭʨʦʤʘʪʦʛʨʘʤʤʝ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʦ (ʨʠʩʫʥʦʢ 47).  

ʇʦʚʳʰʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠʩʩʣʝʜʫʝʤʦʡ ʩʤʝʩʠ GM ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, 

ʯʪʦ ʧʨʦʬʠʣʴ ʢʨʠʚʦʡ ʫʙʳʣʠ ʩʦʝʜʠʥʝʥʠʡ, ʚʭʦʜʷʱʠʭ ʚ ʩʦʩʪʘʚ ʩʤʝʩʠ, ʩʪʘʥʦʚʠʪʩʷ 

ʚʦʛʥʫʪʳʤ ʠ ʧʨʠʙʣʠʞʘʝʪʩʷ ʢ ʢʣʘʩʩʠʯʝʩʢʦʡ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʡ ʢʨʠʚʦʡ 

(ʨʠʩʫʥʦʢ 46), ʭʘʨʘʢʪʝʨʥʦʡ ʜʣʷ ʧʨʦʮʝʩʩʘ ʙʘʢʪʝʨʠʘʣʴʥʦʡ ʜʝʩʪʨʫʢʮʠʠ 

ʪʨʫʜʥʦʜʦʩʪʫʧʥʳʭ ʩʫʙʩʪʨʘʪʦʚ (Saavedra et al., 2010). 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩʢʦʨʦʩʪʴ ʜʝʩʪʨʫʢʮʠʠ ʩʤʝʩʠ GM ʰʪʘʤʤʦʤ 

R. wratislaviensis KT112-7 ʥʘʭʦʜʠʪʩʷ ʚ ʧʨʷʤʦʡ ʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʠʩʭʦʜʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʤʝʩʠ (ʚ ʧʨʝʜʝʣʘʭ ʠʩʩʣʝʜʦʚʘʥʥʦʛʦ ʜʠʘʧʘʟʦʥʘ) 

ʠ ʩʦʩʪʘʚʣʷʝʪ 11.4 ʤʛĿʣĿʩʫʪ-1, 23.3 ʤʛĿʣĿʩʫʪ-1, 36.5 ʤʛĿʣĿʩʫʪ-1, 81.4 ʤʛĿʣĿʩʫʪ-1 

ʠ 131.3 ʤʛĿʣĿʩʫʪ-1 ʧʨʠ ʠʩʭʦʜʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ 0.10 ʛ/ʣ, 0.25 ʛ/ʣ, 0.50 ʛ/ʣ, 

1.00 ʛ/ʣ ʠ 1.50 ʛ/ʣ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʂʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʮʠʠ ʩʦʩʪʘʚʠʣ 0.99.  

 

 

ʈʠʩʫʥʦʢ 47 ï ʍʨʦʤʘʪʦʛʨʘʤʤʳ ʛʝʢʩʘʥʦʚʳʭ ʵʢʩʪʨʘʢʪʦʚ ʩʤʝʩʠ GM ʩ 

ʢʦʥʮʝʥʪʨʘʮʠʝʡ 0.10 ʛ/ʣ ʧʦʩʣʝ 0 (1), 2 (2), 7 (3) ʠ 10 (4) ʩʫʪʦʢ 

ʙʘʢʪʝʨʠʘʣʴʥʦʡ ʜʝʩʪʨʫʢʮʠʠ 
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ʄʝʪʦʜʦʤ ɺʕɾʍ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʦʬʠʣʴ ʭʨʦʤʘʪʦʛʨʘʤʤʳ 

ʢʫʣʴʪʫʨʘʣʴʥʦʡ ʩʨʝʜʳ, ʩʦʜʝʨʞʘʱʝʡ ʩʤʝʩʴ GM, ʠʟʤʝʥʷʝʪʩʷ ʚ ʧʨʦʮʝʩʩʝ 

ʙʘʢʪʝʨʠʘʣʴʥʦʡ ʜʝʩʪʨʫʢʮʠʠ ʥʝ ʨʘʚʥʦʤʝʨʥʦ (ʨʠʩʫʥʦʢ 48). 

 

 

ʈʠʩʫʥʦʢ 48 ï ʍʨʦʤʘʪʦʛʨʘʤʤʳ ʢʫʣʴʪʫʨʘʣʴʥʦʡ ʩʨʝʜʳ ʰʪʘʤʤʘ 

R. wratislaviensis KT 112-7, ʩʦʜʝʨʞʘʱʝʡ ʩʤʝʩʴ GM ʩ ʥʘʯʘʣʴʥʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʝʡ 0.1 ʛ/ʣ ʧʦʩʣʝ 0 (1), 2 (2), 7 (3) ʠ 10 (4) ʩʫʪʦʢ ʙʘʢʪʝʨʠʘʣʴʥʦʡ 

ʜʝʩʪʨʫʢʮʠʠ 

ɺʝʨʦʷʪʥʦ, ʯʪʦ ʚ ʧʨʦʮʝʩʩʝ ʙʠʦʨʘʟʣʦʞʝʥʠʷ ʧʨʦʠʩʭʦʜʠʪ ʦʙʨʘʟʦʚʘʥʠʝ 

ʟʘʤʝʱʝʥʥʳʭ ʢʘʪʝʭʦʣʦʚ, ʘ ʪʘʢʞʝ ʛʠʜʨʦʢʩʠʙʝʥʟʦʡʥʳʭ ʢʠʩʣʦʪ, ʦ ʯʝʤ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʫʚʝʣʠʯʝʥʠʝ ʠʣʠ ʧʦʷʚʣʝʥʠʝ ʥʘ ʭʨʦʤʘʪʦʛʨʘʤʤʝ ʧʠʢʦʚ ʚʝʱʝʩʪʚ 

ʩʦ ʚʨʝʤʝʥʝʤ ʫʜʝʨʞʠʚʘʥʠʷ ʚ ʜʠʘʧʘʟʦʥʝ 2.0ï4.8 ʤʠʥ (ʨʠʩʫʥʦʢ 49). ɼʘʥʥʳʝ 

ʩʦʝʜʠʥʝʥʠʷ ʷʚʣʷʶʪʩʷ ʧʨʦʤʝʞʫʪʦʯʥʳʤʠ ʧʨʠ ʙʘʢʪʝʨʠʘʣʴʥʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ 

ʟʘʤʝʱʝʥʥʳʭ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ (ɽʛʦʨʦʚʘ ʠ ʜʨ., 2013; Tehrani, Van Aken, 

2014), ʘ ʠʭ ʥʘʣʠʯʠʝ ʧʦʜʪʚʝʨʞʜʘʝʪ ʛʣʫʙʦʢʫʶ ʪʨʘʥʩʬʦʨʤʘʮʠʶ ʩʤʝʩʠ GM ʩ 

ʧʦʩʣʝʜʫʶʱʝʡ ʧʦʣʥʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʝʡ. ɸʥʘʣʠʟ ʭʨʦʤʘʪʦʛʨʘʤʤ ʧʦʢʘʟʳʚʘʝʪ, 

ʯʪʦ ʥʘ 10 ʩʫʪ ʢʦʥʮʝʥʪʨʘʮʠʷ ʟʘʤʝʱʝʥʥʳʭ ʢʘʪʝʭʦʣʦʚ ʩʥʠʞʘʝʪʩʷ, ʘ ʧʠʢʠ 

ʩʦʝʜʠʥʝʥʠʡ, ʵʣʶʠʨʫʶʱʠʭʩʷ ʩ ʢʦʣʦʥʢʠ ʧʦʩʣʝ 5 ʤʠʥ ʠ ʦʪʥʦʩʷʱʠʭʩʷ ʢ 

ʠʩʭʦʜʥʦʡ ʩʤʝʩʠ GM, ʦʪʩʫʪʩʪʚʫʶʪ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʙʦʣʝʝ ʚʳʩʦʢʠʭ 

ʠʩʭʦʜʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʩʤʝʩʠ GM ʚ ʢʫʣʴʪʫʨʘʣʴʥʦʡ ʩʨʝʜʝ ʪʘʢʞʝ 

ʬʠʢʩʠʨʫʝʪʩʷ ʧʦʷʚʣʝʥʠʝ ʠ ʥʘʢʦʧʣʝʥʠʝ ʟʘʤʝʱʝʥʥʳʭ ʢʘʪʝʭʦʣʦʚ ʠ 

ʛʠʜʨʦʢʩʠʟʘʤʝʱʝʥʥʳʭ ʙʝʥʟʦʡʥʳʭ ʢʠʩʣʦʪ ʚ ʥʘʯʘʣʴʥʳʡ ʧʝʨʠʦʜ 

ʙʠʦʪʨʘʥʩʬʦʨʤʘʮʠʠ ʩʤʝʩʠ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʠʭ ʨʘʟʣʦʞʝʥʠʝʤ. ʇʦʣʫʯʝʥʥʳʝ 
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ʨʝʟʫʣʴʪʘʪʳ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ ʙʠʦʜʝʩʪʨʫʢʮʠʷ ʩʤʝʩʠ GM, 

ʩʦʜʝʨʞʘʱʝʡ ʛʠʜʨʦʢʩʠ- ʠ ʤʝʪʦʢʩʠ-ʟʘʤʝʱʝʥʥʳʝ ʇʍɹ, ʩ ʫʯʘʩʪʠʝʤ ʰʪʘʤʤʘ 

R. wratislaviensis ʂʊ112-7 ʥʝ ʧʨʠʚʦʜʠʪ ʢ ʥʘʢʦʧʣʝʥʠʶ ʪʦʢʩʠʯʥʳʭ ʜʣʷ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʩʦʝʜʠʥʝʥʠʡ. 

 

5.3.2. ɼʝʩʪʨʫʢʮʠʷ ʩʤʝʩʠ GM ʠʤʤʦʙʠʣʠʟʦʚʘʥʥʳʤʠ ʠ ʧʣʘʥʢʪʦʥʥʳʤʠ 

ʢʣʝʪʢʘʤʠ ʰʪʘʤʤʘ R. wratislaviensis KT 112-7 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʧʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʙʘʢʪʝʨʠʘʣʴʥʦʡ 

ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʭʠʤʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʤʦʞʝʪ ʙʳʪʴ ʜʦʩʪʠʛʥʫʪʦ ʧʫʪʝʤ 

ʠʤʤʦʙʠʣʠʟʘʮʠʠ ʢʣʝʪʦʢ ʙʘʢʪʝʨʠʘʣʴʥʳʭ ʰʪʘʤʤʦʚ ʥʘ ʠʥʝʨʪʥʦʤ ʥʦʩʠʪʝʣʝ 

(Alvares et al., 2017; Sharma et al., 2018).  

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩʦʨʙʮʠʦʥʥʘʷ ʝʤʢʦʩʪʴ ʘʢʪʠʚʠʨʦʚʘʥʥʦʛʦ ʫʛʣʷ ɹɸʋ-ɸ 

ʚ ʦʪʥʦʰʝʥʠʠ ʢʣʝʪʦʢ ʰʪʘʤʤʘ R. wratislaviensis KT112-7 ʩʦʩʪʘʚʣʷʝʪ 

6.04 Ñ 0.01 ʤʛ ʢʣʝʪʦʢ/ʛ ɹɸʋ-ɸ, ʘ ʩʦʨʙʮʠʦʥʥʘʷ ʝʤʢʦʩʪʴ ʘʢʪʠʚʠʨʦʚʘʥʥʦʛʦ 

ʚʠʩʢʦʟʥʦʛʦ ʫʛʣʝʨʦʜʥʦʛʦ ʚʦʣʦʢʥʘ ʂʘʨʙʦʧʦʥ-ɺ-ʘʢʪʠʚ ï 6.26 Ñ 0.02 ʤʛ ʢʣʝʪʦʢ/ʛ 

ʂʘʨʙʦʧʦʥ-ɺ-ʘʢʪʠʚ.  

ɸʥʘʣʠʟ ʘʜʩʦʨʙʮʠʦʥʥʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ ʢʦʤʧʣʝʢʩʦʚ çʢʣʝʪʢʠ ʰʪʘʤʤʘ 

R. wratislaviensis KT112-7 ï ɹɸʋ-ɸè ʠ çʢʣʝʪʢʠ ʰʪʘʤʤʘ R. wratislaviensis 

KT112-7 ï ʂʘʨʙʦʧʦʥ-ɺ-ʘʢʪʠʚè ʧʦʢʘʟʘʣ, ʯʪʦ ʚ ʪʝʯʝʥʠʝ 96 ʯ ʥʝ ʧʨʦʠʩʭʦʜʠʪ 

ʚʳʤʳʚʘʥʠʷ ʢʣʝʪʦʢ ʚ ʤʠʥʝʨʘʣʴʥʫʶ ʩʨʝʜʫ. ɺʝʣʠʯʠʥʘ ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ 

ʤʠʥʝʨʘʣʴʥʦʡ ʩʨʝʜʳ ʥʝ ʠʟʤʝʥʷʣʘʩʴ ʠ ʩʦʩʪʘʚʠʣʘ ʆʇ600=0.0053 Ñ 0.0003 ʝʜ. 

ɺʝʨʦʷʪʥʦ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʛʠʜʨʦʬʦʙʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ 

ʫʛʣʝʨʦʜʥʳʭ ʥʦʩʠʪʝʣʝʡ ʠ ʢʣʝʪʦʢ ʰʪʘʤʤʘ ʂʊ112-7 ʧʨʦʠʩʭʦʜʠʪ ʘʜʛʝʟʠʷ, 

ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʵʬʬʝʢʪʠʚʥʦʤʫ ʫʜʝʨʞʘʥʠʶ ʙʘʢʪʝʨʠʘʣʴʥʳʭ ʢʣʝʪʦʢ 

ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʚ ʜʘʥʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʩʦʨʙʝʥʪʘʭ. ʗʚʣʝʥʠʝ ʧʨʦʯʥʦʛʦ 

ʫʜʝʨʞʘʥʠʷ ʢʣʝʪʦʢ ʙʘʢʪʝʨʠʡ ʥʘ ʫʛʣʝʨʦʜʥʳʭ ʥʦʩʠʪʝʣʷʭ ʦʧʠʩʘʥʦ ʜʣʷ ʰʪʘʤʤʦʚ 

R. ruber gt1 ʠ Pseudomonas fluorescens C2 (ʄʘʢʩʠʤʦʚʘ ʠ ʜʨ., 2010). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʙʘ ʫʛʣʝʨʦʜʥʳʭ ʩʦʨʙʝʥʪʘ (ɹɸʋ-ɸ ʠ ʂʘʨʙʦʧʦʥ-ɺ-ʘʢʪʠʚ) 

ʤʦʛʫʪ ʙʳʪʴ ʵʬʬʝʢʪʠʚʥʦ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʠʤʤʦʙʠʣʠʟʘʮʠʠ ʢʣʝʪʦʢ ʰʪʘʤʤʘ 

R. wratislaviensis KT112-7. 
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ʀʟʫʯʝʥʘ ʩʧʦʩʦʙʥʦʩʪʴ ʠʤʤʦʙʠʣʠʟʦʚʘʥʥʳʭ ʠ ʧʣʘʥʢʪʦʥʥʳʭ ʢʣʝʪʦʢ 

ʰʪʘʤʤʘ R. wratislaviensis KT112-7 ʨʘʟʣʘʛʘʪʴ ʩʤʝʩʴ GM ʚ ʢʦʥʮʝʥʪʨʘʮʠʠ 0.5 ʛ/ʣ 

(ʨʠʩʫʥʦʢ 49).  

 

ʈʠʩʫʥʦʢ 49 ï ɼʝʩʪʨʫʢʮʠʷ ʩʤʝʩʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʇʍɹ ʰʪʘʤʤʦʤ 

R. wratislaviensis KT112-7: 1 ï ʢʣʝʪʢʠ, ʠʤʤʦʙʠʣʠʟʦʚʘʥʥʳʝ ʥʘ ʂʘʨʙʦʧʦʥ-ɺ-

ʘʢʪʠʚ, 2 ï ʧʣʘʥʢʪʦʥʥʘʷ ʢʫʣʴʪʫʨʘ, 3 ï ʢʣʝʪʢʠ, ʠʤʤʦʙʠʣʠʟʦʚʘʥʥʳʝ ʥʘ ɹɸʋ-ɸ  

ɸʥʘʣʠʟ ʜʠʥʘʤʠʢʠ ʨʘʟʣʦʞʝʥʠʷ ʩʤʝʩʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʇʍɹ ʧʦʢʘʟʘʣ, 

ʯʪʦ ʧʨʠ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʩʫʙʩʪʨʘʪʘ ʧʣʘʥʢʪʦʥʥʦʡ ʢʫʣʴʪʫʨʦʡ ʢʣʝʪʦʢ ʥʘʠʙʦʣʝʝ 

ʘʢʪʠʚʥʦ ʧʨʦʮʝʩʩ ʧʨʦʪʝʢʘʝʪ ʚ ʧʝʨʚʳʝ ʩʫʪʢʠ (61% ʜʝʩʪʨʫʢʮʠʠ ʯʝʨʝʟ 24 ʯ) 

ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʚʳʭʦʜʦʤ ʥʘ çʧʣʘʪʦè (73.2% ʢ 96 ʯ) (ʨʠʩʫʥʦʢ 49). 

ɸʥʘʣʦʛʠʯʥʘʷ ʜʠʥʘʤʠʢʘ ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʚ ʩʣʫʯʘʝ ʠʤʤʦʙʠʣʠʟʘʮʠʠ ʢʣʝʪʦʢ 

ʰʪʘʤʤʘ ʂʊ112-7 ʥʘ ʂʘʨʙʦʧʦʥ-ɺ-ʘʢʪʠʚ. ʆʜʥʘʢʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʩʤʝʩʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʇʍɹ ʚʳʰʝ, ʠ ʜʦʩʪʠʛʘʝʪ 95.3% 

(ʨʠʩʫʥʦʢ 49).  

ʇʨʠ ʠʤʤʦʙʠʣʠʟʘʮʠʠ ʢʣʝʪʦʢ ʰʪʘʤʤʘ ʂʊ112-7 ʥʘ ʘʢʪʠʚʠʨʦʚʘʥʥʦʤ ʫʛʣʝ 

ɹɸʋ-ɸ ʦʙʱʘʷ ʜʝʩʪʨʫʢʮʠʷ ʯʝʨʝʟ 96 ʯ ʩʦʩʪʘʚʠʣʘ 59.5%, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʥʠʞʝ, 

ʯʝʤ ʧʨʠ ʧʨʠʤʝʥʝʥʠʠ ʚ ʢʘʯʝʩʪʚʝ ʩʦʨʙʝʥʪʘ ʫʛʣʝʨʦʜʥʦʛʦ ʚʦʣʦʢʥʘ ʂʘʨʙʦʧʦʥ-ɺ-

ʘʢʪʠʚ. ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʣʠʥʝʡʥʦʡ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʧʨʦʮʝʩʩʘ ʜʝʩʪʨʫʢʮʠʠ ʩʤʝʩʠ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʇʍɹ ʢʣʝʪʢʘʤʠ ʰʪʘʤʤʘ ʂʊ112-7, ʠʤʤʦʙʠʣʠʟʦʚʘʥʥʳʤʠ 
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ʥʘ ɹɸʋ-ɸ, ʩʦʩʪʘʚʠʣʘ 0.912, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʧʦʣʦʞʠʪʴ ʣʠʥʝʡʥʳʡ ʭʘʨʘʢʪʝʨ 

ʜʘʥʥʦʛʦ ʧʨʦʮʝʩʩʘ.  

ʂʦʥʪʨʦʣʴʥʳʝ ʚʘʨʠʘʥʪʳ, ʚ ʢʦʪʦʨʳʭ ʠʩʧʦʣʴʟʦʚʘʣʠ ʥʦʩʠʪʝʣʴ ʙʝʟ 

ʠʤʤʦʙʠʣʠʟʦʚʘʥʥʳʭ ʢʣʝʪʦʢ, ʥʝ ʦʪʣʠʯʘʣʠʩʴ ʧʦ ʢʦʣʠʯʝʩʪʚʝʥʥʳʤ ʧʦʢʘʟʘʪʝʣʷʤ 

ʠʟʤʝʥʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʤʝʩʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʇʍɹ ʚ ʩʨʝʜʝ ʦʪ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʩʦʨʙʮʠʦʥʥʦʡ ʝʤʢʦʩʪʠ ɹɸʋ-ɸ ʠ ʂʘʨʙʦʧʦʥ-ɺ-

ʘʢʪʠʚ ʢ ʠʩʩʣʝʜʫʝʤʦʡ ʩʤʝʩʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʇʍɹ. ʇʨʠ ʵʪʦʤ, ʩʦʨʙʮʠʦʥʥʘʷ 

ʝʤʢʦʩʪʴ ʫ ʘʢʪʠʚʠʨʦʚʘʥʥʦʛʦ ʫʛʣʷ ʢ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʤ ʇʍɹ ʙʳʣʘ ʚʳʰʝ, 

ʯʝʤ ʫ ʫʛʣʝʨʦʜʥʦʛʦ ʚʦʣʦʢʥʘ. ɼʘʥʥʳʡ ʬʘʢʪ, ʚʝʨʦʷʪʥʦ, ʦʢʘʟʘʣ ʚʣʠʷʥʠʝ 

ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʜʝʩʪʨʫʢʮʠʠ ʠʩʩʣʝʜʫʝʤʦʡ ʩʤʝʩʠ ʰʪʘʤʤʦʤ ʂʊ112-7, 

ʥʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʢʦʣʠʯʝʩʪʚʦ ʩʦʨʙʠʨʦʚʘʥʥʦʡ ʥʘ ʥʦʩʠʪʝʣʷʭ ʩʤʝʩʠ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʇʍɹ ʙʳʣʦ ʥʝʟʥʘʯʠʪʝʣʴʥʳʤ (ʥʝ ʧʨʝʚʳʰʘʣʦ 0.08% ʦʪ 

ʥʘʯʘʣʴʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʜʣʷ ɹɸʋ-ɸ ʠ 0.02% ʦʪ ʥʘʯʘʣʴʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʜʣʷ 

ʂʘʨʙʦʧʦʥ-ɺ-ʘʢʪʠʚ).  

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʚʥʝʩʝʥʠʝ ʚ ʩʨʝʜʫ ʘʢʪʠʚʠʨʦʚʘʥʥʦʛʦ ʫʛʣʷ ʧʨʠʚʦʜʠʪ 

ʢ ʫʤʝʥʴʰʝʥʠʶ ʫʨʦʚʥʷ ʪʦʢʩʠʯʥʦʩʪʠ ʠ ʙʠʦʘʢʢʫʤʫʣʷʮʠʠ ʇʍɹ ʜʣʷ ʨʷʜʘ 

ʦʨʛʘʥʠʟʤʦʚ (Weber, Mrozek, 1979; Wang et al., 2016). ʉʥʠʞʝʥʠʝ ʪʦʢʩʠʯʥʦʩʪʠ 

ʩʫʙʩʪʨʘʪʘ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʧʦʚʳʰʝʥʠʶ ʜʝʛʨʘʜʘʪʠʚʥʦʡ ʘʢʪʠʚʥʦʩʪʠ 

ʙʠʦʜʝʩʪʨʫʢʪʦʨʦʚ ʚ ʦʪʥʦʰʝʥʠʠ ʇʍɹ. ɺʝʨʦʷʪʥʦ, ʜʘʥʥʳʡ ʵʬʬʝʢʪ ʥʘʙʣʶʜʘʝʪʩʷ 

ʚ ʩʣʫʯʘʝ ʧʨʠʤʝʥʝʥʠʷ ʠʤʤʦʙʠʣʠʟʘʮʠʠ ʢʣʝʪʦʢ ʰʪʘʤʤʘ ʂʊ112-7 ʥʘ ʫʛʣʝʨʦʜʥʦʤ 

ʚʦʣʦʢʥʝ.  

ɺʥʝʩʝʥʠʝ ʚ ʇʍɹ-ʩʦʜʝʨʞʘʱʫʶ ʩʨʝʜʫ ʛʨʘʥʫʣʠʨʦʚʘʥʥʦʛʦ 

ʘʢʪʠʚʠʨʦʚʘʥʥʦʛʦ ʫʛʣʷ ʩ ʘʜʛʝʟʠʨʦʚʘʥʥʳʤʠ ʙʘʢʪʝʨʠʷʤʠ ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʝ 

ʥʘ ʧʨʦʮʝʩʩ ʘʜʩʦʨʙʮʠʠ ʦʪʜʝʣʴʥʳʭ ʢʦʥʛʝʥʝʨʦʚ ʇʍɹ, ʩʥʠʞʘʷ ʩʦʨʙʮʠʦʥʥʫʶ 

ʝʤʢʦʩʪʴ ʥʦʩʠʪʝʣʷ ʚ ʦʪʥʦʰʝʥʠʠ ʚʳʩʦʢʦʭʣʦʨʠʨʦʚʘʥʥʳʭ ʇʍɹ (Mercier et al., 

2013). ʄʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʧʦʜʦʙʥʳʡ ʵʬʬʝʢʪ ʥʘʙʣʶʜʘʝʪʩʷ ʠ ʚ ʩʣʫʯʘʝ 

ʧʨʠʤʝʥʝʥʠʷ ɹɸʋ-ɸ ʩ ʠʤʤʦʙʠʣʠʟʦʚʘʥʥʳʤʠ ʢʣʝʪʢʘʤʠ ʰʪʘʤʤʘ ʂʊ112-7 

ʚ ʦʪʥʦʰʝʥʠʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʇʍɹ. ʊʦʛʜʘ ʩʦʦʪʥʦʰʝʥʠʝ ʦʪʜʝʣʴʥʳʭ 

ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʩʤʝʩʠ ʚ ʩʚʦʙʦʜʥʦʤ ʩʦʩʪʦʷʥʠʠ ʠʟʤʝʥʷʝʪʩʷ ʪʘʢ, ʯʪʦ ʚ ʩʨʝʜʝ 

ʦʩʪʘʶʪʩʷ ʥʘʠʙʦʣʝʝ ʟʘʤʝʱʝʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʜʝʛʨʘʜʘʪʠʚʥʘʷ 
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ʘʢʪʠʚʥʦʩʪʴ ʙʘʢʪʝʨʠʘʣʴʥʳʭ ʰʪʘʤʤʦʚ ʩʥʠʞʘʝʪʩʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʩʪʝʧʝʥʠ 

ʭʣʦʨʠʨʦʚʘʥʠʷ ʙʠʬʝʥʠʣʘ (Pieper, 2005; Gioia et al., 2014). ʉʦʯʝʪʘʥʠʝ ʜʘʥʥʳʭ 

ʷʚʣʝʥʠʡ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʫʨʦʚʥʷ ʜʝʩʪʨʫʢʮʠʠ ʩʤʝʩʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ 

ʇʍɹ ʢʣʝʪʢʘʤʠ ʰʪʘʤʤʘ ʂʊ112-7, ʠʤʤʦʙʠʣʠʟʦʚʘʥʥʳʤʠ ʥʘ ɹɸʋ-ɸ.  

ɸʥʘʣʠʟ ʜʝʛʨʘʜʘʪʠʚʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʧʣʘʥʢʪʦʥʥʳʭ ʠ ʠʤʤʦʙʠʣʠʟʦʚʘʥʥʳʭ 

ʢʣʝʪʦʢ ʰʪʘʤʤʘ ʂʊ112-7 ʚ ʦʪʥʦʰʝʥʠʠ ʦʪʜʝʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʩʤʝʩʠ GM ʙʳʣ 

ʧʨʦʚʝʜʝʥ ʪʦʣʴʢʦ ʜʣʷ ʟʥʘʯʝʥʠʡ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʢʦʥʮʝ ʵʢʩʧʝʨʠʤʝʥʪʘ (96 ʯ 

ʠʥʢʫʙʘʮʠʠ) (ʪʘʙʣʠʮʘ 23). ʀʩʧʦʣʴʟʫʝʤʘʷ ʩʤʝʩʴ ʷʚʣʷʝʪʩʷ ʩʣʦʞʥʦʡ ʧʦ ʩʚʦʝʤʫ 

ʩʦʩʪʘʚʫ. ɺ ʥʝʡ ʧʨʝʜʩʪʘʚʣʝʥʦ 16 ʪʠʧʦʚ ʧʨʦʠʟʚʦʜʥʳʭ ʙʠʬʝʥʠʣʘ, ʦʪʣʠʯʘʶʱʠʭʩʷ 

ʟʘʤʝʩʪʠʪʝʣʷʤʠ ʚ ʤʦʣʝʢʫʣʝ (ʇʨʠʣʦʞʝʥʠʝ 4, ʪʘʙʣʠʮʘ 39), ʦʜʥʘʢʦ ʥʝʢʦʪʦʨʳʝ 

ʢʦʤʧʦʥʝʥʪʳ ʩʤʝʩʠ GM ʧʨʠ ʛʘʟʦʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʦʤ ʘʥʘʣʠʟʝ ʤʦʛʫʪ 

ʵʣʶʠʨʦʚʘʪʴʩʷ ʩ ʢʦʣʦʥʢʠ ʩ ʦʜʠʥʘʢʦʚʳʤ ʚʨʝʤʝʥʝʤ ʫʜʝʨʞʠʚʘʥʠʷ.  

ʇʨʦʚʝʜʝʥʥʳʡ ʘʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ ʠʤʤʦʙʠʣʠʟʦʚʘʥʥʳʝ ʠ ʧʣʘʥʢʪʦʥʥʳʝ 

ʢʣʝʪʢʠ ʰʪʘʤʤʘ R. wratislaviensis KT112-7 ʧʨʦʷʚʣʷʣʠ ʜʝʩʪʨʫʢʪʠʚʥʫʶ 

ʘʢʪʠʚʥʦʩʪʴ ʧʨʘʢʪʠʯʝʩʢʠ ʢʦ ʚʩʝʤ ʩʦʝʜʠʥʝʥʠʷʤ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʤ ʚ ʩʤʝʩʠ GM 

(ʪʘʙʣʠʮʘ 23). ɼʣʷ ʧʣʘʥʢʪʦʥʥʦʡ ʢʫʣʴʪʫʨʳ ʥʝ ʦʪʤʝʯʝʥʦ ʩʪʦʧʨʦʮʝʥʪʥʦʝ 

ʨʘʟʣʦʞʝʥʠʝ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʢʘʯʝʩʪʚʝ ʩʫʙʩʪʨʘʪʘ ʩʦʝʜʠʥʝʥʠʡ ʟʘ 96 ʯ 

ʵʢʩʧʝʨʠʤʝʥʪʘ. ʅʘʧʨʦʪʠʚ, ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʣʝʪʦʢ ʰʪʘʤʤʘ ʂʊ112-7, 

ʠʤʤʦʙʠʣʠʟʦʚʘʥʥʳʭ ʥʘ ʘʢʪʠʚʠʨʦʚʘʥʥʦʤ ʫʛʣʝ ɹɸʋ-ɸ, ʢ ʢʦʥʮʫ ʵʢʩʧʝʨʠʤʝʥʪʘ 

ʧʨʦʮʝʥʪ ʜʝʩʪʨʫʢʮʠʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʇʍɹ ʩʦʩʪʘʚʣʷʣ ʦʪ 12 ʜʦ 100%, 

ʧʨʠʯʝʤ ʧʦʣʥʦʤʫ ʨʘʟʣʦʞʝʥʠʶ ʧʦʜʚʝʨʛʣʠʩʴ ʛʠʜʨʦʢʩʠ- ʠ ʤʝʪʦʢʩʠʧʨʦʠʟʚʦʜʥʳʝ 

ʇʍɹ, ʩʦʜʝʨʞʘʱʠʝ 4-5 ʘʪʦʤʦʚ ʭʣʦʨʘ (ʪʘʙʣʠʮʘ 23, ʇʨʠʣʦʞʝʥʠʝ 4, ʪʘʙʣʠʮʘ 39). 

ʊʘʢʞʝ ʚ 1.5 ʨʘʟʘ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʚ ʠʩʭʦʜʥʦʡ ʩʤʝʩʠ, 

ʩʦʢʨʘʪʠʣʦʩʴ ʢʦʣʠʯʝʩʪʚʦ ʦʧʨʝʜʝʣʷʝʤʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʇʍɹ. 

ɸʥʘʣʠʟ ʩʦʩʪʘʚʘ ʩʤʝʩʠ GM ʧʦʩʣʝ ʜʝʩʪʨʫʢʮʠʠ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʢʣʝʪʦʢ 

ʰʪʘʤʤʘ ʂʊ112-7, ʠʤʤʦʙʠʣʠʟʦʚʘʥʥʳʭ ʥʘ ʫʛʣʝʨʦʜʥʦʤ ʚʦʣʦʢʥʝ ʂʘʨʙʦʧʦʥ-ɺ-

ʘʢʪʠʚ, ʧʦʢʘʟʘʣ, ʯʪʦ ʢʦʣʠʯʝʩʪʚʦ ʧʨʦʠʟʚʦʜʥʳʭ ʩʦʢʨʘʪʠʣʦʩʴ ʚ 3 ʨʘʟʘ ʠ 

ʙʦʣʴʰʠʥʩʪʚʦ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʇʍɹ ʧʦʜʚʝʨʛʣʠʩʴ ʧʦʣʥʦʤʫ ʨʘʟʣʦʞʝʥʠʶ 

(ʪʘʙʣʠʮʘ 23, ʇʨʠʣʦʞʝʥʠʝ 4, ʪʘʙʣʠʮʘ 39).  
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ʊʘʙʣʠʮʘ 23 ï ɼʝʩʪʨʫʢʮʠʷ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʇʍɹ ʠʟ ʩʤʝʩʠ GM 

ʰʪʘʤʤʦʤ R. wratislaviensis KT 112-7 

ʅʦʤʝʨ 

ʩʦʝʜʠʥʝʥʠʷ* 

ɼʝʩʪʨʫʢʮʠʷ, % 

ʉʚʦʙʦʜʥʳʝ ʢʣʝʪʢʠ 
ʀʤʤʦʙʠʣʠʟʦʚʘʥʥʳʝ 

ʢʣʝʪʢʠ ʥʘ ɹɸʋ-ɸ 

ʀʤʤʦʙʠʣʠʟʦʚʘʥʥʳʝ 

ʢʣʝʪʢʠ ʥʘ ʂʘʨʙʦʧʦʥ-

ɺ-ʘʢʪʠʚ 

1 81.4 Ñ 0.1 58.9 Ñ 0.1 100 

4 54.5 Ñ 0.2 58.0 Ñ 0.2 79.7 Ñ 0.3 

3 58.5 Ñ 0.1 60.7 Ñ 0.2 100 

3 60.5 Ñ 0.2 51.3 Ñ 0.1 92.1 Ñ 0.2 

3 53.8 Ñ 0.1 55.7 Ñ 0.1 92.2 Ñ 0.2 

4 73.1 Ñ 0.3 68.8 Ñ 0.2 100 

4 88.8 Ñ 0.2 18.0 Ñ 0.1 88.1 Ñ 0.2 

3 61.2 Ñ 0.1 12.4 Ñ 0.2 76.9 Ñ 0.1 

10, 4, 3 92.5 Ñ 0.5 84.2 Ñ 0.3 100 

4 87.7 Ñ 0.4 0 67.0 Ñ 0.3 

2 91.4 Ñ 0.1 92.2 Ñ 0.1 92.4 Ñ 0.1 

10,2 56.9 Ñ 0.3 86.7 Ñ 0.1 100 

10,5,2 11.1 Ñ 0.5 79.9 Ñ 0.3 100 

12,10,9,5,4,2 61.6 Ñ 0.1 52.5 Ñ 0.2 93.0 Ñ 0.1 

10,2 82.5 Ñ 0.2 64.8 Ñ 0.2 93.4 Ñ 0.2 

10,9,2 81.0 Ñ 0.1 100 100 

12,10,3 71.9 Ñ 0.2 84.8 Ñ 0.1 100 

12,10,8 66.4 Ñ 0.1 75.0 Ñ 0.3 100 

12,10,9 75.1 Ñ 0.1 46.1 Ñ 0.3 100 

12,10,2 78.7 Ñ 0.3 73.0 Ñ 0.1 100 

12,9 77.4 Ñ 0.2 52.8 Ñ 0.2 100 

12,9,2 88.2 Ñ 0.1 100 100 

12,7,2 69.9 Ñ 0.2 100 100 

12,10,2 56.3 Ñ 0.2 83.7 Ñ 0.2 92.1 Ñ 0.3 

13,12,9,7,2 78.3 Ñ 0.2 62.6 Ñ 0.2 100 

16,13,12,11,10,7 71.5 Ñ 0.4 87.7 Ñ 0.3 100 

14,13,12,10,7,6 74.2 Ñ 0.3 18.8 Ñ 0.4 100 

13,12 81.2 Ñ 0.2 56.2 Ñ 0.2 100 

16,13,12 19.5 Ñ 0.2 100 100 

16,13,12 81.5 Ñ 0.4 100 100 

13,12,10 95.5 Ñ 0.4 100 100 

16,13,12,6 90.9 Ñ 0.3 100 85.8 Ñ 0.1 

16,14,13,11 82.7 Ñ 0.2 100 100 

*  ʩʪʨʫʢʪʫʨʳ ʩʦʝʜʠʥʝʥʠʡ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʫʢʘʟʘʥʥʳʤ ʥʦʤʝʨʘʤ, 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʇʨʠʣʦʞʝʥʠʠ 4 ʨʠʩʫʥʦʢ 80, ʪʘʙʣʠʮʘ 39 
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ɸʥʘʣʠʟ ʩʦʩʪʘʚʘ ʩʤʝʩʠ GM ʚ ʘʙʠʦʪʠʯʝʩʢʦʤ ʢʦʥʪʨʦʣʝ ʥʝ ʚʳʷʚʠʣ 

ʠʟʤʝʥʝʥʠʡ ʚ ʩʦʩʪʘʚʝ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʥʘʯʘʣʴʥʦʡ ʩʤʝʩʠ ʛʠʜʨʦʢʩʠ-, ʤʝʪʦʢʩʠ- 

ʠ ʛʠʜʨʦʢʩʠʤʝʪʦʢʩʠʧʨʦʠʟʚʦʜʥʳʭ ʭʣʦʨʠʨʦʚʘʥʥʳʭ ʙʠʬʝʥʠʣʦʚ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʦʪʣʠʯʠʝ ʚ ʩʦʩʪʘʚʝ ʩʤʝʩʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʇʍɹ ʧʦʩʣʝ ʜʝʩʪʨʫʢʮʠʠ 

ʰʪʘʤʤʦʤ ʂʊ112-7, ʠʤʤʦʙʠʣʠʟʦʚʘʥʥʦʤ ʥʘ ʨʘʟʥʳʭ ʥʦʩʠʪʝʣʷʭ, ʤʦʞʝʪ ʙʳʪʴ 

ʦʙʫʩʣʦʚʣʝʥʦ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʨʘʟʣʘʛʘʶʱʝʡ ʘʢʪʠʚʥʦʩʪʴʶ ʩʠʩʪʝʤʳ çʢʣʝʪʢʠ 

ʂʊ112-7 ï ʂʘʨʙʦʧʦʥ-ɺ-ʘʢʪʠʚè. 

ɺ ʨʘʙʦʪʝ (Kim et al., 2004) ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ 

ʠʥʘʢʪʠʚʠʨʦʚʘʥʥʳʭ ʢʣʝʪʦʢ ʰʪʘʤʤʦʚ ʨʦʜʘ Bacillus ʚ ʩʠʥʪʝʪʠʯʝʩʢʦʡ ʧʝʧʪʦʥʥʦʡ 

ʩʨʝʜʝ, ʩʦʜʝʨʞʘʱʝʡ ʢʦʤʤʝʨʯʝʩʢʫʶ ʩʤʝʩʴ ʇʍɹ ʤʘʨʢʠ ʉʦʚʦʣ, ʚ ʪʝʯʝʥʠʝ 

10 ʜʥʝʡ, ʘʜʩʦʨʙʮʠʦʥʥʘʷ ʝʤʢʦʩʪʴ ʢʣʝʪʦʢ ʩʦʩʪʘʚʠʣʘ 2.0ï13.6 ʤʢʛ ʇʍɹ/ʤʛ 

ʢʣʝʪʦʢ. ɺ ʥʘʩʪʦʷʱʝʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʠʥʘʢʪʠʚʠʨʦʚʘʥʥʳʝ 

ʢʣʝʪʢʠ ʰʪʘʤʤʘ R. wratislaviensis KT112-7 ʥʝ ʩʦʨʙʠʨʫʶʪ ʥʘ ʩʚʦʝʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʩʤʝʩʴ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʇʍɹ ʚ ʜʦʩʪʦʚʝʨʥʦ ʟʥʘʯʠʤʳʭ 

ʢʦʣʠʯʝʩʪʚʘʭ. ʉʦʨʙʮʠʦʥʥʘʷ ʝʤʢʦʩʪʴ ʢʣʝʪʦʢ ʢ ʠʩʧʦʣʴʟʫʝʤʦʡ ʩʤʝʩʠ ʢʦʣʝʙʘʣʘʩʴ 

ʚ ʧʨʝʜʝʣʘʭ 0.008ï0.011 ʤʢʛ ʩʤʝʩʠ GM/ ʤʛ ʢʣʝʪʦʢ ʠ ʥʝ ʟʘʚʠʩʝʣʘ 

ʦʪ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʵʢʩʧʝʨʠʤʝʥʪʘ. ʊʘʢ ʢʘʢ ʢʦʣʠʯʝʩʪʚʦ ʩʦʨʙʠʨʦʚʘʥʥʳʭ ʥʘ 

ʢʣʝʪʢʘʭ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʇʍɹ ʥʝ ʧʨʝʚʳʰʘʝʪ 0.001% ʦʪ ʠʩʭʦʜʥʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʠ, ʪʦ ʜʘʥʥʘʷ ʚʝʣʠʯʠʥʘ ʚ ʨʘʩʯʝʪʘʭ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʜʝʩʪʨʫʢʮʠʠ 

ʥʝ ʫʯʠʪʳʚʘʣʘʩʴ.  

ʊʘʢ ʢʘʢ ʥʘʠʣʫʯʰʠʡ ʨʝʟʫʣʴʪʘʪ ʧʦ ʨʘʟʣʦʞʝʥʠʶ ʩʤʝʩʠ GM ʙʳʣ ʧʦʣʫʯʝʥ 

ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚ ʢʘʯʝʩʪʚʝ ʥʦʩʠʪʝʣʷ ʫʛʣʝʨʦʜʥʦʛʦ ʚʦʣʦʢʥʘ ʂʘʨʙʦʧʦʥ-ɺ-

ʘʢʪʠʚ, ʪʦ ʤʳ ʨʘʩʩʤʦʪʨʝʣʠ ʜʚʘ ʚʘʨʠʘʥʪʘ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ʰʪʘʤʤʘ ʂʊ112-7 ʥʘ 

ʜʘʥʥʦʤ ʚʦʣʦʢʥʝ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʨʘʟʣʦʞʝʥʠʷ ʩʤʝʩʠ GM: ʢʨʘʪʢʦʚʨʝʤʝʥʥʳʡ 

(24 ʯ) ʠ ʜʣʠʪʝʣʴʥʳʡ (96 ʯ). ʇʨʦʮʝʩʩ ʙʠʦʜʝʩʪʨʫʢʮʠʠ ʥʘʠʙʦʣʝʝ ʘʢʪʠʚʥʦ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʧʝʨʚʳʝ 24 ʯ ʠʥʢʫʙʘʮʠʠ. ʋʙʳʣʴ ʩʫʙʩʪʨʘʪʘ ʦʧʠʩʳʚʘʝʪʩʷ 

ʫʨʘʚʥʝʥʠʝʤ: 

y = 0.725 * x / 43, R2 = 1 

ʛʜʝ, y ï ʢʦʣʠʯʝʩʪʚʦ ʩʤʝʩʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʇʍɹ, ʨʘʟʣʦʞʝʥʥʦʡ 

ʟʘ ʝʜʠʥʠʮʫ ʚʨʝʤʝʥʠ 1 ʛ ʙʘʢʪʝʨʠʘʣʴʥʦʡ ʢʫʣʴʪʫʨʳ, ʛ; ʭ ï ʚʨʝʤʷ ʜʝʩʪʨʫʢʮʠʠ, ʯ. 
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ʀʩʭʦʜʷ ʠʟ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ, 1 ʛ ʠʤʤʦʙʠʣʠʟʦʚʘʥʥʳʭ ʢʣʝʪʦʢ ʰʪʘʤʤʘ 

R. wratislaviensis ʂʊ112-7 ʟʘ 24 ʯ ʦʩʫʱʝʩʪʚʣʷʝʪ ʙʠʦʜʝʩʪʨʫʢʮʠʶ 0.4 ʛ ʩʤʝʩʠ 

GM. 

ʋʚʝʣʠʯʝʥʠʝ ʚʨʝʤʝʥʠ ʜʝʩʪʨʫʢʮʠʠ ʙʝʟ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʚʥʝʩʝʥʠʷ ʩʤʝʩʠ 

GM ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʩʢʦʨʦʩʪʠ ʙʠʦʜʝʛʨʘʜʘʮʠʠ. ʋʙʳʣʴ ʩʫʙʩʪʨʘʪʘ ʧʨʠ 

ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʚ ʪʝʯʝʥʠʝ 96 ʯ ʦʧʠʩʳʚʘʝʪʩʷ ʫʨʘʚʥʝʥʠʝʤ: 

y = 0,777 * x0,84 / 43, R2 = 0.998 

ʛʜʝ, y ï ʢʦʣʠʯʝʩʪʚʦ ʩʤʝʩʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʇʍɹ, ʨʘʟʣʦʞʝʥʥʦʝ 

ʟʘʝʜʠʥʠʮʫ ʚʨʝʤʝʥʠ 1 ʛ ʙʘʢʪʝʨʠʘʣʴʥʦʡ ʢʫʣʴʪʫʨʳ, ʛ; ʭ ï ʚʨʝʤʷ ʜʝʩʪʨʫʢʮʠʠ, ʯ. 

ʀʩʭʦʜʷ ʠʟ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ, 1 ʛ ʢʣʝʪʦʢ ʰʪʘʤʤʘ R. wratislaviensis 

ʂʊ112-7, ʠʤʤʦʙʠʣʠʟʦʚʘʥʥʳʭ ʥʘ ʂʘʨʙʦʧʦʥ-ɺ-ʘʢʪʠʚ, ʟʘ 96 ʯ ʦʩʫʱʝʩʪʚʣʷʝʪ 

ʨʘʟʣʦʞʝʥʠʝ 0.84 ʛ ʩʤʝʩʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʇʍɹ. ʆʜʥʘʢʦ, ʩʦʧʦʩʪʘʚʣʝʥʠʝ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʙʦʠʭ ʨʝʞʠʤʦʚ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ʚ ʧʝʨʝʩʯʝʪʝ ʥʘ ʫʙʳʣʴ 

ʩʫʙʩʪʨʘʪʘ ʟʘ 1 ʯ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʝʨʚʳʡ ʚʘʨʠʘʥʪ ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ 

ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʜʣʷ ʫʥʠʯʪʦʞʝʥʠʷ ʜʘʥʥʦʛʦ ʩʫʙʩʪʨʘʪʘ: ʚ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʟʘ 1 ʯ 

1 ʛ ʢʣʝʪʦʢ ʨʘʟʣʘʛʘʝʪ 17 ʤʛ ʩʤʝʩʠ GM, ʚʦ ʚʪʦʨʦʤ ʩʣʫʯʘʝ ï 8 ʤʛ ʩʤʝʩʠ GM. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʰʪʘʤʤ R. wratislaviensis ʂʊ112-7 ʵʬʬʝʢʪʠʚʥʦ ʨʘʟʣʘʛʘʝʪ 

ʩʤʝʩʴ ʛʠʜʨʦʢʩʠ- ʠ ʤʝʪʦʢʩʠ-ʧʨʦʠʟʚʦʜʥʳʭ ʧʦʣʠʭʣʦʨʠʨʦʚʘʥʥʳʭ ʙʠʬʝʥʠʣʦʚ ʢʘʢ 

ʚ ʩʦʩʪʦʷʥʠʠ ʧʣʘʥʢʪʦʥʥʦʡ ʢʫʣʴʪʫʨʳ, ʪʘʢ ʠ ʚ ʚʠʜʝ ʠʤʤʦʙʠʣʠʟʦʚʘʥʥʳʭ 

ʥʘ ʠʥʝʨʪʥʦʤ ʥʦʩʠʪʝʣʝ ʢʣʝʪʦʢ. 

 

5.4. ɼʝʩʪʨʫʢʮʠʷ ʩʤʝʩʝʡ ʉ1 ʠ ʉ2, ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ ʭʠʤʠʯʝʩʢʦʡ 

ʤʦʜʠʬʠʢʘʮʠʠ ʢʦʤʤʝʨʯʝʩʢʦʡ ʩʤʝʩʠ ʇʍɹ ʉʦʚʦʣ ʧʦʣʠʵʪʠʣʝʥʛʣʠʢʦʣʷʤʠ 

ɺʧʝʨʚʳʝ ʠʟʫʯʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʙʘʢʪʝʨʠʘʣʴʥʦʛʦ ʨʘʟʣʦʞʝʥʠʷ ʩʤʝʩʝʡ 

ʩʦʝʜʠʥʝʥʠʡ, ʚ ʩʦʩʪʘʚʝ ʢʦʪʦʨʳʭ ʧʨʝʜʩʪʘʚʣʝʥʳ ʇʍɹ, ʠ ʠʭ ʛʠʜʨʦʢʩʠ- ʠ 

ʧʦʣʠʵʪʠʣʝʥʛʣʠʢʦʣʦʢʩʠ-ʧʨʦʠʟʚʦʜʥʳʝ.  

ʉʤʝʩʠ ʉ1 ʠ ʉ2 ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʚ ʨʝʟʫʣʴʪʘʪʝ ʭʠʤʠʯʝʩʢʦʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʢʦʤʤʝʨʯʝʩʢʦʡ ʩʤʝʩʠ ʇʍɹ ʤʘʨʢʠ ʉʦʚʦʣ 

ʩ ʧʦʣʠʵʪʠʣʝʥʛʣʠʢʦʣʷʤʠ (ʇʨʠʣʦʞʝʥʠʝ 4, ʪʘʙʣʠʮʘ 38, ʨʠʩʫʥʦʢ 80). 
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ʉʤʝʩʴ ʉ1 ʩʦʜʝʨʞʠʪ ʚ ʩʚʦʝʤ ʩʦʩʪʘʚʝ ʥʝʧʨʦʨʝʘʛʠʨʦʚʘʚʰʠʝ ʢʦʥʛʝʥʝʨʳ 

ʇʍɹ (ʇʍɹ 52, ʇʍɹ 49, ʇʍɹ 47, ʇʍɹ 44, ʇʍɹ 66), ʤʦʥʦʛʠʜʨʦʢʩʠ-(ʪʝʪʨʘ-

ʧʝʥʪʘ)-ʭʣʦʨʙʠʬʝʥʠʣʳ (ʅʆ-ʪʝʪʨʘʍɹ, ʅʆ-ʧʝʥʪʘʍɹ) ʠ ʤʦʥʦʟʘʤʝʱʝʥʥʳʝ 

ʧʨʦʠʟʚʦʜʥʳʝ ʇʍɹ ʩ ʇʕɻ-4 ï ʤʦʥʦʧʦʣʠʵʪʠʣʝʥʛʣʠʢʦʣʦʢʩʠ-ʧʦʣʠʭʣʦʨʙʠʬʝʥʠʣʳ 

(ʇʍɹ-ʇʕɻ-4) (ʇʨʠʣʦʞʝʥʠʝ 4, ʪʘʙʣʠʮʘ 38, ʨʠʩʫʥʦʢ 80). ʉʤʝʩʴ ʉ2 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʝʧʨʦʨʝʘʛʠʨʦʚʘʚʰʠʤʠ ʢʦʥʛʝʥʝʨʘʤʠ ʇʍɹ (ʇʍɹ 52, ʇʍɹ 49, 

ʇʍɹ 47, ʇʍɹ 44, ʇʍɹ 66), ʅʆ-ʪʝʪʨʘʍɹ, ʅʆ-ʧʝʥʪʘʍɹ ʠ ʤʦʥʦʟʘʤʝʱʝʥʥʳʤʠ 

ʧʨʦʠʟʚʦʜʥʳʤʠ ʇʍɹ ʩ ʇʕɻ-22 (ʇʍɹ-ʇʕɻ-22) (ʇʨʠʣʦʞʝʥʠʝ 4, ʪʘʙʣʠʮʘ 38, 

ʨʠʩʫʥʦʢ 80). 

ʉʧʦʩʦʙʥʦʩʪʴ ʨʘʟʣʘʛʘʪʴ ʜʘʥʥʳʝ ʩʤʝʩʠ ʠʟʫʯʝʥʘ ʫ ʦʜʥʦʛʦ ʠʟ ʥʘʠʙʦʣʝʝ 

ʘʢʪʠʚʥʳʭ ʰʪʘʤʤʦʚ-ʜʝʩʪʨʫʢʪʦʨʦʚ ʇʍɹ, ʠʩʩʣʝʜʫʝʤʳʭ ʚ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ï 

Rhodococcus wratislaviensis ʂʊ112-7. 

ɸʥʘʣʠʟ ʤʝʪʦʜʦʤ ɻʍ-ʄʉ ʢʫʣʴʪʫʨʘʣʴʥʦʡ ʞʠʜʢʦʩʪʠ ʧʦʢʘʟʘʣ, ʯʪʦ ʰʪʘʤʤ 

ʂʊ112-7 ʦʩʫʱʝʩʪʚʣʷʝʪ ʜʝʩʪʨʫʢʮʠʶ ʚʩʝʭ ʢʦʤʧʦʥʝʥʪʦʚ ʩʤʝʩʠ ʉ1 (ʨʠʩʫʥʦʢ 50). 

ʏʝʨʝʟ 24 ʯ ʠʥʢʫʙʘʮʠʠ ʦʪʤʝʯʘʣʘʩʴ 100%-ʘʷ ʜʝʩʪʨʫʢʮʠʷ ʇʍɹ-ʇʕɻ-4, 

ʅʆ-ʧʝʥʪʘʍɹ, ʥʦ ʟʘʬʠʢʩʠʨʦʚʘʥʦ ʧʨʠʩʫʪʩʪʚʠʝ ʩʣʝʜʦʚʳʭ ʢʦʣʠʯʝʩʪʚ ʇʍɹ 49, 

ʇʍɹ 52 ʠ ʅʆ-ʪʝʪʨʘʍɹ. ʂ ʢʦʥʮʫ ʧʷʪʳʭ ʩʫʪʦʢ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ʚ ʩʤʝʩʠ ʉ1 

ʤʦʥʦʛʠʜʨʦʢʩʠ-ʧʦʣʠʭʣʦʨʙʠʬʝʥʠʣʳ ʥʝ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠʩʴ, ʘ ʜʝʩʪʨʫʢʮʠʷ 

ʢʦʥʛʝʥʝʨʦʚ ʇʍɹ ʩʦʩʪʘʚʣʷʣʘ 90% (ʦʩʪʘʪʦʯʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʇʍɹ 

ʚ ʢʫʣʴʪʫʨʘʣʴʥʦʡ ʩʨʝʜʝ ʩʦʩʪʘʚʣʷʣʦ 8.8 Ñ 0.4 ʤʢʛ/ʤʣ) (ʨʠʩʫʥʦʢ 50ʙ).  

ʆʪʤʝʪʠʤ, ʯʪʦ ʇʍɹ 49 ʠ ʇʍɹ 52 ʷʚʣʷʶʪʩʷ ʥʘʠʙʦʣʝʝ ʫʩʪʦʡʯʠʚʳʤʠ 

ʢ ʤʠʢʨʦʙʥʦʡ ʘʪʘʢʝ, ʪʘʢ ʢʘʢ ʩʦʜʝʨʞʘʪ ʟʘʤʝʩʪʠʪʝʣʠ ʚ ʦʨʪʦ- ʠ ʤʝʪʘ-

ʧʦʣʦʞʝʥʠʷʭ. ʆʜʥʘʢʦ ʜʠʥʘʤʠʢʘ ʠʭ ʫʙʳʣʠ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʩʧʦʩʦʙʥʦʩʪʠ 

ʰʪʘʤʤʘ ʂʊ112-7 ʦʩʫʱʝʩʪʚʣʷʪʴ ʪʨʘʥʩʬʦʨʤʘʮʠʶ ʜʘʥʥʳʭ ʢʦʥʛʝʥʝʨʦʚ. 

ʇʦ ʫʨʦʚʥʶ ʜʝʩʪʨʫʢʮʠʠ ʇʍɹ 49 ʠ ʇʍɹ 52 ʰʪʘʤʤ R. wratislaviensis ʂʊ112-7 

ʥʝ ʫʩʪʫʧʘʝʪ ʰʪʘʤʤʘʤ ʨʦʜʘ Rhodococcus, ʠʩʩʣʝʜʦʚʘʥʥʳʤ ʥʘʤʠ ʨʘʥʝʝ, 

ʠ ʧʨʝʚʦʩʭʦʜʠʪ ʠʟʚʝʩʪʥʳʝ ʰʪʘʤʤʳ-ʜʝʩʪʨʫʢʪʦʨʳ (ɽʛʦʨʦʚʘ ʠ ʜʨ., 2011; Seto et 

al., 1995; Seeger et al., 1999; Bedard, 2003; Pieper, 2005). 
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ʘ)                                                                 

  

ʙ) 

 

ʈʠʩʫʥʦʢ 50 ï ʍʨʦʤʘʪʦʛʨʘʤʤʘ ʩʤʝʩʠ ʉ1 (300 ʤʛ/ʣ) ʜʦ (ʘ) ʠ ʯʝʨʝʟ 

5 ʩʫʪʦʢ (ʙ) ʙʘʢʪʝʨʠʘʣʴʥʦʡ ʜʝʩʪʨʫʢʮʠʠ: II  ï ʤʦʥʦʛʠʜʨʦʢʩʠ-

ʪʝʪʨʘʭʣʦʨʙʠʬʝʥʠʣʳ, III  ï ʤʦʥʦʛʠʜʨʦʢʩʠ-ʧʝʥʪʘʭʣʦʨʙʠʬʝʥʠʣʳ, IV - 

ʤʦʥʦʟʘʤʝʱʝʥʥʳʝ ʧʨʦʠʟʚʦʜʥʳʝ ʩ ʇʕɻ-4 ʠʟ ʧʝʥʪʘ- ʠ ʛʝʢʩʘʭʣʦʨʙʠʬʝʥʠʣʦʚ. 

ɸʨʘʙʩʢʠʤʠ ʮʠʬʨʘʤʠ ʫʢʘʟʘʥʳ ʥʦʤʝʨʘ ʢʦʥʛʝʥʝʨʦʚ ʇʍɹ, ʥʝ ʚʩʪʫʧʠʚʰʠʭ ʚ 

ʨʝʘʢʮʠʶ 
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ʂʦʣʠʯʝʩʪʚʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʇʍɹ ʠ ʅʆ-ʪʝʪʨʘʍɹ, ʅʆ-ʧʝʥʪʘʍɹ ʚ ʩʤʝʩʠ 

ʉ1 (ʇʨʠʣʦʞʝʥʠʝ 4, ʪʘʙʣʠʮʘ 38) ʧʦʟʚʦʣʷʣʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʧʨʠ 

ʙʘʢʪʝʨʠʘʣʴʥʦʡ ʜʝʩʪʨʫʢʮʠʠ ʚ ʩʨʝʜʝ ʙʫʜʫʪ ʥʘʢʘʧʣʠʚʘʪʴʩʷ ʧʨʦʤʝʞʫʪʦʯʥʳʝ 

ʩʦʝʜʠʥʝʥʠʷ, ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʧʫʪʠ ʘʵʨʦʙʥʦʡ ʙʘʢʪʝʨʠʘʣʴʥʦʡ 

ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʜʘʥʥʳʭ ʛʨʫʧʧ ʚʝʱʝʩʪʚ (ɽʛʦʨʦʚʘ ʠ ʜʨ., 2010, 2011; Francova et 

al., 2004; Pieper, 2005). ʆʜʥʘʢʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʦʛʦ 

ʘʥʘʣʠʟʘ ʢʫʣʴʪʫʨʘʣʴʥʦʡ ʞʠʜʢʦʩʪʠ ʥʘʣʠʯʠʝ ɻʆʌɼʂ ʠ ʍɹʂ ʫʩʪʘʥʦʚʣʝʥʦ 

ʥʝ ʙʳʣʦ, ʥʦ ʦʪʤʝʯʝʥʦ ʥʘʢʦʧʣʝʥʠʝ ʠʦʥʦʚ ʭʣʦʨʘ (0.39Ñ0.02ʤʄ ʥʘ 3 ʩʫʪʢʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘ, 0.83Ñ0.03ʤʄ ï ʥʘ 5 ʩʫʪʢʠ). ʉʦʛʣʘʩʥʦ ʨʝʟʫʣʴʪʘʪʘʤ ʵʣʝʤʝʥʪʥʦʛʦ 

ʘʥʘʣʠʟʘ, ʩʤʝʩʴ ʉ1 ʩʦʜʝʨʞʠʪ 13.58% ʠʦʥʦʚ ʭʣʦʨʘ. ʉ ʫʯʝʪʦʤ ʢʦʣʠʯʝʩʪʚʘ ʩʤʝʩʠ 

ʉ1, ʠʩʧʦʣʴʟʦʚʘʥʥʳʤ ʜʣʷ ʜʝʩʪʨʫʢʮʠʠ, ʤʘʢʩʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʠʦʥʦʚ ʭʣʦʨʘ 

ʚ ʩʨʝʜʝ ʧʨʠ ʧʦʣʥʦʤ ʨʘʟʣʦʞʝʥʠʠ ʠ ʜʝʭʣʦʨʠʨʦʚʘʥʠʠ ʩʤʝʩʠ ʤʦʞʝʪ ʩʦʩʪʘʚʠʪʴ 

1.15 ʤʄ. ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʢ ʢʦʥʮʫ ʵʢʩʧʝʨʠʤʝʥʪʘ ʢʦʣʠʯʝʩʪʚʦ ʠʦʥʦʚ ʭʣʦʨʘ 

ʚ ʩʨʝʜʝ ʥʠʞʝ, ʯʝʤ ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʝ, ʧʦʣʫʯʝʥʥʳʡ ʨʝʟʫʣʴʪʘʪ ʧʦʟʚʦʣʷʝʪ 

ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʧʨʠ ʨʘʟʣʦʞʝʥʠʠ ʢʦʤʧʦʥʝʥʪʦʚ ʩʤʝʩʠ ʉ1 ʥʝ ʧʨʦʠʩʭʦʜʠʪ 

ʥʘʢʦʧʣʝʥʠʷ ʭʣʦʨʠʨʦʚʘʥʥʳʭ ʧʨʦʜʫʢʪʦʚ. ʈʘʟʥʠʮʘ ʤʝʞʜʫ ʚʳʜʝʣʝʥʥʳʤ 

ʢʦʣʠʯʝʩʪʚʦʤ ʠʦʥʦʚ ʭʣʦʨʘ ʠ ʩʦʜʝʨʞʘʱʠʤʩʷ ʚ ʩʤʝʩʠ ʉ1 ʦʙʫʩʣʦʚʣʝʥʘ ʪʝʤ, ʯʪʦ 

ʯʘʩʪʴ ʠʦʥʦʚ ʭʣʦʨʘ ʝʱʝ ʩʚʷʟʘʥʘ ʚ ʤʦʣʝʢʫʣʘʭ ʇʍɹ 49 ʠ ʇʍɹ 52. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʝʛʨʘʜʘʪʠʚʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ 

ʰʪʘʤʤʘ R. wratislaviensis ʂʊ112-7 ʫʜʘʣʦʩʴ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʩʪʴʶ 

ʫʪʠʣʠʟʠʨʦʚʘʪʴ ʩʤʝʩʴ, ʧʦʣʫʯʝʥʥʫʶ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʪʝʭʥʠʯʝʩʢʦʡ 

ʩʤʝʩʠ ʇʍɹ ʉʦʚʦʣ ʩ ʇʕɻ-4 ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʛʠʜʨʦʢʩʠʜʘ ʢʘʣʠʷ. 

ʐʪʘʤʤ R. wratislaviensis ʂʊ112-7 ʵʬʬʝʢʪʠʚʥʦ ʨʘʟʣʘʛʘʣ ʩʤʝʩʴ ʉ2 

(ʨʠʩʫʥʦʢ 51). ʏʝʨʝʟ 1 ʩʫʪʢʠ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ʧʨʦʬʠʣʴ ʭʨʦʤʘʪʦʛʨʘʤʤʳ 

ʠʟʤʝʥʷʣʩʷ, ʘ ʯʝʨʝʟ 5 ʩʫʪʦʢ ʬʠʢʩʠʨʫʶʪʩʷ ʩʣʝʜʦʚʳʝ ʢʦʣʠʯʝʩʪʚʘ ʛʠʜʨʦʢʩʠ-

(ʪʝʪʨʘ/ʧʝʥʪʘ)-ʭʣʦʨʙʠʬʝʥʠʣʦʚ ʠ ʥʝʧʨʦʨʝʘʛʠʨʦʚʘʚʰʠʝ ʥʘ ʭʠʤʠʯʝʩʢʦʡ ʩʪʘʜʠʠ 

ʢʦʥʛʝʥʝʨʳ ʇʍɹ (ʨʠʩʫʥʦʢ 51). ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ, ʢʘʢ ʠ ʧʨʠ ʜʝʩʪʨʫʢʮʠʠ 

ʩʤʝʩʠ ʉ1, ʚ ʢʫʣʴʪʫʨʘʣʴʥʦʡ ʩʨʝʜʝ ʥʝ ʙʳʣʠ ʟʘʬʠʢʩʠʨʦʚʘʥʳ ʧʨʦʤʝʞʫʪʦʯʥʳʝ 

ʧʨʦʜʫʢʪʳ ʙʘʢʪʝʨʠʘʣʴʥʦʛʦ ʨʘʟʣʦʞʝʥʠʷ ʤʦʥʦʧʨʦʠʟʚʦʜʥʳʭ ʇʍɹ-ʇʕɻ-22, 

ʢʦʥʛʝʥʝʨʦʚ ʇʍɹ ʠ ʛʠʜʨʦʢʩʠʣʠʨʦʚʘʥʥʳʭ ʪʝʪʨʘ- ʠ ʧʝʥʪʘʭʣʦʨʙʠʬʝʥʠʣʦʚ.  
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ʘ) 

 

ʙ) 

 

ʈʠʩʫʥʦʢ 51 ï ʍʨʦʤʘʪʦʛʨʘʤʤʘ ʩʤʝʩʠ ʉ2 (600 ʤʛ/ʣ) ʜʦ (ʘ) ʠ ʯʝʨʝʟ 5 

ʩʫʪʦʢ (ʙ) ʙʘʢʪʝʨʠʘʣʴʥʦʡ ʜʝʩʪʨʫʢʮʠʠ: II  ï ʤʦʥʦʛʠʜʨʦʢʩʠ-

ʪʝʪʨʘʭʣʦʨʙʠʬʝʥʠʣʳ, III  ï ʤʦʥʦʛʠʜʨʦʢʩʠ-ʧʝʥʪʘʭʣʦʨʙʠʬʝʥʠʣʳ. ɸʨʘʙʩʢʠʤʠ 

ʮʠʬʨʘʤʠ ʫʢʘʟʘʥʳ ʢʦʥʛʝʥʝʨʳ ʇʍɹ, ʥʝ ʚʩʪʫʧʠʚʰʠʝ ʚ ʭʠʤʠʯʝʩʢʫʶ ʨʝʘʢʮʠʶ. 
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ʆʜʥʘʢʦ ʙʳʣʦ ʚʳʷʚʣʝʥʦ ʥʘʢʦʧʣʝʥʠʝ ʠʦʥʦʚ ʭʣʦʨʘ (1.38 Ñ 0.02ʤʄ ʥʘ 

3 ʩʫʪʢʠ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ, 1.65 Ñ 0.02ʤʄ ï ʥʘ 5 ʩʫʪʢʠ). ʂʦʣʠʯʝʩʪʚʦ 

ʩʚʦʙʦʜʥʳʭ ʠʦʥʦʚ ʭʣʦʨʘ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠʙʣʠʞʘʝʪʩʷ ʢ ʤʘʢʩʠʤʘʣʴʥʦ 

ʚʦʟʤʦʞʥʦʤʫ ʧʨʠ ʧʦʣʥʦʤ ʜʝʭʣʦʨʠʨʦʚʘʥʠʠ ʩʤʝʩʠ ʉ2 (ʜʦʣʷ ʠʦʥʦʚ ʭʣʦʨʘ ʚ 

ʩʤʝʩʠ ï 10.41%, ʚ ʠʩʧʦʣʴʟʦʚʘʥʥʦʤ ʢʦʣʠʯʝʩʪʚʝ ʩʤʝʩʠ ʉ2 ï 1.76ʤʄ). ʊʘʢ ʢʘʢ 

ʥʝʟʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʠʦʥʦʚ ʭʣʦʨʘ ʢ ʢʦʥʮʫ ʵʢʩʧʝʨʠʤʝʥʪʘ ʝʱʝ ʥʘʭʦʜʠʪʩʷ 

ʚ ʩʦʩʪʘʚʝ ʤʦʣʝʢʫʣ ʇʍɹ 49 ʠ ʇʍɹ 52, ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʨʘʟʣʦʞʝʥʠʝ 

ʩʤʝʩʠ ʉ2 ʧʨʦʠʩʭʦʜʠʪ ʜʦ ʩʦʝʜʠʥʝʥʠʡ, ʥʝ ʩʦʜʝʨʞʘʱʠʭ ʘʪʦʤʳ ʭʣʦʨʘ.  

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʫʨʦʚʝʥʴ ʙʘʢʪʝʨʠʘʣʴʥʦʡ ʜʝʩʪʨʫʢʮʠʠ ʦʩʪʘʪʦʯʥʳʭ ʇʍɹ 

ʚ ʩʤʝʩʠ ʉ2 ʚʳʰʝ, ʯʝʤ ʧʨʠ ʨʘʟʣʦʞʝʥʠʠ ʘʥʘʣʦʛʠʯʥʳʭ ʢʦʥʛʝʥʝʨʦʚ ʇʍɹ ʩʤʝʩʠ 

ʉ1. ʅʘʠʙʦʣʝʝ ʘʢʪʠʚʥʦ ʨʘʟʣʘʛʘʶʪʩʷ ʢʦʥʛʝʥʝʨʳ ʇʍɹ, ʩʦʜʝʨʞʘʱʠʝ ʚ ʦʜʥʦʤ 

ʠʟ ʢʦʣʝʮ ʤʦʣʝʢʫʣʳ ʟʘʤʝʩʪʠʪʝʣʠ ʚ ʦʨʪʦ- ʠ ʧʘʨʘ-ʧʦʣʦʞʝʥʠʷʭ (ʇʍɹ 47, 

ʇʍɹ 66) ï 100%-ʘʷ ʜʝʩʪʨʫʢʮʠʷ ʟʘ 5 ʩʫʪʦʢ, ʢʦʥʚʝʨʩʠʷ ʥʘʠʙʦʣʝʝ ʫʩʪʦʡʯʠʚʳʭ 

ʢ ʙʘʢʪʝʨʠʘʣʴʥʦʤʫ ʨʘʟʣʦʞʝʥʠʶ ʇʍɹ 49 ʠ ʇʍɹ 52 ʢ ʢʦʥʮʫ ʵʢʩʧʝʨʠʤʝʥʪʘ 

ʩʦʩʪʘʚʠʣʘ 95%. ʇʦʣʫʯʝʥʥʳʡ ʨʝʟʫʣʴʪʘʪ ʦʙʫʩʣʦʚʣʝʥ, ʚʝʨʦʷʪʥʦ, ʪʝʤ, ʯʪʦ 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʇʍɹ ʚ ʩʤʝʩʠ ʉ2 ʥʠʞʝ (2/3 ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʇʍɹ ʩʤʝʩʠ ʉ1) 

(ʇʨʠʣʦʞʝʥʠʝ 4, ʪʘʙʣʠʮʘ 38) ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʫʨʦʚʝʥʴ ʪʦʢʩʠʯʥʦʩʪʠ ʩʤʝʩʠ 

ʜʣʷ ʙʘʢʪʝʨʠʘʣʴʥʦʡ ʢʫʣʴʪʫʨʳ ʪʘʢʞʝ ʥʠʞʝ. ɸʥʘʣʠʟ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ 

ʧʦʢʘʟʘʣ, ʯʪʦ ʰʪʘʤʤ ʂʊ112-7 ʦʩʫʱʝʩʪʚʣʷʝʪ ʨʘʟʣʦʞʝʥʠʝ ʚʩʝʭ ʪʝʪʨʘʍɹ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʩʤʝʩʷʭ ʉ1 ʠ ʉ2, ʵʬʬʝʢʪʠʚʥʝʝ, ʯʝʤ ʠʟʚʝʩʪʥʳʝ ʰʪʘʤʤʳ-

ʜʝʩʪʨʫʢʪʦʨʳ ʇʍɹ ʨʦʜʘ Rhodococcus (ɽʛʦʨʦʚʘ ʠ ʜʨ., 2011; Seto et al., 1995; 

Seeger et al., 1999; Bedard, 2003; Pieper, 2005).  

ɺ ʣʠʪʝʨʘʪʫʨʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʝʜʠʥʠʯʥʳʝ ʜʘʥʥʳʝ ʧʦ ʘʵʨʦʙʥʦʤʫ 

ʙʘʢʪʝʨʠʘʣʴʥʦʤʫ ʨʘʟʣʦʞʝʥʠʶ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʢʦʥʛʝʥʝʨʦʚ ʛʠʜʨʦʢʩʠ-ʇʍɹ, 

ʘ ʧʦ ʨʘʟʣʦʞʝʥʠʶ ʜʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʩʦʩʪʘʚʝ ʩʤʝʩʝʡ ʜʘʥʥʳʝ ʦʪʩʫʪʩʪʚʫʶʪ 

(Francova et al., 2004; Tehrani et al., 2012, 2014; Mizukami-Murata et al., 2016). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʫʯʝʥʥʳʝ ʥʘʤʠ ʨʝʟʫʣʴʪʘʪʳ ʦ ʚʳʩʦʢʦʡ ʜʝʛʨʘʜʘʪʠʚʥʦʡ 

ʘʢʪʠʚʥʦʩʪʠ ʰʪʘʤʤʘ R. wratislaviensis ʂʊ112-7 ʢ ʩʤʝʩʷʤ, ʩʦʜʝʨʞʘʱʠʤ ʚ ʩʚʦʝʤ 

ʩʦʩʪʘʚʝ ʇʍɹ, ʅʆ-ʇʍɹ ʠ ʇʍɹ-ʇʕɻ ʧʨʝʜʩʪʘʚʣʷʶʪ ʟʥʘʯʠʪʝʣʴʥʳʡ ʠʥʪʝʨʝʩ 
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ʠ ʧʦʟʚʦʣʷʶʪ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʰʪʘʤʤ ʂʊ112-7 ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ 

ʜʣʷ ʨʘʟʣʦʞʝʥʠʷ/ʫʜʘʣʝʥʠʷ ʠʟ ʧʦʯʚʳ ʩʦʝʜʠʥʝʥʠʡ ʜʘʥʥʳʭ ʛʨʫʧʧ. 

 

5.5. ɼʝʩʪʨʫʢʮʠʷ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʡ ʩʤʝʩʠ ʇʍɹ, ʧʦʣʫʯʝʥʥʦʡ ʧʨʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʉʦʚʦʣʘ ʩ 2-ʘʤʠʥʦʵʪʘʥʦʣʦʤ (ʩʤʝʩʴ GA), ʰʪʘʤʤʦʤ 

R. wratislaviensis ʂʊ112-7 ʚ ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʷʭ 

ɺʧʝʨʚʳʝ ʠʟʫʯʝʥʘ ʜʝʩʪʨʫʢʮʠʷ ʩʤʝʩʠ, ʧʦʣʫʯʝʥʥʦʡ ʚ ʨʝʟʫʣʴʪʘʪʝ ʭʠʤʠʯʝʩʢʦʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʢʦʤʤʝʨʯʝʩʢʦʡ ʩʤʝʩʠ ʇʍɹ ʤʘʨʢʠ ʉʦʚʦʣ ʩ 2-ʘʤʠʥʦʵʪʘʥʦʣʦʤ, 

ʚ ʩʦʩʪʘʚ ʢʦʪʦʨʦʡ ʚʭʦʜʷʪ ʪʝʪʨʘ- ʠ ʧʝʥʪʘʭʣʦʨʙʠʬʝʥʠʣʳ, ʛʠʜʨʦʢʩʠ-

ʭʣʦʨʙʠʬʝʥʠʣʳ, ʘʤʠʥʦʵʪʦʢʩʠ-ʭʣʦʨʙʠʬʝʥʠʣʳ ʠ ʛʠʜʨʦʢʩʠ-ʘʤʠʥʦʵʪʦʢʩʠ-

ʭʣʦʨʙʠʬʝʥʠʣʳ (ʩʤʝʩʴ GA) (ʇʨʠʣʦʞʝʥʠʝ 4, ʨʠʩʫʥʦʢ 82, ʪʘʙʣʠʮʘ 40). 

ʉʤʝʩʴ GA ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʚ ʨʘʤʢʘʭ ʧʦʠʩʢʦʚʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʥʘʧʨʘʚʣʝʥʥʳʭ 

ʥʘ ʩʦʟʜʘʥʠʝ ʧʨʦʠʟʚʦʜʥʳʭ ʇʍɹ, ʙʦʣʝʝ ʜʦʩʪʫʧʥʳʭ ʜʣʷ ʨʘʟʣʦʞʝʥʠʷ 

ʙʘʢʪʝʨʠʘʣʴʥʳʤʠ ʰʪʘʤʤʘʤʠ. ʉʠʥʪʝʟʠʨʦʚʘʥʥʘʷ ʩʤʝʩʴ GA ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʘʤʦʨʬʥʫʶ ʚʷʟʢʫʶ ʤʘʩʩʫ ʢʦʨʠʯʥʝʚʦʛʦ ʮʚʝʪʘ, ʥʝʨʘʩʪʚʦʨʠʤʫʶ ʚ ʚʦʜʝ, ʥʝʩʤʦʪʨʷ 

ʥʘ ʦʙʠʣʠʝ ʧʨʦʜʫʢʪʦʚ ʩ ʛʠʜʨʦʬʠʣʴʥʳʤʠ ʅʆ-ʛʨʫʧʧʘʤʠ. ɼʣʷ ʨʘʩʪʚʦʨʝʥʠʷ ʩʤʝʩʠ 

GA ʠ ʧʦʩʣʝʜʫʶʱʝʛʦ ʠʟʫʯʝʥʠʷ ʝʝ ʜʝʩʪʨʫʢʮʠʠ ʰʪʘʤʤʦʤ R. wratislaviensis 

KT112-7 ʙʳʣʦ ʧʨʠʤʝʥʝʥʦ ʜʚʘ ʧʦʜʭʦʜʘ: 1) ʨʘʩʪʚʦʨʝʥʠʝ ʩʤʝʩʠ GA ʚ ʘʮʝʪʦʥʝ, 

ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʚʥʝʩʝʥʠʝʤ ʘʮʝʪʦʥʦʚʦʛʦ ʨʘʩʪʚʦʨʘ ʚ ʤʠʥʝʨʘʣʴʥʫʶ ʩʨʝʜʫ 

ʩ ʢʫʣʴʪʫʨʦʡ ʰʪʘʤʤʘ ʂʊ112-7, 2) ʧʦʜʦʙʨʘʥʳ ʇɸɺʳ ʜʣʷ ʦʙʨʘʟʦʚʘʥʠʷ 

ʫʩʪʦʡʯʠʚʦʡ ʵʤʫʣʴʩʠʠ ʩʤʝʩʠ GA ʚ ʚʦʜʝ. 

 

5.5.1. ɹʘʢʪʝʨʠʘʣʴʥʦʝ ʨʘʟʣʦʞʝʥʠʝ ʩʤʝʩʠ GA ʚ ʩʪʘʥʜʘʨʪʥʳʭ ʫʩʣʦʚʠʷʭ 

(ʨʘʩʪʚʦʨʝʥʠʝ ʚ ʘʮʝʪʦʥʝ) 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʠʤʝʥʝʥʠʷ ʧʝʨʚʦʛʦ ʧʦʜʭʦʜʘ (ʨʘʩʪʚʦʨʝʥʠʝ ʩʤʝʩʠ GA 

ʚ ʘʮʝʪʦʥʝ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʧʝʨʝʥʦʩʦʤ ʚ ʤʠʥʝʨʘʣʴʥʫʶ ʩʨʝʜʫ) ʫʩʪʘʥʦʚʣʝʥʦ, 

ʯʪʦ ʰʪʘʤʤ ʂʊ112-7 ʦʩʫʱʝʩʪʚʣʷʝʪ 100 %-ʥʫʶ ʜʝʩʪʨʫʢʮʠʶ 480 ʤʛ/ʣ ʩʤʝʩʠ GA 

ʟʘ 14 ʩʫʪ. ʄʝʪʦʜʦʤ ɻʍ-ʇʀɼ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʰʪʘʤʤ R. wratislaviensis 

ʂʊ112-7 ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʨʘʟʨʫʰʘʝʪ ʧʨʦʠʟʚʦʜʥʳʝ ʩ ʘʤʠʥʦʵʪʦʢʩʠʛʨʫʧʧʦʡ, 
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ʪʘʢ ʢʘʢ ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ ʥʠʭ ʧʠʢʠ ʥʝ ʨʝʛʠʩʪʨʠʨʫʶʪʩʷ ʥʘ ʭʨʦʤʘʪʦʛʨʘʤʤʝ ʫʞʝ 

ʥʘ 4 ʩʫʪ ʵʢʩʧʝʨʠʤʝʥʪʘ. ɺ ʧʦʩʣʝʜʫʶʱʠʝ ʩʫʪʢʠ ʧʨʦʠʩʭʦʜʠʪ ʨʘʟʣʦʞʝʥʠʝ ʪʝʪʨʘ- 

ʠ ʧʝʥʪʘʍɹ, ʠ ʅʆ-ʇʍɹ (ʨʠʩʫʥʦʢ 52).  

 

ʈʠʩʫʥʦʢ 52 ï ʍʨʦʤʘʪʦʛʨʘʤʤʘ (ɻʍ-ʇʀɼ) ʘʥʘʣʠʟʘ ʵʢʩʪʨʘʢʪʦʚ 

ʩʦʝʜʠʥʝʥʠʡ ʩʤʝʩʠ GA ʜʦ ʙʘʢʪʝʨʠʘʣʴʥʦʡ ʜʝʩʪʨʫʢʮʠʠ (I), ʠ ʯʝʨʝʟ 7 (II ) ʠ 14 

ʩʫʪ (III ) ʨʘʟʣʦʞʝʥʠʷ ʰʪʘʤʤʦʤ R. wratislaviensis KT 112-7 

ɼʠʥʘʤʠʢʘ ʫʙʳʣʠ ʠʩʧʦʣʴʟʫʝʤʦʡ ʩʤʝʩʠ GA ʠʤʝʣʘ ʚʠʜ ʚʦʛʥʫʪʦʡ ʢʨʠʚʦʡ 

ʩ ʚʝʣʠʯʠʥʦʡ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʘʧʧʨʦʢʩʠʤʘʮʠʠ 0.99, ʘ ʩʢʦʨʦʩʪʴ ʜʝʩʪʨʫʢʮʠʠ 

ʩʦʩʪʘʚʣʷʣʘ 0.033 ʤʛ Ŀ ʤʣ-1 Ŀ ʩʫʪ-1 (ʨʠʩʫʥʦʢ 53).  

 

ʈʠʩʫʥʦʢ 53 ï ɼʠʥʘʤʠʢʘ ʨʘʟʣʦʞʝʥʠʷ ʩʤʝʩʠ GA ʰʪʘʤʤʦʤ 

R. wratislaviensis ʂʊ112-7 
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ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ, ʜʠʥʘʤʠʢʘ ʫʙʳʣʠ ʪʨʫʜʥʦʜʦʩʪʫʧʥʳʭ ʩʫʙʩʪʨʘʪʦʚ 

ʧʨʠ ʙʘʢʪʝʨʠʘʣʴʥʦʡ ʜʝʩʪʨʫʢʮʠʠ ʦʧʠʩʳʚʘʝʪʩʷ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʡ ʢʨʠʚʦʡ, 

ʘ ʚ ʩʨʝʜʝ ʦʙʥʘʨʫʞʠʚʘʶʪʩʷ ʦʩʪʘʪʦʯʥʳʝ ʢʦʣʠʯʝʩʪʚʘ ʨʘʟʣʘʛʘʝʤʳʭ ʩʦʝʜʠʥʝʥʠʡ 

(Zhang et al., 2009; Saavedra et al., 2010). ʇʨʠʤʝʨʳ ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʦʡ 

ʜʝʩʪʨʫʢʮʠʠ ʩʦʝʜʠʥʝʥʠʡ, ʧʦʜʦʙʥʳʭ ʩʤʝʩʠ GA, ʚ ʣʠʪʝʨʘʪʫʨʝ ʥʝ ʥʘʡʜʝʥʳ.  

ʄʝʪʦʜʦʤ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʦʡ ʞʠʜʢʦʩʪʥʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ ʠ 

ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʠ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʧʨʦʜʫʢʪʘʭ ʙʘʢʪʝʨʠʘʣʴʥʦʡ ʜʝʩʪʨʫʢʮʠʠ 

ʩʤʝʩʠ GA ʧʨʠʩʫʪʩʪʚʫʶʪ ʭʣʦʨ- ʠ ʛʠʜʨʦʢʩʠʟʘʤʝʱʝʥʥʳʝ ʙʝʥʟʦʡʥʳʝ ʢʠʩʣʦʪʳ, 

ʘ ʪʘʢʞʝ ʢʘʪʝʭʦʣ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʛʠʜʨʦʢʩʠʙʝʥʟʦʡʥʳʝ ʢʠʩʣʦʪʳ ʠ ʢʘʪʝʭʦʣ 

ʷʚʣʷʶʪʩʷ ʧʨʦʤʝʞʫʪʦʯʥʳʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ ʧʨʠ ʤʠʢʨʦʙʥʦʤ ʨʘʟʣʦʞʝʥʠʠ 

ʭʣʦʨʙʝʥʟʦʡʥʳʭ ʢʠʩʣʦʪ (Loffler et al., 2003).  

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʟʚʦʣʷʶʪ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʧʨʠ ʨʘʟʣʦʞʝʥʠʠ 

ʩʤʝʩʠ ʛʠʜʨʦʢʩʠ-, ʤʝʪʦʢʩʠ- ʠ ʘʤʠʥʦʵʪʦʢʩʠ-ʇʍɹ ʰʪʘʤʤʦʤ R. wratislaviensis 

ʂʊ112-7 ʩʦʝʜʠʥʝʥʠʷ, ʪʦʢʩʠʯʥʳʝ ʜʣʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʥʝ ʥʘʢʘʧʣʠʚʘʶʪʩʷ. 

 

5.5.2. ɹʘʢʪʝʨʠʘʣʴʥʦʝ ʨʘʟʣʦʞʝʥʠʝ ʩʤʝʩʠ GA ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʇɸɺ 

ɺ ʣʠʪʝʨʘʪʫʨʝ ʦʪʩʫʪʩʪʚʫʶʪ ʩʚʝʜʝʥʠʷ ʦ ʧʨʠʤʝʥʝʥʠʠ ʇɸɺ 

ʜʣʷ ʵʤʫʣʴʛʠʨʦʚʘʥʠʷ (ʩʫʩʧʝʥʜʠʨʦʚʘʥʠʷ) ʧʨʦʠʟʚʦʜʥʳʭ ʇʍɹ ʚ ʚʦʜʝ, ʘ ʜʘʥʥʳʝ, 

ʢʘʩʘʶʱʠʝʩʷ ʧʝʨʝʚʦʜʘ ʩʘʤʠʭ ʇʍɹ ʚ ʚʦʜʥʳʝ ʩʨʝʜʳ, ʜʦʩʪʘʪʦʯʥʦ ʦʙʰʠʨʥʳ. 

ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʢʦʤʤʝʨʯʝʩʢʠ ʜʦʩʪʫʧʥʳʭ ʇɸɺ. 

ʇʨʠ ʵʪʦʤ ʧʨʠʦʨʠʪʝʪʥʦʝ ʤʝʩʪʦ ʩʨʝʜʠ ʠʦʥʦʛʝʥʥʳʭ ʠ ʥʝʠʦʥʦʛʝʥʥʳʭ ʇɸɺ 

ʥʝ ʫʩʪʘʥʦʚʣʝʥʦ, ʘ ʠʩʧʦʣʴʟʫʝʤʳʝ ʢʦʣʠʯʝʩʪʚʘ ʇɸɺ (ʧʦ ʤʘʩʩʝ) ʚʩʝʛʜʘ ʙʦʣʝʝ 

ʚʳʩʦʢʠʝ (ʥʘ 1-2 ʧʦʨʷʜʢʘ), ʯʝʤ ʢʦʣʠʯʝʩʪʚʘ ʇʍɹ, ʧʦʜʚʝʨʛʰʠʭʩʷ ʧʦʩʣʝʜʫʶʱʝʡ 

ʙʠʦʜʝʛʨʘʜʘʮʠʠ. 

ɺ ʠʩʩʣʝʜʦʚʘʥʠʠ (Billingsley et al., 2002) ʧʦʢʘʟʘʥʦ, ʯʪʦ ʠʦʥʦʛʝʥʥʳʝ ʇɸɺ 

(ʘʣʢʠʣ(ʘʣʢʠʣʝʥ)ʩʫʣʴʬʦʥʘʪʳ ʥʘʪʨʠʷ: Hostapur SAS 60, Nansa LSS 38/AS) 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʥʝʠʦʥʦʛʝʥʥʳʤʠ ((ʘʣʢʠʣʬʝʥʦʢʩʠ)ʧʦʣʠʵʪʦʢʩʠʵʪʘʥʦʣʳ: Igepal 

CO-630, Igepal CO-080; ʩʣʦʞʥʳʝ ʵʬʠʨʳ ʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ: Sorbax PMO-20 

ʠ ʜʨ.), ʭʫʞʝ ʚʳʤʳʚʘʶʪ ʢʦʥʛʝʥʝʨʳ ʇʍɹ ʠʟ ʧʦʯʚʳ, ʥʦ ʩʧʦʩʦʙʩʪʚʫʶʪ ʠʭ 

ʙʦʣʴʰʝʡ ʙʠʦʜʝʛʨʘʜʘʮʠʠ. ɺ ʨʘʙʦʪʝ (Rojas-Avelizapa et al., 2000) ʫʩʪʘʥʦʚʣʝʥʦ, 
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ʯʪʦ ʠʟ ʪʨʝʭ ʥʝʠʦʥʦʛʝʥʥʳʭ ʇɸɺ ʥʘʠʙʦʣʴʰʠʤ ʵʬʬʝʢʪʦʤ ʜʣʷ ʮʝʣʝʡ 

ʙʠʦʜʝʩʪʨʫʢʮʠʠ ʇʍɹ ʦʙʣʘʜʘʝʪ Tween 80 

(ʤʦʥʦʦʣʝʘʪ(ʧʦʣʠʵʪʦʢʩʠʵʪʘʥʦʣ)ʩʦʨʙʠʪʦʣʘ) ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ Tergitol NP ʠ Triton 

X-100 (ʘʥʘʣʦʛʠ Igepal). 

ɼʣʷ ʩʦʟʜʘʥʠʷ ʩʪʘʙʠʣʴʥʦʡ ʵʤʫʣʴʩʠʠ ʧʨʦʠʟʚʦʜʥʳʭ ʇʍɹ, ʚʭʦʜʷʱʠʭ 

ʚ ʩʦʩʪʘʚ ʩʤʝʩʠ GA, ʚ ʚʦʜʝ ʠʩʧʦʣʴʟʦʚʘʥʳ ʢʦʤʤʝʨʯʝʩʢʠʝ ʇɸɺ: ʩʫʣʴʬʦʥʦʣ ʠ 

Berol LFG 61 (ʩʦʦʪʥʦʰʝʥʠʝ 1:2.5 ʧʦ ʤʘʩʩʝ). ʇʨʠ ʵʪʦʤ ʩʤʝʩʴ ʇɸɺ ʧʦ ʤʘʩʩʝ 

ʧʨʝʚʦʩʭʦʜʠʪ ʩʤʝʩʴ GA ʚ 8.2 ʨʘʟʘ, ʘ ʧʦʣʫʯʝʥʥʘʷ ʩʪʘʙʠʣʴʥʘʷ ʵʤʫʣʴʩʠʷ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʣʝʛʢʘ ʤʫʪʥʫʶ ʞʠʜʢʦʩʪʴ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʘʟʣʦʞʝʥʠʷ ʧʦʣʫʯʝʥʥʦʡ ʵʤʫʣʴʩʠʠ ʰʪʘʤʤʦʤ 

R. wratislaviensis ʂʊ112-7 ʢʦʥʮʝʥʪʨʘʮʠʷ ʩʤʝʩʠ GA ʚ ʢʫʣʴʪʫʨʘʣʴʥʦʡ ʩʨʝʜʝ 

ʧʦʥʠʟʠʣʘʩʴ ʥʘ 85% ʟʘ 14 ʩʫʪ (ʨʠʩʫʥʦʢ 54).  

 

ʈʠʩʫʥʦʢ 53 ï ɼʠʥʘʤʠʢʘ ʨʘʟʣʦʞʝʥʠʷ ʩʤʝʩʠ GA ʚ ʩʣʫʯʘʝ ʧʨʠʤʝʥʝʥʠʷ 

ʇɸɺ ʰʪʘʤʤʦʤ R. wratislaviensis ʂʊ112-7 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʦʠʩʭʦʜʠʪ ʨʘʟʣʦʞʝʥʠʝ ʥʝ ʪʦʣʴʢʦ ʩʤʝʩʠ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʇʍɹ, ʥʦ ʪʘʢʞʝ ʠ ʧʨʠʩʫʪʩʪʚʫʶʱʠʭ ʇɸɺ. ɼʠʥʘʤʠʢʘ 

ʫʙʳʣʠ ʩʤʝʰʘʥʥʦʛʦ ʇɸɺ ʦʧʠʩʳʚʘʝʪʩʷ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʡ ʢʨʠʚʦʡ (ʚʝʣʠʯʠʥʘ 

ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʘʧʧʨʦʢʩʠʤʘʮʠʠ 0.94), ʪʦʛʜʘ ʢʘʢ ʜʠʥʘʤʠʢʘ ʫʙʳʣʠ ʩʤʝʩʠ GA 

ʥʦʩʠʪ ʣʠʥʝʡʥʳʡ ʭʘʨʘʢʪʝʨ (ʚʝʣʠʯʠʥʘ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʘʧʧʨʦʢʩʠʤʘʮʠʠ 0.99). 
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ɺʝʨʦʷʪʥʦ, ʠʟʤʝʥʝʥʠʝ ʪʝʥʜʝʥʮʠʠ ʫʙʳʣʠ ʠʩʩʣʝʜʫʝʤʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩʚʷʟʘʥʦ ʩ 

ʧʦʷʚʣʝʥʠʝʤ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʫʛʣʝʨʦʜʘ ʜʣʷ ʙʘʢʪʝʨʠʘʣʴʥʳʭ ʢʣʝʪʦʢ 

ʚ ʚʠʜʝ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʵʤʫʣʴʩʠʠ ʇɸɺ. ʇʨʠ ʵʪʦʤ ʩʢʦʨʦʩʪʴ ʜʝʩʪʨʫʢʮʠʠ ʇɸɺ 

ʰʪʘʤʤʦʤ R. wratislaviensis ʂʊ112-7 ʩʦʩʪʘʚʣʷʣʘ 0.09 ʤʛĿʤʣĿʩʫʪ-1, ʯʪʦ ʥʘ 

ʧʦʨʷʜʦʢ ʚʳʰʝ ʩʢʦʨʦʩʪʠ ʜʝʩʪʨʫʢʮʠʠ ʩʤʝʩʠ GA ʚ ʩʦʩʪʘʚʝ ʵʤʫʣʴʩʠʠ 

(0.009 ʤʛĿʤʣĿʩʫʪ-1). ʇʦʣʫʯʝʥʥʳʡ ʨʝʟʫʣʴʪʘʪ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ 

ʠʩʧʦʣʴʟʦʚʘʥʥʘʷ ʚ ʢʘʯʝʩʪʚʝ ʇɸɺ ʩʤʝʩʴ ʩʫʣʴʬʦʥʦʣʘ ʠ Berol LFG 61 ʜʣʷ 

ʰʪʘʤʤʘ R. wratislaviensis ʂʊ112-7 ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ ʜʦʩʪʫʧʥʳʤ ʩʫʙʩʪʨʘʪʦʤ, ʯʝʤ 

ʩʤʝʩʴ ʛʠʜʨʦʢʩʠ-, ʘʤʠʥʦʵʪʦʢʩʠ- ʠ ʛʠʜʨʦʢʩʠ-ʘʤʠʥʦʵʪʦʢʩʠ-ʇʍɹ. 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʧʨʠʩʫʪʩʪʚʠʝ ʚ ʩʨʝʜʝ ʇɸɺ ʤʘʨʢʠ Triton X-100 ʦʢʘʟʳʚʘʝʪ 

ʥʝʛʘʪʠʚʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʢʘʢ ʥʘ ʜʝʩʪʨʫʢʪʠʚʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʢ ʇʍɹ ʰʪʘʤʤʦʚ 

B. xenovorans LB400, R. eutropha H850 ʠ Rhodococcus globerulus ʄɺ1, ʪʘʢ ʠ 

ʥʘ ʩʢʦʨʦʩʪʴ ʠʭ ʨʦʩʪʘ (Viney et al., 1990). ɺ ʥʘʰʝʤ ʩʣʫʯʘʝ, ʪʦʨʤʦʞʝʥʠʝ 

ʧʨʦʮʝʩʩʦʚ ʙʠʦʜʝʩʪʨʫʢʮʠʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʇʍɹ ʦʙʫʩʣʦʚʣʝʥʦ, ʚʝʨʦʷʪʥʦ, 

ʥʠʟʢʦʡ ʘʢʪʠʚʘʮʠʝʡ ʬʝʨʤʝʥʪʘʪʠʚʥʳʭ ʩʠʩʪʝʤ, ʦʪʚʝʪʩʪʚʝʥʥʳʭ ʟʘ ʨʘʟʣʦʞʝʥʠʝ 

ʇʍɹ ʠ ʠʭ ʧʨʦʠʟʚʦʜʥʳʭ, ʚ ʩʚʷʟʠ ʩ ʤʦʱʥʦʡ ʘʢʪʠʚʘʮʠʝʡ ʬʝʨʤʝʥʪʘʪʠʚʥʦʛʦ 

ʧʦʪʝʥʮʠʘʣʘ ʰʪʘʤʤʘ R. wratislaviensis ʂʊ112-7 ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʩʤʝʩʠ ʇɸɺ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠʤʝʥʝʥʠʝ ʜʚʫʭ ʧʦʜʭʦʜʦʚ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ 

ʇɸɺ ʚʦʟʤʦʞʥʦ ʚ ʧʨʦʮʝʩʩʘʭ ʙʘʢʪʝʨʠʘʣʴʥʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʇʍɹ, ʦʜʥʘʢʦ ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʜʝʩʪʨʫʢʮʠʠ 

ʦʪʤʝʯʝʥʳ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʇɸɺ. 

 

5.5.3. ɹʠʦʜʝʩʪʨʫʢʮʠʷ ʩʤʝʩʠ GA ʚ ʫʩʣʦʚʠʷʭ ʟʘʩʦʣʝʥʠʷ 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʰʪʘʤʤ R. wratislaviensis ʂʊ112-7 ʦʩʫʱʝʩʪʚʣʷʝʪ 

ʪʨʘʥʩʬʦʨʤʘʮʠʶ ʩʤʝʩʠ GA ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʚ ʩʨʝʜʝ 60 ʛ/ʣ NaCl (ʨʠʩʫʥʦʢ 55). 

ɼʝʩʪʨʫʢʮʠʷ ʩʤʝʩʠ ʟʘ 6 ʩʫʪʦʢ ʩʦʩʪʘʚʠʣʘ 73.8% (ʨʠʩʫʥʦʢ 55), ʯʪʦ ʥʘ 5% ʥʠʞʝ, 

ʯʝʤ ʘʥʘʣʦʛʠʯʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʚ ʫʩʣʦʚʠʷʭ ʦʪʩʫʪʩʪʚʠʷ ʟʘʩʦʣʝʥʠʷ ʩʨʝʜʳ. 

ʈʷʜʦʤ ʨʘʙʦʪ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʦʚʳʰʝʥʠʝ ʫʨʦʚʥʷ ʟʘʩʦʣʝʥʥʦʩʪʠ ʩʨʝʜʳ ʥʝʛʘʪʠʚʥʦ 

ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʜʝʛʨʘʜʘʪʠʚʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʘʵʨʦʙʥʳʭ ʰʪʘʤʤʦʚ (ʇʣʦʪʥʠʢʦʚʘ ʠ 
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ʜʨ., 2006; ɽʛʦʨʦʚʘ ʠ ʜʨ., 2018; Margesin, 2001). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʫʯʝʥʥʳʡ 

ʨʝʟʫʣʴʪʘʪ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʠʟʚʝʩʪʥʦʡ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴʶ. 

 

ʈʠʩʫʥʦʢ 55 ï ɼʠʥʘʤʠʢʘ ʨʘʟʣʦʞʝʥʠʷ ʩʤʝʩʠ GA ʰʪʘʤʤʦʤ 

R. wratislaviensis ʂʊ112-7 ʚ ʧʨʠʩʫʪʩʪʚʠʠ 60 ʛ/ʣ NaCl: 1 ï ʠʟʤʝʥʝʥʠʝ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʤʝʩʠ ʚ ʢʫʣʴʪʫʨʘʣʴʥʦʡ ʩʨʝʜʝ, 2 ï ʫʨʦʚʝʥʴ ʜʝʩʪʨʫʢʮʠʠ 

 

ɼʠʥʘʤʠʢʘ ʫʙʳʣʠ ʩʤʝʩʠ GA ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʢʫʣʴʪʫʨʳ ʰʪʘʤʤʘ ʂʊ112-7 

ʠʤʝʝʪ ʚʠʜ ʚʦʛʥʫʪʦʡ ʢʨʠʚʦʡ ʠ ʦʧʠʩʳʚʘʝʪʩʷ ʩʪʝʧʝʥʥʳʤ ʫʨʘʚʥʝʥʠʝʤ  

y = -0.0043x3 + 0.042x2 ï 0.1542x + 0.47, 

c ʚʝʣʠʯʠʥʦʡ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʘʧʧʨʦʢʩʠʤʘʮʠʠ R2=1.0 

ʇʨʠ ʦʪʩʫʪʩʪʚʠʠ ʩʦʣʝʚʦʛʦ ʩʪʨʝʩʩʘ, ʭʘʨʘʢʪʝʨ ʢʨʠʚʦʡ, ʦʧʠʩʳʚʘʶʱʝʡ 

ʫʙʳʣɹ ʜʘʥʥʦʡ ʩʤʝʩʠ ʰʪʘʤʤʦʤ ʂʊ112-7, ʠʤʝʝʪ ʘʥʘʣʦʛʠʯʥʳʡ ʚʠʜ ʠ 

ʦʧʠʩʳʚʘʝʪʩʷ ʪʘʢʞʝ ʫʨʘʚʥʝʥʠʝʤ ʪʨʝʪʴʝʡ ʩʪʝʧʝʥʠ (ʩʤ. ʨʘʟʜʝʣ 5.5.1.). ɸʥʘʣʠʟ 

ʢʠʥʝʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʜʝʩʪʨʫʢʮʠʠ ʩʤʝʩʠ GA ʧʦʢʘʟʘʣ, ʯʪʦ ʧʨʠ 

ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 6% ʭʣʦʨʠʜʘ ʥʘʪʨʠʷ ʩʢʦʨʦʩʪʴ ʜʝʩʪʨʫʢʮʠʠ 

ʩʦʩʪʘʚʠʣʘ 0.056 ʤʛĿʣĿʩʫʪ-1, ʪʦʛʜʘ ʢʘʢ ʧʨʠ ʨʘʟʣʦʞʝʥʠʠ ʚ ʠʟʦʪʦʥʠʯʝʩʢʠʭ 

ʫʩʣʦʚʠʷʭ ʜʘʥʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʚ ʧʝʨʝʩʯʝʪʝ ʟʘ ʧʝʨʚʳʝ 6 ʩʫʪʦʢ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ 

ʩʦʩʪʘʚʣʷʣ 0.067 ʤʛĿʣĿʩʫʪ-1. ʇʦ-ʚʠʜʠʤʦʤʫ, ʛʠʧʝʨʪʦʥʠʯʝʩʢʘʷ ʩʨʝʜʘ ʦʢʘʟʳʚʘʝʪ 

ʚʣʠʷʥʠʝ ʥʘ ʘʢʪʠʚʥʦʩʪʴ ʬʝʨʤʝʥʪʦʚ ʜʝʩʪʨʫʢʮʠʠ. 
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ʄʝʪʦʜʘʤʠ ɻʍ-ʇʀɼ ʠ ɻʍ-ʄʉ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʰʪʘʤʤ R. wratislaviensis 

ʂʊ112-7 ʨʘʟʣʘʛʘʝʪ ʚʩʝ ʩʦʝʜʠʥʝʥʠʷ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʩʤʝʩʠ GA, ʘ ʠʤʝʥʥʦ 

ʪʝʪʨʘ- ʠ ʧʝʥʪʘʭʣʦʨʙʠʬʝʥʠʣʳ, ʛʠʜʨʦʢʩʠʧʦʣʠʭʣʦʨ-ʙʠʬʝʥʠʣʳ, 

ʘʤʠʥʦʵʪʦʢʩʠʧʦʣʠʭʣʦʨʙʠʬʝʥʠʣʳ ʠ ʛʠʜʨʦʢʩʠʘʤʠʥʦʵʪʦʢʩʠʧʦʣʠʭʣʦʨʙʠʬʝʥʠʣʳ. 

ʈʘʥʝʝ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʨʘʟʣʦʞʝʥʠʠ ʜʘʥʥʦʡ ʩʤʝʩʠ ʚ ʠʟʦʪʦʥʠʯʝʩʢʠʭ 

ʫʩʣʦʚʠʷʭ ʰʪʘʤʤ ʂʊ112-7 ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʪʨʘʥʩʬʦʨʤʠʨʫʝʪ ʧʨʦʠʟʚʦʜʥʳʝ 

ʇʍɹ ʩ ʘʤʠʥʦʵʪʦʢʩʠʛʨʫʧʧʦʡ (ʩʤ. ʨʘʟʜʝʣ 5.5.1.). ʆʜʥʘʢʦ ʧʨʠ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ 

ʚ ʛʠʧʝʨʪʦʥʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʧʦʜʦʙʥʦʡ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʥʝ ʚʳʷʚʣʝʥʦ. 

ʆʩʥʦʚʥʫʶ ʜʦʣʶ ʩʤʝʩʠ GA ʩʦʩʪʘʚʣʷʶʪ ʛʠʜʨʦʢʩʠʣʠʨʦʚʘʥʥʳʝ 

ʧʦʣʠʭʣʦʨʠʨʦʚʘʥʥʳʝ ʙʠʬʝʥʠʣʳ (ʇʨʠʣʦʞʝʥʠʝ 4, ʪʘʙʣʠʮʘ 40). ɸʥʘʣʠʟ ʧʨʦʬʠʣʷ 

ʭʨʦʤʘʪʦʛʨʘʤʤ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʰʪʘʤʤ R. wratislaviensis ʂʊ112-7 ʧʨʦʷʚʣʷʝʪ 

ʨʘʟʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʢ ʛʠʜʨʦʢʩʠʣʠʨʦʚʘʥʥʳʤ ʪʨʠ-, ʪʝʪʨʘ- ʠ ʧʝʥʪʘ-

ʭʣʦʨʙʠʬʝʥʠʣʘʤ. ʇʨʠ ʵʪʦʤ ʥʘ ʜʦʩʪʫʧʥʦʩʪʴ ʩʫʙʩʪʨʘʪʘ ʚʣʠʷʝʪ, ʧʦ-ʚʠʜʠʤʦʤʫ, 

ʥʝ ʪʦʣʴʢʦ ʢʦʣʠʯʝʩʪʚʦ ʘʪʦʤʦʚ ʭʣʦʨʘ ʚ ʤʦʣʝʢʫʣʝ ʛʠʜʨʦʢʩʠ-ʇʍɹ, ʥʦ ʠ ʠʭ 

ʨʘʩʧʦʣʦʞʝʥʠʝ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʰʪʘʤʤʳ B. xenovorans LB400 ʠ Comamonas 

testosteroni B-356 ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʝʝ ʦʢʠʩʣʷʶʪ ʛʠʜʨʦʢʩʠʭʣʦʨʙʠʬʝʥʠʣʳ, 

ʩʦʜʝʨʞʘʱʠʝ ʟʘʤʝʩʪʠʪʝʣʝʡ ʚ ʦʜʥʦʤ ʢʦʣʴʮʝ ʤʦʣʝʢʫʣʳ (Francova et al., 2004; 

Mackova et al., 2007). ʐʪʘʤʤ B. xenovorans LB400 ʵʬʬʝʢʪʠʚʥʦ ʨʘʟʣʘʛʘʝʪ 

ʤʦʥʦ-ʭʣʦʨʠʨʦʚʘʥʥʳʝ ʛʠʜʨʦʢʩʠʙʠʬʝʥʠʣʳ, ʧʨʦʷʚʣʷʝʪ ʤʝʥʴʰʫʶ ʘʢʪʠʚʥʦʩʪʴ 

ʚ ʦʪʥʦʰʝʥʠʠ ʜʠʭʣʦʨʠʨʦʚʘʥʥʳʭ ʤʦʥʦʛʠʜʨʦʢʩʠʙʠʬʝʥʠʣʦʚ, ʠ ʥʝ 

ʪʨʘʥʩʬʦʨʤʠʨʫʝʪ ʪʨʠʭʣʦʨʠʨʦʚʘʥʥʳʝ ʤʦʥʦʛʠʜʨʦʢʩʠʙʠʬʝʥʠʣʳ (Tehrani et al., 

2012, 2014). ɸʥʘʣʦʛʠʯʥʘʷ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ ʦʪʤʝʯʝʥʘ ʜʣʷ ʰʪʘʤʤʘ 

Sphingomonas sp. N-9, ʦʜʥʘʢʦ ʜʘʥʥʳʡ ʰʪʘʤʤ ʧʨʦʷʚʣʷʣ ʚʳʩʦʢʫʶ 

ʬʝʨʤʝʥʪʘʪʠʚʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʢ (ʤʦʥʦ-ʪʝʪʨʘ)ʭʣʦʨʠʨʦʚʘʥʥʳʤ 

ʤʦʥʦʛʠʜʨʦʢʩʠʙʠʬʝʥʠʣʘʤ, ʠ ʚ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʣ ʧʝʥʪʘ- ʠ 

ʛʝʢʩʘ-ʭʣʦʨʠʨʦʚʘʥʥʳʝ ʤʦʥʦʛʠʜʨʦʢʩʠʙʠʬʝʥʠʣʳ (Mizukami-Murata et al., 2016). 

ʈʘʩʧʦʣʦʞʝʥʠʝ ʛʠʜʨʦʢʩʠ-ʛʨʫʧʧʳ ʪʘʢʞʝ ʚʣʠʷʝʪ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʙʘʢʪʝʨʠʘʣʴʥʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʛʠʜʨʦʢʩʠ-ʇʍɹ. ɺ ʨʘʙʦʪʝ Bhalla ʩ ʢʦʣʣʝʛʘʤʠ 

(2016) ʧʦʢʘʟʘʥʦ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʪʦʢʩʠʯʥʳʤʠ ʷʚʣʷʶʪʩʷ ʜʠ- ʠ ʪʨʠ-
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ʭʣʦʨʠʨʦʚʘʥʥʳʝ ʛʠʜʨʦʢʩʠʙʠʬʝʥʠʣʳ, ʩʦʜʝʨʞʘʱʠʝ ʛʠʜʨʦʢʩʠ-ʛʨʫʧʧʫ ʚʦ ʚʪʦʨʦʤ 

ʠʣʠ ʯʝʪʚʝʨʪʦʤ ʧʦʣʦʞʝʥʠʠ ʥʘ ʢʦʣʴʮʝ ʤʦʣʝʢʫʣʳ ʙʠʬʝʥʠʣʘ.  

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʰʪʘʤʤ R. wratislaviensis ʂʊ112-7 ʦʩʫʱʝʩʪʚʣʷʝʪ 

ʨʘʟʣʦʞʝʥʠʝ ʢʦʤʧʦʥʝʥʪʦʚ ʩʤʝʩʠ GA ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʢʣʘʩʩʠʯʝʩʢʠʭ 

ʤʝʪʘʙʦʣʠʪʦʚ ʙʘʢʪʝʨʠʘʣʴʥʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʇʍɹ ʢʘʢ ʚ ʫʩʣʦʚʠʷʭ ʟʘʩʦʣʝʥʠʷ, 

ʪʘʢ ʠ ʚ ʠʟʦʪʦʥʠʯʝʩʢʦʡ ʩʨʝʜʝ (ʨʠʩʫʥʦʢ 56). 

 

ʈʠʩʫʥʦʢ 56 ï ʍʨʦʤʘʪʦʛʨʘʤʤʘ (ʫʩʣʦʚʠʷ ɺʕɾʍ) ʩʤʝʩʠ 

ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʧʨʦʜʫʢʪʦʚ, ʦʙʨʘʟʦʚʘʚʰʠʭʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʙʘʢʪʝʨʠʘʣʴʥʦʡ ʜʝʩʪʨʫʢʮʠʠ ʩʤʝʩʠ GA ʰʪʘʤʤʦʤ R. wratislaviensis ʂʊ112-7 

ʚ ʫʩʣʦʚʠʷʭ ʟʘʩʦʣʝʥʠʷ ʠ ʚ ʠʟʦʪʦʥʠʯʝʩʢʦʡ ʩʨʝʜʝ: 0 ʩʫʪ (I), 2 ʩʫʪ (II), 6 ʩʫʪ 

(III ): 1 ï ʢʘʪʝʭʦʣ, 2 ï ʛʠʜʨʦʢʩʠʙʝʥʟʦʡʥʘʷ ʢʠʩʣʦʪʘ, 3 ï ʤʦʥʦ-ʭʣʦʨʙʝʥʟʦʡʥʳʝ 

ʢʠʩʣʦʪʳ, 4 ï ʜʠ-ʭʣʦʨʙʝʥʟʦʡʥʳʝ ʢʠʩʣʦʪʳ, 5 ï ʪʨʠ-ʭʣʦʨʙʝʥʟʦʡʥʳʝ ʢʠʩʣʦʪʳ 

ʇʨʠ ʵʪʦʤ, ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʚ ʩʨʝʜʝ 60 ʛ/ʣ ʭʣʦʨʠʜʘ ʥʘʪʨʠʷ ʭʣʦʨ- ʠ 

ʛʠʜʨʦʢʩʠʙʝʥʟʦʡʥʳʝ ʢʠʩʣʦʪʳ ʥʘʢʘʧʣʠʚʘʶʪʩʷ ʚ ʙʦʣʴʰʝʤ ʢʦʣʠʯʝʩʪʚʝ, ʯʝʤ ʚ 

ʠʟʦʪʦʥʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ. ʆʜʥʘʢʦ, ʥʘʣʠʯʠʝ ʛʠʜʨʦʢʩʠʙʝʥʟʦʡʥʳʭ ʢʠʩʣʦʪ, 

ʷʚʣʷʶʱʠʭʩʷ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘʤʠ ʩʦʝʜʠʥʝʥʠʡ ʦʩʥʦʚʥʦʛʦ ʦʙʤʝʥʘ ʢʣʝʪʢʠ, 

ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʧʨʠ ʨʘʟʣʦʞʝʥʠʠ ʩʤʝʩʠ GA, ʩʦʜʝʨʞʘʱʝʡ 

ʛʠʜʨʦʢʩʠ- ʠ ʘʤʠʥʦʵʪʦʢʩʠ-ʧʦʣʠʭʣʦʨʠʨʦʚʘʥʥʳʝ ʙʠʬʝʥʠʣʳ, ʰʪʘʤʤʦʤ 
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R. wratislaviensis ʂʊ112-7 ʥʝ ʧʨʦʠʩʭʦʜʠʪ ʥʘʢʦʧʣʝʥʠʷ ʦʧʘʩʥʳʭ ʜʣʷ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʩʦʝʜʠʥʝʥʠʡ ʜʘʞʝ ʚ ʫʩʣʦʚʠʷʭ ʟʘʩʦʣʝʥʠʷ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ 

ʦʙ ʵʬʬʝʢʪʠʚʥʦʡ ʜʝʩʪʨʫʢʮʠʠ ʩʤʝʩʠ GA, ʩʦʜʝʨʞʘʱʝʡ ʪʝʪʨʘ- ʠ ʧʝʥʪʘ-ʍɹ, 

ʅʆ-ʇʍɹ, ʘʤʠʥʦʵʪʦʢʩʠ-ʇʍɹ ʠ ʛʠʜʨʦʢʩʠʘʤʠʥʦʵʪʦʢʩʠ-ʇʍɹ, ʰʪʘʤʤʦʤ 

R. wratislaviensis ʂʊ112-7 ʚ ʫʩʣʦʚʠʷʭ ʟʘʩʦʣʝʥʠʷ, ʠ ʧʦʟʚʦʣʷʶʪ ʨʝʢʦʤʝʥʜʦʚʘʪʴ 

ʜʘʥʥʳʡ ʰʪʘʤʤ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʨʘʟʨʘʙʦʪʢʘʭ ʙʠʦʪʝʭʥʦʣʦʛʠʡ, 

ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʫʥʠʯʪʦʞʝʥʠʝ ʧʦʣʠʭʣʦʨʠʨʦʚʘʥʥʳʭ ʙʠʬʝʥʠʣʦʚ ʠ ʠʭ 

ʧʨʦʠʟʚʦʜʥʳʭ ʚ ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʷʭ ʩʨʝʜʳ. 

 

5.6. ɼʝʩʪʨʫʢʮʠʷ ʩʤʝʩʝʡ ʛʠʜʨʦʢʩʠ-ʧʦʣʠʭʣʦʨʙʠʬʝʥʠʣʦʚ ʰʪʘʤʤʘʤʠ 

R. wratislaviensis ʂʊ112-7 ʠ R. ruber P25 

5.6.1. ʆʩʦʙʝʥʥʦʩʪʠ ʨʘʟʣʦʞʝʥʠʷ ʩʤʝʩʝʡ ʛʠʜʨʦʢʩʠ-ʇʍɹ, ʧʦʣʫʯʝʥʥʳʭ ʥʘ 

ʦʩʥʦʚʝ ʇʍɹ 29 ʠ ʇʍɹ 30 

ɼʣʷ ʙʦʣʝʝ ʧʦʜʨʦʙʥʦʛʦ ʠʟʫʯʝʥʠʷ ʙʠʦʜʝʛʨʘʜʘʪʠʚʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ 

ʰʪʘʤʤʦʚ R. wratislaviensis ʂʊ112-7 ʠ R. ruber P25 ʧʦ ʦʪʥʦʰʝʥʠʶ 

ʢ ʛʠʜʨʦʢʩʠʣʠʨʦʚʘʥʥʳʤ ʭʣʦʨʙʠʬʝʥʠʣʘʤ, ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩʤʝʩʠ ʩ ʨʘʟʣʠʯʥʳʤ 

ʢʦʣʠʯʝʩʪʚʝʥʥʳʤ ʠ ʢʘʯʝʩʪʚʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʅʆ-ʇʍɹ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʭʠʤʠʯʝʩʢʦʡ ʤʦʜʠʬʠʢʘʮʠʠ ʠʟ ʇʍɹ 29 

(2,4,5-ʪʨʠʭʣʦʨʙʠʬʝʥʠʣ) ʧʦʣʫʯʝʥʘ ʩʤʝʩʴ ʄ1, ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ 2-ʛʠʜʨʦʢʩʠ-4,5-

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

ʜʠʭʣʦʨʙʠʬʝʥʠʣʦʤ, ʘ ʠʟ ʇʍɹ 30 (2,4,6-ʪʨʠʭʣʦʨʙʠʬʝʥʠʣ) ï ʩʤʝʩʴ ʄ2, 

ʩʦʜʝʨʞʘʱʘʷ 2-ʛʠʜʨʦʢʩʠ-4,6-ʜʠʭʣʦʨʙʠʬʝʥʠʣ ʠ 4-ʛʠʜʨʦʢʩʠ-2,6-

ʜʠʭʣʦʨʙʠʬʝʥʠʣ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫ ʚʩʝʭ ʢʦʥʛʝʥʝʨʦʚ ʩʤʝʩʝʡ ʄ1 ʠ ʄ2 ʦʜʥʦ ʠʟ 

ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʢʦʣʝʮ ʤʦʣʝʢʫʣʳ ʙʠʬʝʥʠʣʘ ʥʝ ʩʦʜʝʨʞʠʪ ʟʘʤʝʩʪʠʪʝʣʝʡ. 

ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʙʠʦʜʝʩʪʨʫʢʮʠʠ ʩʤʝʩʝʡ ʄ1 ʠ ʄ2 ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʰʪʘʤʤʳ ʂʊ-112-7 ʠ ʈ25 ʦʩʫʱʝʩʪʚʣʷʶʪ 100%-ʥʦʝ ʨʘʟʣʦʞʝʥʠʝ 100 ʤʛ/ʣ ʩʤʝʩʠ 

ʄ1 ʟʘ 10 ʩʫʪ, ʘ ʄ2 ï ʟʘ 14 ʩʫʪ (ʨʠʩʫʥʦʢ 57). 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʇʍɹ ʚ ʧʨʦʮʝʩʩʝ ʘʵʨʦʙʥʦʡ ʙʘʢʪʝʨʠʘʣʴʥʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ 

ʧʦʜʚʝʨʛʘʶʪʩʷ ʦʢʠʩʣʠʪʝʣʴʥʦʡ ʜʝʛʨʘʜʘʮʠʠ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʬʝʨʤʝʥʪʦʚ ʢʣʘʩʩʘ 
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ʦʢʩʠʛʝʥʘʟ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʢʘʪʝʭʦʣ-ʧʦʜʦʙʥʳʭ ʩʦʝʜʠʥʝʥʠʡ (çʚʝʨʭʥʠʡè ʧʫʪʴ) 

(ʨʠʩʫʥʦʢ 3) (Furukawa, Fujihara, 2008). ʆʯʝʚʠʜʥʦ, ʯʪʦ ʜʣʷ ʢʦʥʛʝʥʝʨʦʚ 

ʅʆ-ʇʍɹ ʚʭʦʜʷʱʠʭ ʚ ʩʦʩʪʘʚ ʩʤʝʩʝʡ ʄ1 ʠ ʄ2, ʥʘʠʙʦʣʝʝ ʫʜʦʙʥʳʤ 

ʩʪʨʫʢʪʫʨʥʳʤ ʬʨʘʛʤʝʥʪʦʤ ʜʣʷ ʘʪʘʢʠ ʜʠʦʢʩʠʛʝʥʘʟʳ ʷʚʣʷʝʪʩʷ ʥʝʟʘʤʝʱʝʥʥʳʡ 

ʘʨʦʤʘʪʠʯʝʩʢʠʡ ʮʠʢʣ (ʨʠʩʫʥʦʢ 23). ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʢʠʩʣʝʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ 

ʩʤʝʩʝʡ ʄ1 ʠ ʄ2 ʧʦ ʥʝʟʘʤʝʱʝʥʥʦʤʫ ʢʦʣʴʮʫ, ʩ ʜʘʣʴʥʝʡʰʝʡ ʪʨʘʥʩʬʦʨʤʘʮʠʝʡ 

ʧʦ çʚʝʨʭʥʝʤʫè ʧʫʪʠ ʦʙʨʘʟʫʶʪʩʷ ʛʠʜʨʦʢʩʠʣʠʨʦʚʘʥʥʳʝ ʭʣʦʨʙʝʥʟʦʡʥʳʝ 

ʢʠʩʣʦʪʳ. 

ʘ)                                                                ʙ) 

 

ʈʠʩʫʥʦʢ 57 ï ɻʨʘʬʠʢʠ ʟʘʚʠʩʠʤʦʩʪʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʤʝʩʝʡ ʄ1 (ʘ) ʠ 

ʄ2 (ʙ) ʦʪ ʚʨʝʤʝʥʠ ʙʠʦʜʝʩʪʨʫʢʮʠʠ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʰʪʘʤʤʦʚ ʂʊ112-7 (1) ʠ 

ʈ25 (2) 

 

ʇʨʠ ɺʕɾʍ-ʘʥʘʣʠʟʝ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʦʩʥʦʚʥʳʤʠ ʤʝʪʘʙʦʣʠʪʘʤʠ ʩʤʝʩʝʡ 

ʄ1 ʠ ʄ2 ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʰʪʘʤʤʦʚ R. wratislaviensis ʂʊ112-7 ʠ R. ruber P25, 

ʷʚʣʷʶʪʩʷ ʛʠʜʨʦʢʩʠ-ʜʠʭʣʦʨʙʝʥʟʦʡʥʳʝ ʢʠʩʣʦʪʳ (ʅʆ-ʜʠʍɹʂ): 

¶ ʩʤʝʩʴ ʄ1 ï 2-ʅʆ-4,5-ʜʠCl-ɹʂ, 4-ʅʆ-2,5-ʜʠCl-ɹʂ, 3-ʅʆ-4,6-ʜʠCl-ɹʂ; 

¶ ʩʤʝʩʴ ʄ2 ï 2-ʅʆ-4,6-ʜʠCl-ɹʂ, 4-ʅʆ-2,6-ʜʠCl-ɹʂ. 

ɸʥʘʣʠʟ ʜʠʥʘʤʠʢʠ ʠʟʤʝʥʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʨʦʜʫʢʪʦʚ ʨʘʟʣʦʞʝʥʠʷ 

ʩʤʝʩʝʡ ʄ1 ʠ ʄ2 ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ, ʯʪʦ ʰʪʘʤʤʳ R. wratislaviensis ʂʊ112-7 ʠ 

R. ruber P25 ʩʧʦʩʦʙʥʳ ʦʩʫʱʝʩʪʚʣʷʪʴ ʜʝʩʪʨʫʢʮʠʶ ʤʦʥʦʛʠʜʨʦʢʩʠ-

ʜʠʭʣʦʨʙʝʥʟʦʡʥʳʭ ʢʠʩʣʦʪ (ʨʠʩʫʥʦʢ 58). ʈʘʥʝʝ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʛʝʥʦʤʝ ʰʪʘʤʤʘ 
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ʂʊ112-7 ʧʨʠʩʫʪʩʚʫʶʪ ʛʝʥʳ, ʢʦʜʠʨʫʶʱʠʝ ʬʝʨʤʝʥʪʳ ʜʝʩʪʨʫʢʮʠʠ 

ʛʠʜʨʦʢʩʠʣʠʨʦʚʘʥʥʳʭ ʠ ʭʣʦʨʠʨʦʚʘʥʥʳʭ ʙʝʥʟʦʡʥʳʭ ʢʠʩʣʦʪ (ʩʤ. ʛʣʘʚʫ 4.4, 

ʪʘʙʣʠʮʘ 12). ɸʥʘʣʠʟ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʠ ʬʝʨʤʝʥʪʥʦʛʦ ʧʨʦʬʠʣʷ ʰʪʘʤʤʘ ʈ25, ʘ 

ʪʘʢʞʝ ʨʦʩʪʦʚʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʠ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʥʘ ʛʠʜʨʦʢʩʠ- ʠ 

ʭʣʦʨʙʝʥʟʦʡʥʳʭ ʢʠʩʣʦʪʘʭ ʧʦʢʘʟʘʣ, ʯʪʦ ʰʪʘʤʤ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʫʥʠʢʘʣʴʥʳʤ 

ʩʦʯʝʪʘʥʠʝʤ ʛʝʥʦʚ/ʬʝʨʤʝʥʪʦʚ, ʦʙʫʩʣʦʚʣʠʚʘʶʱʠʤ ʨʘʟʣʦʞʝʥʠʝ ʜʘʥʥʳʭ ʚʝʱʝʩʪʚ 

ʜʦ ʩʦʝʜʠʥʝʥʠʡ ʦʩʥʦʚʥʦʛʦ ʦʙʤʝʥʘ ʢʣʝʪʢʠ (ʩʤ. ʨʘʟʜʝʣ 4.4.1). 

ʘ)                                                                     ʙ) 

  

ʈʠʩʫʥʦʢ 58 ï ʂʦʥʮʝʥʪʨʘʮʠʷ ʛʠʜʨʦʢʩʠ-ʜʠʭʣʦʨʙʝʥʟʦʡʥʳʭ ʢʠʩʣʦʪ ʧʨʠ 

ʙʠʦʜʝʩʪʨʫʢʮʠʠ ʩʤʝʩʠ ʄ1 (a) ʠ ʩʤʝʩʠ ʄ2 (ʙ) ʰʪʘʤʤʘʤʠ R. wratislaviensis 

ʂʊ112-7 (1) ʠ R. ruber ʈ25 (2) 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʰʪʘʤʤʳ R. wratislaviensis ʂʊ112-7 ʠ R. ruber P25 

ʵʬʬʝʢʪʠʚʥʦ ʨʘʟʣʘʛʘʶʪ ʩʤʝʩʠ, ʩʦʜʝʨʞʘʱʠʝ ʚ ʩʚʦʝʤ ʩʦʩʪʘʚʝ 2 ʠʣʠ 3 ʢʦʥʛʝʥʝʨʘ 

ʤʦʥʦʛʠʜʨʦʢʩʠ-ʜʠʭʣʦʨʙʠʬʝʥʠʣʦʚ. ʇʨʠ ʵʪʦʤ ʙʠʦʢʦʥʚʝʨʩʠʷ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ 

ʫʪʠʣʠʟʘʮʠʝʡ ʦʙʨʘʟʫʶʱʠʭʩʷ ʤʝʪʘʙʦʣʠʪʦʚ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʜʝʩʪʨʫʢʮʠʠ ʩʤʝʩʝʡ ʄ1 ʠ ʄ2 ʚʳʰʝ, ʯʝʤ ʇʍɹ 29 ʠ ʇʍɹ 30, ʥʘ 

ʦʩʥʦʚʝ ʢʦʪʦʨʳʭ ʧʦʣʫʯʝʥʳ ʩʤʝʩʠ (ʪʘʙʣʠʮʘ 4). ʄʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ 

ʟʘʤʝʥʘ ʦʜʥʦʛʦ ʘʪʦʤʘ ʭʣʦʨʘ ʥʘ ʛʠʜʨʦʢʩʠ-ʛʨʫʧʧʫ ʧʨʠʚʦʜʠʪ ʢ ʧʦʚʳʰʝʥʠʶ 

ʙʠʦʜʦʩʪʫʧʥʦʩʪʠ ʜʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. 
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5.6.2. ʈʘʟʣʦʞʝʥʠʝ ʩʤʝʩʠ ʅʆ-ʇʍɹ, ʧʦʣʫʯʝʥʥʦʡ ʥʘ ʦʩʥʦʚʝ 

ʢʦʤʤʝʨʯʝʩʢʦʡ ʩʤʝʩʠ ʇʍɹ ʤʘʨʢʠ ʊʨʠʭʣʦʨʙʠʬʝʥʠʣ 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦ ʨʘʟʣʦʞʝʥʠʶ ʛʠʜʨʦʢʩʠʣʠʨʦʚʘʥʥʳʭ 

ʭʣʦʨʙʠʬʝʥʠʣʦʚ ʧʦʟʚʦʣʠʣʠ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʛʠʜʨʦʢʩʠʣʠʨʦʚʘʥʠʝ 

ʢʦʥʛʝʥʝʨʦʚ, ʚʭʦʜʷʱʠʭ ʚ ʢʦʤʤʝʨʯʝʩʢʠʝ ʩʤʝʩʠ ʇʍɹ, ʙʫʜʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ 

ʧʦʚʳʰʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʫʥʠʯʪʦʞʝʥʠʷ ʜʘʥʥʳʭ ʩʤʝʩʝʡ. ʅʘ ʦʩʥʦʚʝ 

ʢʦʤʤʝʨʯʝʩʢʦʡ ʩʤʝʩʠ ʇʍɹ ʤʘʨʢʠ ʊʨʠʭʣʦʨʙʠʬʝʥʠʣ (ʊʍɹ) ʧʦʣʫʯʝʥʘ ʩʤʝʩʴ 

ʛʠʜʨʦʢʩʠʣʠʨʦʚʘʥʥʳʭ ʇʍɹ (ʩʤʝʩʴ ʄ3), ʩʦʩʪʦʷʱʘʷ ʠʟ ʜʠʍɹ (12.8%), ʪʨʠʍɹ 

(7.7%), ʅʆ-ʜʠʍɹ (48.6%) ʠ ʅʆ-ʪʨʠʍɹ (30.9%) (ʇʨʠʣʦʞʝʥʠʝ 4, ʨʠʩʫʥʦʢ 83, 

ʪʘʙʣʠʮʘ 41). 

ʀʟʫʯʝʥʘ ʙʠʦʜʝʩʪʨʫʢʮʠʷ ʩʤʝʩʠ ʄ3 ʰʪʘʤʤʘʤʠ R. wratislaviensis ʂʊ112-7 

ʠ R. ruber P25 (ʨʠʩʫʥʦʢ 59).  

 

 

ʈʠʩʫʥʦʢ 59 ï ɼʠʥʘʤʠʢʘ ʠʟʤʝʥʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʤʝʩʠ ʄ3 ʧʦʜ 

ʜʝʡʩʪʚʠʝʤ ʙʘʢʪʝʨʠʘʣʴʥʳʭ ʰʪʘʤʤʦʚ ʂʊ112-7 (1) ʠ ʈ25 (2) 

 

ʐʪʘʤʤ R. wratislaviensis ʂʊ112-7 ʦʩʫʱʝʩʪʚʣʷʣ 100%-ʥʫʶ ʜʝʩʪʨʫʢʮʠʶ 

ʩʤʝʩʠ ʄ3 ʟʘ 14 ʩʫʪ. ʇʨʠ ʵʪʦʤ ʥʘʠʙʦʣʝʝ ʘʢʪʠʚʥʦ ʧʨʦʮʝʩʩ ʨʘʟʣʦʞʝʥʠʷ 

ʢʦʤʧʦʥʝʥʪʦʚ ʩʤʝʩʠ ʄ3 ʰʪʘʤʤʦʤ ʂʊ112-7 ʧʨʦʪʝʢʘʣ ʚ ʧʝʨʚʳʝ ʩʫʪʢʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘ. ʅʘʧʨʦʪʠʚ, ʚ ʘʥʘʣʦʛʠʯʥʳʭ ʫʩʣʦʚʠʷʭ ʰʪʘʤʤ ʈ25 ʧʨʦʷʚʣʷʣ ʙʦʣʝʝ 
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ʥʠʟʢʫ  ʁʜʝʛʨʘʜʘʪʠʚʥʫ  ʁʘʢʪʠʚʥʦʩʪʴ, ʦʩʪʘʚʣʷʷ ʯʝʨʝʟ 14 ʩʫʪ ʧʨʠʤʝʨʥʦ 2% ʩʤʝʩʠ 

ʄ3. ʅʘʠʙʦʣʝʝ ʘʢʪʠʚʥʦ ʧʨʦʮʝʩʩ ʨʘʟʣʦʞʝʥʠʷ ʩʤʝʩʠ ʄ3 ʫ ʦʙʦʠʭ ʰʪʘʤʤʦʚ 

ʧʨʦʪʝʢʘʣ ʚ ʧʝʨʚʳʝ ʪʨʦʝ ʩʫʪʦʢ ʠʥʢʫʙʘʮʠʠ (ʨʠʩʫʥʦʢ 59). ʀʩʧʦʣʴʟʦʚʘʥʥʳʝ 

ʤʝʪʦʜʳ ʘʥʘʣʠʟʘ ʥʝ ʧʦʟʚʦʣʷʶʪ ʫʩʪʘʥʦʚʠʪʴ ʦʩʦʙʝʥʥʦʩʪʠ ʪʨʘʥʩʬʦʨʤʘʮʠʠ 

ʦʪʜʝʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʚʭʦʜʷʱʠʭ ʚ ʩʦʩʪʘʚ ʩʤʝʩʠ ʄ3, ʠʟ-ʟʘ ʷʚʣʝʥʠʷ 

ʩʦʵʣʶʠʨʦʚʘʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʜʘʥʥʦʡ ʩʤʝʩʠ. 

ʇʨʠ ʘʥʘʣʠʟʝ ʤʝʪʦʜʦʤ ɺʕɾʍ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʳʭ 

ʧʨʦʜʫʢʪʦʚ ʨʘʟʣʦʞʝʥʠʷ ʩʤʝʩʠ ʄ3 ʚ ʩʨʝʜʝ ʘʢʢʫʤʫʣʠʨʫʶʪʩʷ (ʜʠ-ʪʨʠ)ʭʣʦʨ- ʠ 

ʛʠʜʨʦʢʩʠ-(ʜʠ-ʪʨʠ)ʭʣʦʨʙʝʥʟʦʡʥʳʝ ʢʠʩʣʦʪʳ. ʅʘ ʨʠʩʫʥʢʝ 60 ʧʦʢʘʟʘʥʦ 

ʠʟʤʝʥʝʥʠʝ ʦʙʨʘʟʦʚʘʥʠʷ (ʜʠ-ʪʨʠ)ʭʣʦʨ- ʠ ʛʠʜʨʦʢʩʠ-(ʜʠ-ʪʨʠ)ʭʣʦʨʙʝʥʟʦʡʥʳʭ 

ʢʠʩʣʦʪ ʜʣʷ ʢʘʞʜʦʛʦ ʰʪʘʤʤʘ-ʜʝʩʪʨʫʢʪʦʨʘ. ʇʨʠ ʵʪʦʤ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʚʦ ʚʩʝʭ 

ʩʣʫʯʘʷʭ ʜʦʤʠʥʠʨʫʝʪ ʦʙʨʘʟʦʚʘʥʠʝ ʧʦʣʠʭʣʦʨʙʝʥʟʦʡʥʳʭ ʢʠʩʣʦʪ. 

         ʘ)                                                            ʙ) 

   

ʈʠʩʫʥʦʢ 60 ï ʀʟʤʝʥʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ (ʜʠ-ʪʨʠ)ʭʣʦʨ- (1) ʠ 

ʛʠʜʨʦʢʩʠ(ʜʠ-ʪʨʠ)ʭʣʦʨʙʝʥʟʦʡʥʳʭ (2) ʢʠʩʣʦʪ ʚ ʧʨʦʮʝʩʩʝ ʜʝʩʪʨʫʢʮʠʠ ʩʤʝʩʠ 

ʄ3 ʰʪʘʤʤʘʤʠ ʂʊ112-7 (ʘ) ʠ ʈ25 (ʙ) 

 

ʀʟ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʰʪʘʤʤʳ 

ʂʊ112-7 ʠ ʈ25 ʨʘʟʣʘʛʘʶʪ ʚ ʩʤʝʩʠ ʄ3 ʥʝʧʨʦʨʝʘʛʠʨʦʚʘʚʰʠʝ ʇʍɹ ʙʦʣʝʝ 

ʘʢʪʠʚʥʦ, ʯʝʤ ʅʆ-ʇʍɹ. ʉ ʵʪʠʤ ʩʚʷʟʘʥʦ ʟʥʘʯʠʪʝʣʴʥʦʝ ʦʙʨʘʟʦʚʘʥʠʝ (ʜʠ-

ʪʨʠ)ʭʣʦʨʙʝʥʟʦʡʥʳʭ ʢʠʩʣʦʪ. ʊʘʢ ʢʘʢ ʜʦʣʷ ʅʆ-ʇʍɹ ʚ ʩʤʝʩʠ ʄ3 ʚʳʰʝ, ʯʝʤ 

ʜʦʣʷ ʥʝʧʨʦʨʝʘʛʠʨʦʚʘʚʰʠʭ ʇʍɹ, ʪʦ ʚʢʣʘʜ ʛʠʜʨʦʢʩʠ(ʜʠ-ʪʨʠ)ʭʣʦʨʙʝʥʟʦʡʥʳʭ 

ʢʠʩʣʦʪ ʢʘʢ ʤʝʪʘʙʦʣʠʪʦʚ ʪʘʢʞʝ ʜʦʣʞʝʥ ʙʳʪʴ ʟʥʘʯʠʪʝʣʴʥʳʤ. ʆʜʥʘʢʦ ʧʨʠ 

ʘʥʘʣʠʟʝ ʩʫʤʤʘʨʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʦʙʥʘʨʫʞʝʥʥʳʭ ʛʠʜʨʦʢʩʠ(ʜʠ-
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ʪʨʠ)ʭʣʦʨʙʝʥʟʦʡʥʳʭ ʢʠʩʣʦʪ ʙʳʣʦ ʥʠʞʝ, ʯʝʤ ʩʫʤʤʘʨʥʦʝ ʩʦʜʝʨʞʘʥʠʝ (ʜʠ-

ʪʨʠ)ʭʣʦʨʙʝʥʟʦʡʥʳʭ ʢʠʩʣʦʪ. ɼʘʥʥʳʡ ʬʘʢʪ, ʘ ʪʘʢʞʝ ʨʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ 

ʧʨʠ ʜʝʩʪʨʫʢʮʠʠ ʩʤʝʩʝʡ ʄ1 ʠ ʄ2 ʠ ʠʟʫʯʝʥʠʠ ʤʦʣʝʢʫʣʷʨʥʦ-ʛʝʥʝʪʠʯʝʩʢʠʭ 

ʦʩʦʙʝʥʥʦʩʪʝʡ ʜʘʥʥʳʭ ʰʪʘʤʤʦʚ (ʩʤ. ʛʣʘʚʫ 4), ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ 

ʰʪʘʤʤʳ ʂʊ112-7 ʠ ʈ25 ʩʧʦʩʦʙʥʳ ʦʩʫʱʝʩʪʚʣʷʪʴ ʨʘʟʣʦʞʝʥʠʝ 

ʛʠʜʨʦʢʩʠʣʠʨʦʚʘʥʥʳʭ ʭʣʦʨʙʝʥʟʦʡʥʳʭ ʢʠʩʣʦʪ. 

ɺ ʧʨʦʮʝʩʩʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʠʦʜʝʛʨʘʜʘʮʠʠ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʰʪʘʤʤʳ 

ʂʊ112-7 ʠ ʈ25 ʠʩʧʦʣʴʟʦʚʘʣʠ ʩʤʝʩʴ ʄ3 ʚ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ʫʛʣʝʨʦʜʘ 

(ʨʠʩʫʥʦʢ 61). ʇʨʠ ʵʪʦʤ ʧʨʦʮʝʩʩ ʙʠʦʨʘʟʣʦʞʝʥʠʷ ʩʤʝʩʠ ʄ3 ʩʦʧʨʦʚʦʞʜʘʣʩʷ 

ʚʳʜʝʣʝʥʠʝʤ ʚ ʩʨʝʜʫ ʠʦʥʦʚ ʭʣʦʨʘ: ʚ ʩʣʫʯʘʝ ʰʪʘʤʤʘ ʂʊ112-7 ʜʦ 6.8% ʦʪ 

ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʛʦ, ʘ ʚ ʩʣʫʯʘʝ ʰʪʘʤʤʘ ʈ25 ʜʦ 22.1% ʦʪ ʤʘʢʩʠʤʘʣʴʥʦ 

ʚʦʟʤʦʞʥʦʛʦ. 

 

ʈʠʩʫʥʦʢ 61 ï ɻʨʘʬʠʢʠ ʨʦʩʪʘ ʰʪʘʤʤʦʚ ʂʊ112-7 (1) ʠ ʈ25 (2) ʥʘ ʩʤʝʩʠ 

ʄ3. ɻʨʘʬʠʢ 3 ï ʢʦʥʪʨʦʣʴ ʙʝʟ ʚʥʝʩʝʥʠʷ ʩʤʝʩʠ ʄ3 

ʋʯʠʪʳʚʘʷ ʧʦʣʫʯʝʥʥʳʝ ʚ ʭʦʜʝ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʝʟʫʣʴʪʘʪʳ, 

ʘ ʪʘʢʞʝ ʠʟʚʝʩʪʥʳʝ ʨʘʥʝʝ (ʇʣʦʪʥʠʢʦʚʘ ʠ ʜʨ., 2012; Tehrani et al., 2012; 

Mizukami-Murata et al., 2016), ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʙʠʬʝʥʠʣ 2,3-

ʜʠʦʢʩʠʛʝʥʘʟʘ ʜʘʥʥʳʭ ʰʪʘʤʤʦʚ ʦʢʠʩʣʷʝʪ ʥʘʠʤʝʥʝʝ ʟʘʤʝʱʝʥʥʦʝ ʢʦʣʴʮʦ ʢʘʢ 

ʚ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʩʤʝʩʠ ʄ3 ʛʠʜʨʦʢʩʠʣʠʨʦʚʘʥʥʳʭ ʇʍɹ, ʪʘʢ ʠ 

ʚ ʧʨʠʩʫʪʩʪʚʫʶʱʠʭ ʥʝʧʨʦʨʝʘʛʠʨʦʚʘʚʰʠʭ ʢʦʥʛʝʥʝʨʘʭ ʇʍɹ (ʨʠʩʫʥʦʢ 3). 
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ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʤʝʪʘʙʦʣʠʪʦʚ ʩʤʝʩʠ ʄ3 ʘʢʢʫʤʫʣʷʮʠʷ ʚ ʩʨʝʜʝ ɻʆʌɼʂ 

ʥʝ ʦʙʥʘʨʫʞʝʥʘ. ʇʨʠ ʠʟʫʯʝʥʠʠ ʘʢʪʠʚʥʦʩʪʠ ʰʪʘʤʤʦʚ ʂʊ112-7 ʠ ʈ25 

ʢ ʠʥʜʠʚʠʜʫʘʣʴʥʳʤ ʢʦʥʛʝʥʝʨʘʤ ʇʍɹ ʙʳʣʦ ʟʘʬʠʢʩʠʨʦʚʘʥʦ ʥʘʢʦʧʣʝʥʠʝ ʚ ʩʨʝʜʝ 

ɻʆʌɼʂ ʚ ʩʣʫʯʘʝ ʜʝʩʪʨʫʢʮʠʠ ʜʠ- ʠ ʪʨʠʭʣʦʨʙʠʬʝʥʠʣʦʚ (ʪʘʙʣʠʮʳ 4ï6). ʆʜʥʘʢʦ 

ʧʨʠ ʨʘʟʣʦʞʝʥʠʠ ʩʤʝʩʝʡ ʄ1 ʠ ʄ2 (ʩʦʜʝʨʞʘʱʠʭ 3 ʠ 2 ʢʦʥʛʝʥʝʨʘ ʛʠʜʨʦʢʩʠ-

ʜʠʭʣʦʨʙʠʬʝʥʠʣʦʚ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ), ɻʆʌɼʂ ʥʝ ʦʙʥʘʨʫʞʠʚʘʣʘʩʴ. ʆʩʥʦʚʥʫʶ 

ʜʦʣʶ ʚ ʩʦʩʪʘʚʝ ʩʤʝʩʠ ʄ3 ʩʦʩʪʘʚʣʷʶʪ ʛʠʜʨʦʢʩʠʣʠʨʦʚʘʥʥʳʝ (ʜʠ-

ʪʨʠ)ʭʣʦʨʙʠʬʝʥʠʣʳ ï 79.5% (ʇʨʠʣʦʞʝʥʠʝ 4, ʪʘʙʣʠʮʘ 41). ʇʦ-ʚʠʜʠʤʦʤʫ, 

ʧʨʝʦʙʣʘʜʘʥʠʝ ʢʦʥʛʝʥʝʨʦʚ ʇʍɹ, ʩʦʜʝʨʞʘʱʠʭ ʚ ʩʦʩʪʘʚʝ ʤʦʣʝʢʫʣʳ ʦʜʥʫ 

ʛʠʜʨʦʢʩʠʣʴʥʫʶ ʛʨʫʧʧʫ, ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʢʦʦʨʜʠʥʠʨʦʚʘʥʥʦʤʫ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠ ʁ ʬʝʨʤʝʥʪʦʚ ʚʩʝʛʦ çʚʝʨʭʥʝʛʦè ʧʫʪʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʰʪʘʤʤʘʤ ʂʊ112-7 ʠ ʈ25 ʵʬʬʝʢʪʠʚʥʦ ʨʘʟʣʘʛʘʪʴ ʩʤʝʩʴ ʇʍɹ ʠ ʅʆ-ʇʍɹ 

ʙʝʟ ʥʘʢʦʧʣʝʥʠʷ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʧʨʦʜʫʢʪʦʚ. 

 

5.6.3. ʈʘʟʣʦʞʝʥʠʝ ʩʤʝʩʝʡ ʅʆ-ʇʍɹ, ʧʦʣʫʯʝʥʥʳʭ ʥʘ ʦʩʥʦʚʝ ʢʦʤʤʝʨʯʝʩʢʦʡ 

ʩʤʝʩʠ ʇʍɹ ʤʘʨʢʠ ʉʦʚʦʣ 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʭʠʤʠʯʝʩʢʦʡ ʤʦʜʠʬʠʢʘʮʠʠ ʢʦʤʤʝʨʯʝʩʢʦʡ ʩʤʝʩʠ ʇʍɹ 

ʤʘʨʢʠ ʉʦʚʦʣ ʧʦʣʫʯʝʥʳ ʩʤʝʩʠ G1, G2, G3, ʩʦʜʝʨʞʘʱʠʝ ʚ ʩʚʦʝʤ ʩʦʩʪʘʚʝ 

ʛʠʜʨʦʢʩʠʣʠʨʦʚʘʥʥʳʝ ʧʦʣʠʭʣʦʨʙʠʬʝʥʠʣʳ (95.8%, 83.2% ʠ 87.2% 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ), ʠ ʥʝʧʨʦʨʝʘʛʠʨʦʚʘʚʰʠʝ (ʪʨʠ-ʛʝʢʩʘ)-ʭʣʦʨʠʨʦʚʘʥʥʳʝ 

ʙʠʬʝʥʠʣʳ (ʇʨʠʣʦʞʝʥʠʝ 4, ʨʠʩʫʥʦʢ 84, ʪʘʙʣʠʮʘ 42). 

ʉʧʦʩʦʙʥʦʩʪʴ ʰʪʘʤʤʦʚ R. wratislaviensis ʂʊ112-7 ʠ R. ruber P25 

ʨʘʟʣʘʛʘʪʴ ʩʤʝʩʠ G1, G2 ʠ G3 ʠʟʫʯʘʣʠ ʧʨʠ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʰʪʘʤʤʦʚ 

ʚ ʤʠʥʝʨʘʣʴʥʦʡ ʩʨʝʜʝ ʂ1 (ʩʤ. ʨʘʟʜʝʣ 2.7) ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʩʤʝʩʴʶ G 

(100 ʤʛ/ʣ) ʙʝʟ ʚʥʝʩʝʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʫʛʣʝʨʦʜʘ (ʨʠʩʫʥʦʢ 62).  

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʟʘ 14 ʩʫʪʦʢ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ʰʪʘʤʤ ʂʊ112-7 

ʨʘʟʣʘʛʘʣ ʩʤʝʩʴ G1 ʥʘ 99.8%, ʩʤʝʩʴ G2 ï ʥʘ 100%, ʩʤʝʩʴ G3 ï ʥʘ 99.8%. 

ʐʪʘʤʤ ʈ25 ʧʨʦʷʚʣʷʣ ʙʦʣʴʰʫʶ ʘʢʪʠʚʥʦʩʪʴ ʢ ʩʤʝʩʠ G3 (100% ʜʝʩʪʨʫʢʮʠʷ 

ʟʘ 14 ʩʫʪ), ʥʦ ʤʝʥʝʝ ʘʢʪʠʚʥʦ ʨʘʟʣʘʛʘʣ ʩʤʝʩʠ G1 ʠ G2 (97.4% ʠ 98.1% 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʣʷ ʩʤʝʩʠ G1 ʩ ʤʘʢʩʠʤʘʣʴʥʳʤ  
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ʈʠʩʫʥʦʢ 62 ï  ʀʟʤʝʥʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʤʝʩʝʡ G ʧʨʠ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʥʘ ʥʠʭ ʰʪʘʤʤʦʚ ʂʊ112-7 ʠ ʈ25:                 

1 ï ʢʦʥʮʝʥʪʨʘʮʠʷ ʩʤʝʩʠ G ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʰʪʘʤʤʘ ʈ25, 2 ï ʢʦʥʮʝʥʪʨʘʮʠʷ ʩʤʝʩʠ G ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʰʪʘʤʤʘ ʂʊ112-7, 

3 ïʨʦʩʪ ʰʪʘʤʤʘ ʈ25, 4 ï ʨʦʩʪ ʰʪʘʤʤʘ ʂʊ112-7 
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ʩʦʜʝʨʞʘʥʠʝʤ ʅʆ-ʇʍɹ ʟʘ ʠʟʫʯʝʥʥʳʡ ʦʪʨʝʟʦʢ ʚʨʝʤʝʥʠ ʥʝ ʦʪʤʝʯʝʥʦ ʧʦʣʥʦʝ 

ʨʘʟʣʦʞʝʥʠʝ ʜʘʥʥʳʤʠ ʰʪʘʤʤʘʤʠ (ʨʠʩʫʥʦʢ 61). 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʰʪʘʤʤʳ ʂʊ112-7 ʠ ʈ25 ʠʩʧʦʣʴʟʦʚʘʣʠ ʩʤʝʩʠ G 

ʚ ʢʘʯʝʩʪʚʝ ʨʦʩʪʦʚʦʛʦ ʩʫʙʩʪʨʘʪʘ (ʨʠʩʫʥʦʢ 61). ʂʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʮʠʠ 

ʇʠʨʩʦʥʘ ʫʚʝʣʠʯʝʥʠʷ ʙʘʢʪʝʨʠʘʣʴʥʦʡ ʙʠʦʤʘʩʩʳ ʠ ʫʙʳʣʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʤʝʩʝʡ 

G1, G2 ʠ G3 ʩʦʩʪʘʚʠʣ 0.85ï0.94, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʠ 

ʢʦʨʨʝʣʷʮʠʦʥʥʦʡ  ʩʚʷʟʠ  ʜʘʥʥʳʭ  ʧʨʦʮʝʩʩʦʚ. ʋʯʠʪʳʚʘʷ, ʯʪʦ ʝʜʠʥʩʪʚʝʥʥʳʤ 

ʠʩʪʦʯʥʠʢʦʤ ʫʛʣʝʨʦʜʘ ʚ ʩʨʝʜʝ ʷʚʣʷʣʘʩʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʩʤʝʩʴ G, ʤʦʞʥʦ 

ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʰʪʘʤʤʳ ʠʩʧʦʣʴʟʫʶʪ ʩʦʝʜʠʥʝʥʠʷ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʩʤʝʩʷʭ, 

ʚ ʢʘʯʝʩʪʚʝ ʨʦʩʪʦʚʦʛʦ ʩʫʙʩʪʨʘʪʘ. 

ʉʢʦʨʦʩʪʴ ʨʦʩʪʘ ʰʪʘʤʤʦʚ ʙʳʣʘ ʥʝʚʳʩʦʢʘʷ (ʪʘʙʣʠʮʘ 24), ʯʪʦ 

ʦʙʫʩʣʦʚʣʝʥʦ ʪʨʫʜʥʦʜʦʩʪʫʧʥʦʩʪʴʶ ʩʫʙʩʪʨʘʪʘ. ʉʧʦʩʦʙʥʦʩʪʴ ʨʘʩʪʠ ʥʘ ʩʤʝʩʷʭ 

ʅʆ-ʇʍɹ, ʢʘʢ ʝʜʠʥʩʪʚʝʥʥʦʤ ʠʩʪʦʯʥʠʢʝ ʫʛʣʝʨʦʜʘ ʚ ʩʨʝʜʝ, ʜʣʷ ʘʵʨʦʙʥʳʭ 

ʙʘʢʪʝʨʠʘʣʴʥʳʭ ʰʪʘʤʤʦʚ ʦʧʠʩʘʥʘ ʚʧʝʨʚʳʝ. ʈʘʥʝʝ ʩʦʦʙʱʘʣʦʩʴ, ʯʪʦ ʰʪʘʤʤʳ 

ʩʧʦʩʦʙʥʳ ʵʬʬʝʢʪʠʚʥʦ ʨʘʟʣʘʛʘʪʴ ʅʆ-ʇʍɹ ʠ ʨʘʩʪʠ ʪʦʣʴʢʦ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʚ 

ʩʨʝʜʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʫʛʣʝʨʦʜʘ. ʊʘʢ, ʧʨʠ ʚʥʝʩʝʥʠʠ ʚ ʩʨʝʜʫ 0.05% 

ʜʨʦʞʞʝʚʦʛʦ ʵʢʩʪʨʘʢʪʘ ʠ ʦʜʥʦʛʦ ʠʟ ʅʆ-ʇʍɹ (4-ʛʠʜʨʦʢʩʠ-3-ʍɹ, 4-ʛʠʜʨʦʢʩʠ-

3,5-ʜʠʍɹ, 4-ʛʠʜʨʦʢʩʠ-2ô,3,4ô,6ô-ʪʝʪʨʘʍɹ) ʟʘʬʠʢʩʠʨʦʚʘʥʦ ʫʚʝʣʠʯʝʥʠʝ 

ʢʦʣʠʯʝʩʪʚʘ ʢʣʝʪʦʢ ʰʪʘʤʤʘ Sphingomonas sp. N-9 (Mizukami-Murata et al., 

2016). ʐʪʘʤʤ B. xenovorans LB400 ʵʬʬʝʢʪʠʚʥʦ ʨʘʟʣʘʛʘʣ ʦʪʜʝʣʴʥʳʝ 

ʛʠʜʨʦʢʩʠ-ʍɹ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʚ ʩʨʝʜʝ ʥʝʟʘʤʝʱʝʥʥʦʛʦ ʙʠʬʝʥʠʣʘ (770 ʤʛ/ʣ) ʠʣʠ 

ʩʫʢʮʠʥʘʪʘ (1180 ʤʛ/ʣ) (Tehrani et al., 2012). ɺ ʥʘʩʪʦʷʱʝʤ ʠʩʩʣʝʜʦʚʘʥʠʠ 

ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʰʪʘʤʤʘʤ ʂʊ112-7 ʠ ʈ25 ʥʝ ʪʨʝʙʫʝʪʩʷ ʢʦ-ʩʫʙʩʪʨʘʪ ʜʣʷ 

ʫʪʠʣʠʟʘʮʠʠ ʩʤʝʩʝʡ ʅʆ-ʇʍɹ. 

ʊʘʙʣʠʮʘ 24 ï ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʝʩʪʨʫʢʮʠʠ ʩʤʝʩʝʡ G ʰʪʘʤʤʘʤʠ 

R. wratislaviensis ʂʊ112-7 ʠ R. ruber P25 

ʐʪʘʤʤ ʋʜʝʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʨʦʩʪʘ (ɛ), ʩʫʪ-1 ʉʢʦʨʦʩʪʴ ʜʝʩʪʨʫʢʮʠʠ (Vt), ʤʛ ʣ ʩʫʪ
-1 

G1 G2 G3 G1 G2 G3 

KT112-7 0.002 0.006 0.058 0.106 0.126 0.136 

ʈ25 0.027 0.037 0.039 0.161 0.165 0.159 
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ɸʥʘʣʠʟ ʢʨʠʚʳʭ ʠʟʤʝʥʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʤʝʩʝʡ G ʧʦʜ ʜʝʡʩʪʚʠʝʤ 

ʙʘʢʪʝʨʠʘʣʴʥʳʭ ʰʪʘʤʤʦʚ ʧʦʢʘʟʘʣ, ʯʪʦ ʦʩʥʦʚʥʘʷ ʤʘʩʩʘ ʩʤʝʩʝʡ ʙʳʣʘ 

ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʥʘ ʚ ʧʝʨʚʳʝ 7 ʩʫʪʦʢ ʵʢʩʧʝʨʠʤʝʥʪʘ (ʨʠʩʫʥʦʢ 62), ʯʪʦ 

ʧʦʟʚʦʣʠʣʦ ʨʘʩʩʯʠʪʘʪʴ ʜʣʷ ʜʘʥʥʦʛʦ ʦʪʨʝʟʢʘ ʚʨʝʤʝʥʠ ʩʢʦʨʦʩʪʴ ʜʝʩʪʨʫʢʮʠʠ (V t) 

ʩʫʙʩʪʨʘʪʘ (ʪʘʙʣʠʮʘ 24). ʉʪʘʪʠʩʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ V t ʥʘʭʦʜʠʪʩʷ 

ʚ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʠ ʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʩʚʷʟʠ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʅʆ-ʇʍɹ ʚ ʩʦʩʪʘʚʝ 

ʩʤʝʩʠ ʜʣʷ ʚʩʝʭ ʰʪʘʤʤʦʚ (ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʮʠʠ 0.86ï0.99). 

ɼʣʷ ʠʟʚʝʩʪʥʳʭ ʰʪʘʤʤʦʚ-ʜʝʩʪʨʫʢʪʦʨʦʚ ʇʍɹ ʥʝ ʦʧʠʩʘʥʘ ʩʧʦʩʦʙʥʦʩʪʴ 

ʦʩʫʱʝʩʪʚʣʷʪʴ ʜʝʩʪʨʫʢʮʠʶ ʩʤʝʩʝʡ ʛʠʜʨʦʢʩʠʣʠʨʦʚʘʥʥʳʭ ʇʍɹ. ʆʜʥʘʢʦ ʧʨʠ 

ʠʩʩʣʝʜʦʚʘʥʠʠ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʅʆ-ʇʍɹ ʫʩʪʘʥʦʚʣʝʥʘ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ: ʥʘʣʠʯʠʝ ʦʜʥʦʡ ʛʠʜʨʦʢʩʠ-ʛʨʫʧʧʳ ʚ ʤʦʣʝʢʫʣʝ ʇʍɹ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʙʠʦʪʨʘʥʩʬʦʨʤʘʮʠʠ ʙʫʜʝʪ ʟʘʚʠʩʝʪʴ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʘʪʦʤʦʚ 

ʭʣʦʨʘ (Tehrani et al., 2012, 2014, Mizukami-Murata et al., 2016). ʐʪʘʤʤ 

Sphingomonas sp. N-9 ʵʬʬʝʢʪʠʚʥʦ ʨʘʟʣʘʛʘʣ ʤʦʥʦʛʠʜʨʦʢʩʠ-(ʤʦʥʦ-

ʪʝʪʨʘ)ʭʣʦʨʙʠʬʝʥʠʣʳ (23ï100%), ʥʦ ʧʨʦʷʚʣʷʣ ʩʣʘʙʫʶ ʜʝʛʨʘʜʘʪʠʚʥʫʶ 

ʘʢʪʠʚʥʦʩʪʴ ʢ ʤʦʥʦʛʠʜʨʦʢʩʠ-(ʧʝʥʪʘ-ʛʝʢʩʘ)ʭʣʦʨʙʠʬʝʥʠʣʘʤ (0ï11%). ʐʪʘʤʤ 

B. xenovorans LB400 ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦ ʨʘʟʣʘʛʘʣ ʤʦʥʦʛʠʜʨʦʢʩʠ ï(ʤʦʥʦ-

ʜʠ)ʭʣʦʨʙʠʬʝʥʠʣʳ (54ï100%), ʯʝʤ ʤʦʥʦʛʠʜʨʦʢʩʠ-(ʪʨʠ)ʭʣʦʨʙʠʬʝʥʠʣ (11ï18%) 

(Tehrani et al., 2014, Mizukami-Murata et al., 2016). ʐʪʘʤʤ P. testosteroni 

B-356 ʧʨʦʷʚʣʷʣ ʘʢʪʠʚʥʦʩʪʴ ʢ ʤʦʥʦʛʠʜʨʦʢʩʠ-ʤʦʥʦʭʣʦʨʠʨʦʚʘʥʥʳʤ ʙʠʬʝʥʠʣʘʤ 

(Sondossi et al., 1991). ɺ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʩʤʝʩʷʭ 

ʧʨʠʩʫʪʩʪʚʫʶʪ ʢʘʢ ʤʦʥʦ-, ʪʘʢ ʠ ʜʠʛʠʜʨʦʢʩʠ-ʟʘʤʝʱʝʥʥʳʝ ʭʣʦʨʙʠʬʝʥʠʣʳ, 

ʩʦʜʝʨʞʘʱʠʝ ʦʪ 3 ʜʦ 6 ʘʪʦʤʦʚ ʭʣʦʨʘ ʚ ʤʦʣʝʢʫʣʝ (ʇʨʠʣʦʞʝʥʠʝ 4, ʪʘʙʣʠʮʘ 42). 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʟʚʦʣʷʶʪ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʰʪʘʤʤʳ 

R. wratislaviensis ʂʊ112-7 ʠ R. ruber ʈ25 ʦʙʣʘʜʘʶʪ ʙʦʣʝʝ ʚʳʩʦʢʦʡ 

ʜʝʛʨʘʜʘʪʠʚʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʅʆ-ʇʍɹ, ʯʝʤ ʦʧʠʩʘʥʥʳʝ ʨʘʥʝʝ 

ʰʪʘʤʤʳ-ʜʝʩʪʨʫʢʪʦʨʳ. 

ʂʘʢ ʠʟʚʝʩʪʥʦ, ʙʠʬʝʥʠʣ 2,3-ʜʠʦʢʩʠʛʝʥʘʟʘ ʦʢʠʩʣʷʝʪ ʢʘʢ ʥʝʟʘʤʝʱʝʥʥʦʝ, 

ʪʘʢ ʠ ʟʘʤʝʱʝʥʥʦʝ ʢʦʣʴʮʦ ʤʦʣʝʢʫʣʳ ʇʍɹ (Parales, Resnick, 2006; Fukuda, 

2014; Agull· et al., 2019). ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʜʠʦʢʩʠʛʝʥʠʨʦʚʘʥʠʝ 
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ʩʫʙʩʪʨʘʪʘ ʧʨʦʠʩʭʦʜʠʪ ʧʦ 2 ʠ 3 ʫʛʣʝʨʦʜʥʳʤ ʘʪʦʤʘʤ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʤʝʪʘ-

ʨʘʩʱʝʧʣʝʥʠʝʤ ʤʝʞʜʫ 1 ʠ 2 ʫʛʣʝʨʦʜʥʳʤʠ ʘʪʦʤʘʤʠ ʦʢʠʩʣʝʥʥʦʛʦ ʢʦʣʴʮʘ 

(ʨʠʩʫʥʦʢ 3). ʆʙʨʘʟʫʶʱʘʷʩʷ ʧʨʠ ʵʪʦʤ ɻʆʌɼʂ ʤʦʞʝʪ ʙʳʪʴ ʟʘʬʠʢʩʠʨʦʚʘʥʘ ʧʨʠ 

ʠʟʤʝʨʝʥʠʠ ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ ʩʨʝʜʳ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ, ʦʩʚʦʙʦʞʜʝʥʥʦʡ 

ʦʪ ʢʣʝʪʦʢ. ɼʠʘʧʘʟʦʥ ʜʣʠʥ ʚʦʣʥ, ʧʨʠ ʢʦʪʦʨʳʭ ʧʨʦʠʩʭʦʜʠʪ ʤʘʢʩʠʤʘʣʴʥʦʝ 

ʧʦʛʣʦʱʝʥʠʝ ʥʝʢʦʪʦʨʳʤʠ ɻʆʌɼʂ, ʩʦʩʪʘʚʣʷʝʪ 393ï452 ʥʤ (ʪʘʙʣʠʮʘ 1) 

(Frankova et al., 2004; Fortin et al., 2005; Makova et al., 2007). ʆʜʥʘʢʦ, ʚ ʩʣʫʯʘʝ 

ʵʬʬʝʢʪʠʚʥʦʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʚʩʝʭ ʬʝʨʤʝʥʪʦʚ ʙʠʬʝʥʠʣʴʥʦʛʦ ʧʫʪʠ, 

ɻʆʌɼʂ ʥʝ ʥʘʢʘʧʣʠʚʘʝʪʩʷ, ʯʪʦ ʟʘʪʨʫʜʥʷʝʪ ʝʝ ʦʙʥʘʨʫʞʝʥʠʝ. ɺ ʥʘʩʪʦʷʱʝʤ 

ʠʩʩʣʝʜʦʚʘʥʠʠ ʧʨʠ ʨʘʟʣʦʞʝʥʠʠ ʩʤʝʩʠ G2 ʥʘʢʦʧʣʝʥʠʷ ɻʆʌɼʂ ʥʝ ʦʙʥʘʨʫʞʝʥʦ, 

ʥʦ ʟʘʬʠʢʩʠʨʦʚʘʥʦ ʥʘʢʦʧʣʝʥʠʝ ʜʘʥʥʦʛʦ ʤʝʪʘʙʦʣʠʪʘ ʧʨʠ ʨʘʟʣʦʞʝʥʠʠ ʩʤʝʩʠ G1 

ʰʪʘʤʤʦʤ R. ruber P25 (ʆʇ418 = 0.625) ʠ ʧʨʠ ʨʘʟʣʦʞʝʥʠʠ ʩʤʝʩʠ G3 ʰʪʘʤʤʦʤ 

R. wratislaviensis KT112-7 (ʆʇ390-400 = 0.06ï0.08). ʊʘʢ ʢʘʢ ʤʘʢʩʠʤʘʣʴʥʳʝ ʧʠʢʠ 

ʧʦʛʣʦʱʝʥʠʷ ʙʳʣʠ ʟʘʬʠʢʩʠʨʦʚʘʥʳ ʧʨʠ ʥʝʩʢʦʣʴʢʠʭ ʜʣʠʥʘʭ ʚʦʣʥ, ʤʦʞʥʦ 

ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʚ ʩʨʝʜʝ ʥʘʢʘʧʣʠʚʘʶʪʩʷ ɻʆʌɼʂ, ʦʙʨʘʟʫʶʱʠʝʩʷ ʧʨʠ 

ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʥʝʩʢʦʣʴʢʠʭ ʢʦʥʛʝʥʝʨʦʚ ʅʆ-ʇʍɹ, ʚʭʦʜʷʱʠʭ ʚ ʩʦʩʪʘʚ ʩʤʝʩʠ. 

ɺ ʨʘʙʦʪʘʭ (Francova et al., 2004, Makova et al., 2007) ʫʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ 

ʨʘʟʣʦʞʝʥʠʠ ʤʦʥʦʛʠʜʨʦʢʩʠ-(ʤʦʥʦ-ʜʠ)ʭʣʦʨʙʠʬʝʥʠʣʦʚ ʦʧʪʠʯʝʩʢʘʷ ʧʣʦʪʥʦʩʪʴ 

ɻʆʌɼʂ ʚ ʩʨʝʜʝ ʜʦʩʪʠʛʘʣʘ 0.386 ï 1.735 ʦ.ʝ. ʧʨʠ ʜʣʠʥʝ ʚʦʣʥʳ 448, 450 ʠ 

452 ʥʤ. ɺ ʥʘʩʪʦʷʱʝʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʢʦʣʠʯʝʩʪʚʦ ɻʆʌɼʂ, ʘʢʢʫʤʫʣʠʨʦʚʘʥʥʦʡ 

ʚ ʩʨʝʜʝ, ʤʝʥʴʰʝ, ʯʝʤ ʫ ʦʧʠʩʘʥʥʳʭ ʰʪʘʤʤʦʚ. ʈʘʟʣʠʯʠʷ ʚ ʜʣʠʥʝ ʚʦʣʥʳ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʧʦʛʣʦʱʝʥʠʷ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʦʙʨʘʟʦʚʘʥʠʠ ʩʦʝʜʠʥʝʥʠʡ, 

ʦʪʣʠʯʥʳʭ ʧʦ ʭʠʤʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʝ ʦʪ ʧʨʦʜʫʢʪʦʚ ʤʝʪʘ-ʨʘʩʱʝʧʣʝʥʠʷ ʤʦʥʦ- ʠ 

ʜʠʛʠʜʨʦʢʩʠ-ʭʣʦʨʙʠʬʝʥʠʣʦʚ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʨʘʙʦʪʘʭ (Frankova et al., 2004; 

Fortin et al., 2005; Makova et al., 2007). 

ʅʘʰʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʠ ʨʘʟʣʦʞʝʥʠʠ ʩʤʝʩʝʡ G, 

ʩʦʜʝʨʞʘʱʠʭ ʢʘʢ ʅʆ-ʇʍɹ, ʪʘʢ ʠ ʦʩʪʘʪʦʯʥʳʝ ʢʦʣʠʯʝʩʪʚʘ ʇʍɹ, ʰʪʘʤʤʘʤʠ ʨʦʜʘ 

Rhodococcus ʚ ʩʨʝʜʝ ʘʢʢʫʤʫʣʠʨʫʶʪʩʷ ʟʘʤʝʱʝʥʥʳʝ ʙʝʥʟʦʡʥʳʝ ʢʠʩʣʦʪʳ, 

ʢʘʪʝʭʦʣ ʠ ʭʣʦʨʢʘʪʝʭʦʣʳ, ʩʚʦʙʦʜʥʳʝ ʠʦʥʳ ʭʣʦʨʘ (ʪʘʙʣʠʮʘ 25).  
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ʆʩʥʦʚʥʳʤʠ ʧʨʦʜʫʢʪʘʤʠ ʙʘʢʪʝʨʠʘʣʴʥʦʡ ʜʝʩʪʨʫʢʮʠʠ ʇʍɹ ʠ ʅʆ-ʇʍɹ 

ʷʚʣʷʶʪʩʷ ʍɹʂ (Camara et al., 2004; Parales, Resnick, 2006; Fukuda, 2014; 

Tehrani et al., 2014; Agull· et al., 2019) (ʨʠʩʫʥʢʠ 3, 23ï28). ʋʩʪʘʥʦʚʣʝʥʦ, 

ʯʪʦ ʰʪʘʤʤʳ ʂʊ112-7 ʠ ʈ25 ʦʩʫʱʝʩʪʚʣʷʶʪ ʨʘʟʣʦʞʝʥʠʝ ʢʦʥʛʝʥʝʨʦʚ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʩʤʝʩʷʭ G, ʜʦ ʩʪʘʜʠʠ ʦʙʨʘʟʦʚʘʥʠʷ ʍɹʂ (ʪʘʙʣʠʮʘ 25).  

ʊʘʙʣʠʮʘ 25 ï ʄʝʪʘʙʦʣʠʪʳ, ʦʙʨʘʟʫʶʱʠʝʩʷ ʧʨʠ ʨʘʟʣʦʞʝʥʠʠ ʩʤʝʩʝʡ 

ʅʆ-ʇʍɹ ʰʪʘʤʤʘʤʠ R. wratislaviensis KT 112-7 ʠ R. ruber P25 

ʉʤʝʩʴ 

HO-ʇʍɹ 

ɺʨʝʤʷ, ʩʫʪ ×Cl-ɹʂ*, 

mg/l 

×HO-ɹʂ**, 

mg/l 

×ʢʘʪʝʭʦʣ+

ʭʣʦʨʢʘʪʝ-

ʭʦʣʳ***, 

mg/l 

Cl- 

ʤʛ/ʣ  % ʦʪ 

ʤʘʢʩʠʤʘʣʴʥʦ 

ʚʦʟʤʦʞʥʦʛʦ 

Rhodococcus wratislaviensis KT112-7 

G1 1 9.21 46.56 2.72 0.007 0.02 

 3 10.49 18.53 2.17 0.22 0.59 

 7 10.71 21.51 2.01 1.14 3.07 

G2 1 13.61 12.91 1.13 0.03 0.07 

 3 15.39 0.58 2.22 2.19 5.09 

 7 15.47 1.53 0.35 17.34 40.25 

G3 1 3.98 15.89 0.65 0.85 2.03 

 3 3.14 25.03 0.04 6.55 15.72 

 7 3.21 25.28 0.04 20.82 49.96 

Rhodococcus ruber P25 

G1 1 10.14 4.54 0.08 1.14 3.07 

 3 7.25 6.08 2.97 10.7 28.63 

 7 2.04 9.04 4.08 29.43 78.73 

G2 1 1.72 7.76 0.25 6.02 13.97 

 3 1.17 9.89 2.99 14.65 34.02 

 7 4.64 7.83 0.25 17.44 40.47 

G3 1 7.16 34.65 0.24 2.19 5.27 

 3 1.46 23.67 0.18 6.65 15.97 

 7 4.91 12.45 0.57 11.22 26.91 

*  ʚ ʪʘʙʣʠʮʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʫʤʤʘ ʢʦʥʮʝʥʪʨʘʮʠʡ ʚʩʝʭ ʚʳʷʚʣʝʥʥʳʭ ʍɹʂ   

** ʚ ʪʘʙʣʠʮʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʫʤʤʘ ʢʦʥʮʝʥʪʨʘʮʠʡ ʚʩʝʭ ʚʳʷʚʣʝʥʥʳʭ 

ʛʠʜʨʦʢʩʠʣʠʨʦʚʘʥʥʳʭ ʙʝʥʟʦʡʥʳʭ ʢʠʩʣʦʪ 

*** ʚ ʪʘʙʣʠʮʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʫʤʤʘ ʢʦʥʮʝʥʪʨʘʮʠʡ ʢʘʪʝʭʦʣʘ ʠ ʚʳʷʚʣʝʥʥʳʭ 

ʭʣʦʨʠʨʦʚʘʥʥʳʭ ʢʘʪʝʭʦʣʦʚ. 
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ʂʦʣʠʯʝʩʪʚʦ ʘʢʢʫʤʫʣʠʨʦʚʘʥʥʳʭ ʍɹʂ ʫ ʚʩʝʭ ʰʪʘʤʤʦʚ ʨʘʟʣʠʯʘʣʦʩʴ ʠ 

ʥʝ ʥʘʭʦʜʠʣʦʩʴ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʨʝʤʝʥʠ ʜʝʩʪʨʫʢʮʠʠ, ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʜʝʩʪʨʫʢʮʠʠ ʠ ʚʠʜʘ ʠʩʭʦʜʥʦʡ ʩʤʝʩʠ G. ʆʪʩʫʪʩʪʚʠʝ ʜʘʥʥʳʭ ʚʟʘʠʤʦʩʚʷʟʝʡ, 

ʘ ʪʘʢʞʝ ʚʳʩʢʘʟʘʥʥʦʝ ʨʘʥʝʝ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦʙ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʰʪʘʤʤʘʤʠ 

ʩʤʝʩʝʡ G ʚ ʢʘʯʝʩʪʚʝ ʨʦʩʪʦʚʦʛʦ ʩʫʙʩʪʨʘʪʘ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʚʦʟʤʦʞʥʦʩʪʠ 

ʜʘʣʴʥʝʡʰʝʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʦʙʨʘʟʫʶʱʠʭʩʷ ʍɹʂ. ʈʘʥʝʝ ʥʘʤʠ ʙʳʣʦ 

ʧʦʢʘʟʘʥʦ, ʯʪʦ ʰʪʘʤʤʳ R. wratislaviensis KT112-7 ʠ R. ruber P25 ʩʧʦʩʦʙʥʳ 

ʨʘʟʣʘʛʘʪʴ ʭʣʦʨʙʝʥʟʦʡʥʳʝ ʢʠʩʣʦʪʳ (ʩʤ. ʛʣʘʚʫ 4). 

ʈʘʟʣʦʞʝʥʠʝ ʍɹʂ ʘʵʨʦʙʥʳʤʠ ʙʘʢʪʝʨʠʘʣʴʥʳʤʠ ʰʪʘʤʤʘʤʠ ʤʦʞʝʪ 

ʧʨʦʪʝʢʘʪʴ ʯʝʨʝʟ ʩʪʘʜʠʠ ʦʙʨʘʟʦʚʘʥʠʷ ʛʠʜʨʦʢʩʠʣʠʨʦʚʘʥʥʳʭ ʙʝʥʟʦʡʥʳʭ ʢʠʩʣʦʪ 

ʠʣʠ ʯʝʨʝʟ ʦʙʨʘʟʦʚʘʥʠʝ ʢʘʪʝʭʦʣʘ/ʭʣʦʨʢʘʪʝʭʦʣʘ, ʧʨʠ ʵʪʦʤ ʚ ʧʨʦʮʝʩʩʝ 

ʤʝʪʘʙʦʣʠʟʤʘ ʤʦʞʝʪ ʙʳʪʴ ʟʘʜʝʡʩʪʚʦʚʘʥʦ ʥʝʩʢʦʣʴʢʦ ʬʝʨʤʝʥʪʥʳʭ ʩʠʩʪʝʤ 

(ʨʠʩʫʥʢʠ 7ï9) (Field, 2008, Solyanikova et al., 2015). ɺ ʥʘʩʪʦʷʱʝʤ 

ʠʩʩʣʝʜʦʚʘʥʠʠ ʚ ʢʫʣʴʪʫʨʘʣʴʥʦʡ ʩʨʝʜʝ ʟʘʬʠʢʩʠʨʦʚʘʥʦ ʧʨʠʩʫʪʩʪʚʠʝ ʢʘʢ 

ʛʠʜʨʦʢʩʠʙʝʥʟʦʡʥʳʭ ʢʠʩʣʦʪ, ʪʘʢ ʠ ʢʘʪʝʭʦʣʘ/(ʭʣʦʨ)ʢʘʪʝʭʦʣʦʚ (ʪʘʙʣʠʮʘ 25). 

ʂʦʥʮʝʥʪʨʘʮʠʷ ʛʠʜʨʦʢʩʠʙʝʥʟʦʡʥʳʭ ʢʠʩʣʦʪ ʚʦ ʚʩʝʭ ʩʣʫʯʘʷʭ ʚʳʰʝ, ʯʝʤ 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʟʘʬʠʢʩʠʨʦʚʘʥʥʳʭ (ʭʣʦʨ)ʢʘʪʝʭʦʣʦʚ ʠ ʢʘʪʝʭʦʣʘ. 

ʂʦʨʨʝʣʷʮʠʦʥʥʳʭ ʩʚʷʟʝʡ ʤʝʞʜʫ ʠʟʤʝʥʝʥʠʷʤʠ ʢʦʥʮʝʥʪʨʘʮʠʡ ʚʩʝʭ ʚʳʷʚʣʝʥʥʳʭ 

ʤʝʪʘʙʦʣʠʪʦʚ ʥʝ ʚʳʷʚʣʝʥʦ. ʈʘʥʝʝ ʥʘʤʠ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʨʘʟʣʦʞʝʥʠʠ ʙʝʥʟʦʡʥʦʡ 

ʢʠʩʣʦʪʳ ʠ ʝʝ ʟʘʤʝʱʝʥʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ, ʭʣʦʨʢʘʪʝʭʦʣʦʚ ʠ ʢʘʪʝʭʦʣʘ 

ʫ ʠʩʩʣʝʜʫʝʤʳʭ ʰʪʘʤʤʦʚ ʫʯʘʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʛʝʥʝʪʠʯʝʩʢʠʭ ʠ ʬʝʨʤʝʥʪʥʳʭ 

ʩʠʩʪʝʤ (ʩʤ. ʛʣʘʚʫ 4). ɺʝʨʦʷʪʥʦ, ʧʨʠ ʨʘʟʣʦʞʝʥʠʠ ʩʤʝʩʝʡ ʛʠʜʨʦʢʩʠ-ʇʍɹ, ʠ 

ʦʙʨʘʟʫʶʱʠʭʩʷ ʧʨʠ ʵʪʦʤ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʤʝʪʘʙʦʣʠʪʦʚ, ʘʢʪʠʚʠʨʫʶʪʩʷ ʚʩʝ 

ʠʤʝʶʱʠʝʩʷ ʩʠʩʪʝʤʳ, ʯʪʦ ʦʙʫʩʣʦʚʣʠʚʘʝʪ ʦʪʩʫʪʩʪʚʠʝ ʩʪʨʦʛʠʭ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ 

ʚʟʘʠʤʦʩʚʷʟʝʡ ʤʝʞʜʫ ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ ʤʝʪʘʙʦʣʠʪʦʚ ʚ ʩʨʝʜʝ ʧʨʠ 

ʙʠʦʜʝʩʪʨʫʢʮʠʠ ʩʤʝʩʝʡ G ʜʘʥʥʳʤʠ ʰʪʘʤʤʘʤʠ. 

ʊʘʢʞʝ ʚ ʩʨʝʜʝ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ʙʳʣʦ ʟʘʬʠʢʩʠʨʦʚʘʥʦ ʥʘʢʦʧʣʝʥʠʝ 

ʩʚʦʙʦʜʥʳʭ ʠʦʥʦʚ ʭʣʦʨʘ (ʪʘʙʣʠʮʘ 25). ʆʪʱʝʧʣʝʥʠʝ ʭʣʦʨʘ ʤʦʞʝʪ ʧʨʦʠʩʭʦʜʠʪʴ 

ʥʘ ʜʚʫʭ ʵʪʘʧʘʭ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʩʤʝʩʝʡ G: ʣʠʙʦ ʧʨʠ ʦʢʠʩʣʝʥʠʠ 

ʭʣʦʨʠʨʦʚʘʥʥʳʭ ʘʪʦʤʦʚ ʫʛʣʝʨʦʜʘ ʚ ʤʦʣʝʢʫʣʝ ʅʆ-ʇʍɹ, ʣʠʙʦ 
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ʧʨʠ ʧʦʩʣʝʜʫʶʱʝʤ ʦʢʠʩʣʝʥʠʠ ʭʣʦʨʙʝʥʟʦʡʥʦʡ ʢʠʩʣʦʪʳ ʠ/ʠʣʠ ʭʣʦʨʢʘʪʝʭʦʣʘ. 

ʈʘʟʜʝʣʠʪʴ ʵʪʠ ʜʚʘ ʧʨʦʮʝʩʩʘ ʚ ʥʘʩʪʦʷʱʝʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʥʝ ʧʨʝʜʩʪʘʚʣʷʣʦʩʴ 

ʚʦʟʤʦʞʥʳʤ. ʋʚʝʣʠʯʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠʦʥʦʚ ʭʣʦʨʘ ʚ ʩʨʝʜʝ ʧʦ ʤʝʨʝ 

ʫʚʝʣʠʯʝʥʠʷ ʧʝʨʠʦʜʘ ʜʝʩʪʨʫʢʮʠʠ ʙʳʣʦ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʦʙʦʠʭ ʰʪʘʤʤʦʚ. 

ʅʘʠʙʦʣʝʝ ʚʳʩʦʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʘʢʢʫʤʫʣʷʮʠʠ ʭʣʦʨʘ ʫʩʪʘʥʦʚʣʝʥʳ ʜʣʷ ʰʪʘʤʤʘ 

ʈ25 (ʪʘʙʣʠʮʘ 25). ʄʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʘʢʢʫʤʫʣʷʮʠʷ ʠʦʥʦʚ ʭʣʦʨʘ 

ʚ ʩʨʝʜʝ ʫ ʰʪʘʤʤʘ ʈ25 ʦʙʫʩʣʦʚʣʝʥʘ ʦʙʦʠʤʠ ʤʝʭʘʥʠʟʤʘʤʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʩʤʝʩʝʡ G ʰʪʘʤʤʘʤʠ R. wratislaviensis 

KT112-7 ʠ R. ruber P25 ʧʨʦʠʩʭʦʜʠʪ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʤʝʪʘʙʦʣʠʪʦʚ, 

ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʧʫʪʠ ʙʠʦʜʝʩʪʨʫʢʮʠʠ ʙʠʬʝʥʠʣʘ/ʇʍɹ, ʠ ʠʭ 

ʜʘʣʴʥʝʡʰʝʡ ʫʪʠʣʠʟʘʮʠʝʡ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʨʘʟʣʦʞʝʥʠʝ ʠʩʭʦʜʥʳʭ ʩʤʝʩʝʡ ʙʝʟ 

ʥʘʢʦʧʣʝʥʠʷ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʩʦʝʜʠʥʝʥʠʡ, ʩʧʦʩʦʙʥʳʭ ʦʢʘʟʳʚʘʪʴ 

ʥʝʛʘʪʠʚʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ. 

 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ 

ʨʘʟʣʦʞʝʥʠʶ ʭʠʤʠʯʝʩʢʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʇʍɹ ʘʵʨʦʙʥʳʤʠ 

ʙʘʢʪʝʨʠʘʣʴʥʳʤʠ ʰʪʘʤʤʘʤʠ, ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʭʠʤʠʯʝʩʢʘʷ ʤʦʜʠʬʠʢʘʮʠʷ 

ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʢʘʢ ʧʝʨʚʘʷ ʩʪʘʜʠʷ ʜʣʷ ʧʦʜʛʦʪʦʚʢʠ ʇʍɹ 

ʢ ʵʬʬʝʢʪʠʚʥʦʡ ʙʘʢʪʝʨʠʘʣʴʥʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ (ʪʘʙʣʠʮʘ 26). 

ʊʘʙʣʠʮʘ 26 ï ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʜʝʩʪʨʫʢʮʠʠ ʢʦʤʤʝʨʯʝʩʢʠʭ ʩʤʝʩʝʡ 

ʇʍɹ ʠ ʩʤʝʩʝʡ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʨʝʟʫʣʴʪʘʪʝ ʭʠʤʠʯʝʩʢʦʡ ʤʦʜʠʬʠʢʘʮʠʠ 

ʉʤʝʩʴ ʇʍɹ/ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ 

ʇʍɹ 

ʆʩʥʦʚʥʳʝ ʛʨʫʧʧʳ 

ʩʦʝʜʠʥʝʥʠʡ ʚ ʩʤʝʩʠ 

ʋʜʝʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʜʝʩʪʨʫʢʮʠʠ, 

ʩʫʪ-1 

R. wratislaviensis 

KT112-7 

R. ruber P25 

1 2 3 4 

ʊʨʠʭʣʦʨʙʠʬʝʥʠʣ ʇʍɹ 0.293 0.259 

ʉʦʚʦʣ ʇʍɹ 0.195 0.174 

ʉʤʝʩʠ, ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʤʦʜʠʬʠʢʘʮʠʠ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʢʦʥʛʝʥʝʨʦʚ 

ʄ1 ʅʆ-ʜʠʍɹ 0.461 0.328 

ʄ2 ʅʆ-ʜʠʍɹ 0.462 0.327 
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1 2 3 4 

ʉʤʝʩʴ, ʧʦʣʫʯʝʥʥʘʷ ʧʨʠ ʤʦʜʠʬʠʢʘʮʠʠ ʊʨʠʭʣʦʨʙʠʬʝʥʠʣʘ 

ʄ3 ʜʠʍɹ, ʪʨʠʍɹ,  

ʅʆ-ʜʠʍɹ, ʅʆ-ʪʨʠʍɹ 

0.427 0.271 

ʉʤʝʩʠ, ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʤʦʜʠʬʠʢʘʮʠʠ ʉʦʚʦʣʘ 

ʉ1 ʇʍɹ, ʅʆ-ʇʍɹ,  

ʇʍɹ-ʇʕɻ 

0.235 ï* 

ʉ2 ʇʍɹ, ʅʆ-ʇʍɹ,  

ʇʍɹ-ʇʕɻ 

0.289 ï 

GM ʅʆ-ʇʍɹ, ʄʝ-ʇʍɹ, 

ʄʝ,ʅʆ-ʇʍɹ 

0.265 ï 

GA ʇʍɹ, ʅʆ-ʇʍɹ,  

ɸʕ-ʇʍɹ, ʅʆ,ɸʕ-ʇʍɹ 

0.441 ï 

G1 ʇʍɹ, ʅʆ-ʇʍɹ,  

(ʅʆ)2-ʇʍɹ 

0.329 0.229 

G2 ʇʍɹ, ʅʆ-ʇʍɹ,  

(ʅʆ)2-ʇʍɹ 

0.361 0.230 

G3 ʇʍɹ, ʅʆ-ʇʍɹ, 

 (ʅʆ)2-ʇʍɹ 

0.379 0.215 

*ï ʘʢʪʠʚʥʦʩʪʴ ʰʪʘʤʤʘ ʈ25 ʚ ʦʪʥʦʰʝʥʠʠ ʜʘʥʥʳʭ ʩʤʝʩʝʡ ʥʝ ʠʩʩʣʝʜʦʚʘʣʘʩʴ. 

ʈʘʩʰʠʬʨʦʚʢʠ ʘʙʙʨʝʚʠʘʪʫʨ ʧʨʠʚʝʜʝʥʳ ʚ ʩʧʠʩʢʝ ʩʦʢʨʘʱʝʥʠʡ. ʇʨʦʮʝʥʪʥʦʝ ʩʦʜʝʨʞʘʥʠʝ 

ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʩʤʝʩʷʭ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʇʨʠʣʦʞʝʥʠʠ 4. 

 

ɺʚʝʜʝʥʠʝ ʚ ʤʦʣʝʢʫʣʫ ʇʍɹ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʛʨʫʧʧ ʚ ʢʘʯʝʩʪʚʝ 

ʟʘʤʝʩʪʠʪʝʣʝʡ ʧʨʠʚʦʜʠʣʦ ʢ ʧʦʚʳʰʝʥʠʶ ʫʜʝʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʜʝʩʪʨʫʢʮʠʠ 

ʩʤʝʩʝʡ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʇʍɹ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʘʥʥʳʤ ʧʦʢʘʟʘʪʝʣʝʤ 

ʜʣʷ ʢʦʤʤʝʨʯʝʩʢʠʭ ʩʤʝʩʝʡ ʇʍɹ. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʟʚʦʣʷʶʪ ʧʨʝʜʣʦʞʠʪʴ ʢʦʤʧʣʝʢʩʥʳʡ 

ʤʝʞʜʠʩʮʠʧʣʠʥʘʨʥʳʡ (ʭʠʤʠʢʦ-ʙʠʦʣʦʛʠʯʝʩʢʠʡ) ʤʝʪʦʜ, ʥʘʧʨʘʚʣʝʥʥʳʡ ʥʘ 

ʫʥʠʯʪʦʞʝʥʠʝ ʟʘʧʘʩʦʚ ʇʍɹ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʤʝʩʪʘʭ ʩʢʣʘʜʠʨʦʚʘʥʠʷ. ɼʘʥʥʳʡ 

ʤʝʪʦʜ ʧʨʝʜʧʦʣʘʛʘʝʪ ʜʚʝ ʩʪʘʜʠʠ: ʥʘ ʧʝʨʚʦʡ ʩʪʘʜʠʠ ʚ ʤʦʣʝʢʫʣʳ ʇʍɹ ʚʚʦʜʷʪʩʷ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʛʨʫʧʧʳ (ʛʠʜʨʦʢʩʠ-, ʤʝʪʦʢʩʠ-, ʧʦʣʠʵʪʠʣʝʥʛʣʠʢʦʣʦʢʩʠ-, 
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ʘʤʠʥʦʵʪʦʢʩʠ-), ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʩʪʝʧʝʥʠ ʭʣʦʨʠʨʦʚʘʥʠʷ ʠ 

ʧʦʚʳʰʝʥʠʶ ʛʠʜʨʦʬʠʣʴʥʦʩʪʠ ʇʍɹ; ʥʘ ʚʪʦʨʦʡ ʩʪʘʜʠʠ ʘʢʪʠʚʥʳʝ 

ʙʘʢʪʝʨʠʘʣʴʥʳʝ ʰʪʘʤʤʳ, ʚ ʯʘʩʪʥʦʩʪʠ R. wratislaviensis KT112-7 ʠ R ruber P25, 

ʦʩʫʱʝʩʪʚʣʷʶʪ ʨʘʟʣʦʞʝʥʠʝ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʇʍɹ ʜʦ ʩʦʝʜʠʥʝʥʠʡ 

ʦʩʥʦʚʥʦʛʦ ʦʙʤʝʥʘ ʢʣʝʪʢʠ. ʇʨʝʜʣʦʞʝʥʥʳʡ ʤʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʦʩʫʱʝʩʪʚʠʪʴ 

ʧʦʣʥʫʶ ʜʝʩʪʨʫʢʮʠʶ ʇʍɹ, ʙʝʟ ʚʳʜʝʣʝʥʠʷ ʚ ʩʨʝʜʫ ʪʦʢʩʠʯʥʳʭ ʚʝʱʝʩʪʚ. 
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ɻʃɸɺɸ 6. ɹɸʂʊɽʈʀʀ-ɼɽʉʊʈʋʂʊʆʈʓ ʇʍɹ ʂɸʂ ʆʉʅʆɺʅʓɽ 

ɸɻɽʅʊʓ ɺʆʉʉʊɸʅʆɺʃɽʅʀʗ ɿɸɻʈʗɿʅɽʅʅʓʍ ʇʆʏɺ 

 

6.1. ʆʯʠʩʪʢʘ ʠʩʢʫʩʩʪʚʝʥʥʦ ʟʘʛʨʷʟʥʝʥʥʳʭ ʧʦʯʚ ʚ ʤʦʜʝʣʴʥʳʭ ʩʠʩʪʝʤʘʭ 

6.1.1. ʈʘʟʣʦʞʝʥʠʝ ʤʦʥʦʭʣʦʨʙʠʬʝʥʠʣʦʚ ʚ ʤʦʜʝʣʴʥʳʭ ʧʦʯʚʝʥʥʳʭ ʩʠʩʪʝʤʘʭ 

ʂʘʢ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʨʘʥʝʝ, ʰʪʘʤʤʳ R. ruber P25 ʠ M. oxydans B51 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʫʥʠʢʘʣʴʥʳʤʠ ʛʝʥʝʪʠʯʝʩʢʠʤʠ ʠ ʤʝʪʘʙʦʣʠʯʝʩʢʠʤʠ 

ʩʚʦʡʩʪʚʘʤʠ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʇʍɹ, ʯʪʦ ʧʦʩʣʫʞʠʣʦ ʦʩʥʦʚʦʡ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʠʭ ʧʦʪʝʥʮʠʘʣʘ ʚ ʫʩʣʦʚʠʷʭ ʤʦʜʝʣʴʥʳʭ ʧʦʯʚʝʥʥʳʭ ʩʠʩʪʝʤ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʰʪʘʤʤ M. oxydans B51 ʘʢʪʠʚʥʦ ʨʘʟʣʘʛʘʣ ʇʍɹ 1 

(2-ʭʣʦʨʙʠʬʝʥʠʣ) ʢʘʢ ʚ ʦʧʳʪʘʭ ʩ ʤʦʜʝʣʴʥʳʤʠ ʧʦʯʚʝʥʥʳʤʠ ʩʠʩʪʝʤʘʤʠ 

(ʪʘʙʣʠʮʘ 27), ʪʘʢ ʠ ʚ ʤʠʥʝʨʘʣʴʥʦʡ ʩʨʝʜʝ (ʩʤ. ʛʣʘʚʫ 3, ʪʘʙʣʠʮʘ 4). 

 

ʊʘʙʣʠʮʘ 27 ï ʈʘʟʣʦʞʝʥʠʝ ʇʍɹ 1 ʰʪʘʤʤʦʤ M. oxydans B51 ʠ ʇʍɹ 3 

ʰʪʘʤʤʦʤ R. ruber P25 ʚ ʠʩʢʫʩʩʪʚʝʥʥʦ ʟʘʛʨʷʟʥʝʥʥʳʭ ʧʦʯʚʝʥʥʳʭ 

ʩʠʩʪʝʤʘʭ, ʠʟʤʝʥʝʥʠʝ ʯʠʩʣʝʥʥʦʩʪʠ ʚʥʝʩʝʥʥʳʭ ʰʪʘʤʤʦʚ 

ʐʪʘʤʤ ɺʨʝʤʷ, 

ʩʫʪ 

ʂʦʥʮʝʥʪʨʘʮʠʷ ʍɹ*, % ʏʠʩʣʝʥʥʦʩʪʴ ʙʘʢʪʝʨʠʡ, 

ʂʆɽ/ʛ ʧʦʯʚʳ 

ʵʢʩʧʝʨʠʤʝʥʪ ʢʦʥʪʨʦʣʴ ʵʢʩʧʝʨʠʤʝʥʪ ʢʦʥʪʨʦʣʴ 

M. oxydans 

B51 

0 100 100 (3.0 Ñ 0.01) Ĭ 104 (3.0 Ñ 0.01) Ĭ 104 

1 2 99.8 (5.0 Ñ 0.04) Ĭ 106 (3.0 Ñ 0.02) Ĭ 104 

2 0 99.8 (8.0 Ñ 0.03) Ĭ 107 (3.0 Ñ 0.02) Ĭ 104 

R. ruber 

P25 

0 100 100 (2.0 Ñ 0.08) Ĭ 108 (2.0 Ñ 0.08) Ĭ 108 

1 8 99.9 (5.0 Ñ 0.03) Ĭ 108 (2.0 Ñ 0.08) Ĭ 108 

2 0 99.8 (8.0 Ñ 0.05) Ĭ 109 (2.0 Ñ 0.08) Ĭ 108 

*  ʅʘʯʘʣʴʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ 100 ʤʛ ʇʍɹ/ʢʛ ʧʦʯʚʳ 

ɸʥʘʣʠʟ ʜʠʥʘʤʠʢʠ ʠʟʤʝʥʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʇʍɹ 1 ʧʦʟʚʦʣʷʝʪ 

ʢʦʥʩʪʘʪʠʨʦʚʘʪʴ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʘʢʪʠʚʥʦ ʨʘʟʣʦʞʝʥʠʝ ʇʍɹ 1 ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ 

ʚ ʧʝʨʚʳʝ 24 ʯʘʩʘ ʠʥʢʫʙʘʮʠʠ ʰʪʘʤʤʘ ɺ51 ʚ ʤʦʜʝʣʴʥʦʡ ʧʦʯʚʝʥʥʦʡ ʩʠʩʪʝʤʝ 

(ʜʝʩʪʨʫʢʮʠʷ ʩʦʩʪʘʚʠʣʘ 98%). ʇʨʠ ʵʪʦʤ ʦʪʤʝʯʝʥ ʘʢʪʠʚʥʳʡ ʨʦʩʪ ʰʪʘʤʤʘ. 
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ʂʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʮʠʠ ʤʝʞʜʫ ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʣʦʥʠʝʦʙʨʘʟʫʶʱʠʭ ʝʜʠʥʠʮ 

ʰʪʘʤʤʘ ɺ51 ʠ ʠʟʤʝʥʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʇʍɹ 1 ʩʦʩʪʘʚʣʷʝʪ 0.98, 

ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʚʟʘʠʤʦʩʚʷʟʘʥʥʦʩʪʠ ʜʘʥʥʳʭ ʧʨʦʮʝʩʩʦʚ. ʇʦ ʚʩʝʡ 

ʚʠʜʠʤʦʩʪʠ, ʰʪʘʤʤ ɺ51 ʠʩʧʦʣʴʟʫʝʪ ʇʍɹ 1 ʚ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ʫʛʣʝʨʦʜʘ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʣʠʪʝʨʘʪʫʨʝ ʦʧʠʩʘʥʦ ʥʝʩʢʦʣʴʢʦ ʰʪʘʤʤʦʚ-

ʜʝʩʪʨʫʢʪʦʨʦʚ, ʦʩʫʱʝʩʪʚʣʷʶʱʠʭ ʨʘʟʣʦʞʝʥʠʝ ʇʍɹ 1 ʧʨʠ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ 

ʚ ʤʠʥʝʨʘʣʴʥʦʡ ʩʨʝʜʝ (Arensdorf et al., 1994; Fava et al., 1994; Hrywna et al., 

1999; Kim, Picardal, 2000; Rodrigues et al., 2006). ʆʜʥʘʢʦ ʚ ʫʩʣʦʚʠʷʭ 

ʤʦʜʝʣʴʥʦʡ ʧʦʯʚʝʥʥʦʡ ʩʠʩʪʝʤʳ ʩʫʱʝʩʪʚʫʶʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʠʩʪʦʯʥʠʢʠ 

ʫʛʣʝʨʦʜʘ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʩʥʠʞʘʪʴ ʜʝʛʨʘʜʘʪʠʚʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʰʪʘʤʤʦʚ 

(ɺʘʩʠʣʴʝʚʘ, 2007, Barriault, Sylvestre, 1993). ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ 

ʠ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ ʧʦʢʘʟʘʣ, ʯʪʦ ʰʪʘʤʤ M. oxydans B51, ʜʘʞʝ 

ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʥʝʢʦʥʪʨʦʣʠʨʫʝʤʳʭ ʨʦʩʪʦʚʳʭ ʩʫʙʩʪʨʘʪʦʚ, ʩʦʜʝʨʞʘʱʠʭʩʷ 

ʚ ʧʦʯʚʝ, ʨʘʟʣʘʛʘʝʪ ʇʍɹ 1 ʘʢʪʠʚʥʝʝ, ʯʝʤ ʠʟʚʝʩʪʥʳʝ ʰʪʘʤʤʳ-ʜʝʩʪʨʫʢʪʦʨʳ 

ʚ ʫʩʣʦʚʠʷʭ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʢʫʣʴʪʫʨʳ ʩ ʦʜʥʠʤ ʠʩʪʦʯʥʠʢʦʤ ʫʛʣʝʨʦʜʘ ʠ ʵʥʝʨʛʠʠ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʜʝʩʪʨʫʢʮʠʠ ʇʍɹ 1 ʰʪʘʤʤʦʤ ɺ51 

ʚ ʧʦʯʚʝ ʩʦʧʦʩʪʘʚʠʤʘ ʩ ʜʘʥʥʳʤ ʧʦʢʘʟʘʪʝʣʝʤ ʚ ʤʠʥʝʨʘʣʴʥʦʡ ʩʨʝʜʝ (ʪʘʙʣʠʮʘ 4). 

ʇʨʠ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʰʪʘʤʤʘ R. ruber P25 ʚ ʤʠʥʝʨʘʣʴʥʦʡ ʩʨʝʜʝ, 

ʩʦʜʝʨʞʘʱʝʡ 94.25 ʤʛ/ʣ ʇʍɹ 3 (4-ʭʣʦʨʙʠʬʝʥʠʣ) ʚ ʢʘʯʝʩʪʚʝ ʝʜʠʥʩʪʚʝʥʥʦʛʦ 

ʠʩʪʦʯʥʠʢʘ ʫʛʣʝʨʦʜʘ ʠ ʵʥʝʨʛʠʠ, 100%-ʥʘʷ ʜʝʩʪʨʫʢʮʠʷ ʩʫʙʩʪʨʘʪʘ ʜʦʩʪʠʛʘʣʘʩʴ 

ʟʘ 1 ʩʫʪ (ʩʤ. ʛʣʘʚʫ 3) ɺ ʦʧʳʪʘʭ ʩ ʤʦʜʝʣʴʥʳʤʠ ʧʦʯʚʝʥʥʳʤʠ ʩʠʩʪʝʤʘʤʠ 

ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʰʪʘʤʤ R. ruber ʈ25 ʦʩʫʱʝʩʪʚʣʷʣ ʧʦʣʥʦʝ ʨʘʟʣʦʞʝʥʠʝ ʇʍɹ 3 

ʚ ʪʝʯʝʥʠʝ ʜʚʫʭ ʩʫʪʦʢ (ʪʘʙʣʠʮʘ 27). ʇʨʠ ʵʪʦʤ ʨʘʟʣʦʞʝʥʠʝ ʦʩʥʦʚʥʦʡ ʯʘʩʪʠ 

ʩʫʙʩʪʨʘʪʘ (92% ʦʪ ʠʩʭʦʜʥʦʛʦ) ʧʨʦʠʩʭʦʜʠʣʦ ʚ ʪʝʯʝʥʠʝ ʧʝʨʚʳʭ ʩʫʪʦʢ 

ʵʢʩʧʝʨʠʤʝʥʪʘ. ɸʥʘʣʠʟ ʜʠʥʘʤʠʢʠ ʨʦʩʪʘ ʰʪʘʤʤʘ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ 

ʦʙ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʇʍɹ 3 ʢʘʢ ʨʦʩʪʦʚʦʛʦ ʩʫʙʩʪʨʘʪʘ (ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʮʠʠ 

ï 0.94). ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʠʩʩʣʝʜʫʝʤʳʡ ʰʪʘʤʤ ʫʪʠʣʠʟʠʨʫʝʪ 

4-ʭʣʦʨʙʝʥʟʦʡʥʫʶ ʢʠʩʣʦʪʫ, ʧʨʦʜʫʢʪ ʙʘʢʪʝʨʠʘʣʴʥʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʇʍɹ 3 

(ʩʤ. ʛʣʘʚʫ 4, ʪʘʙʣʠʮʘ 13) ʇʦʜʦʙʥʳʝ ʩʚʦʡʩʪʚʘ ʦʧʠʩʘʥʳ ʜʣʷ Pseudomonas 

cepacia P166 ʠ Burkholderia sp. SK-3 (Arensdorf, Focht, 1995; Kim, Picardal, 
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2000). ʆʜʥʘʢʦ ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʩ ʣʠʪʝʨʘʪʫʨʥʳʤʠ 

ʧʦʢʘʟʘʣʦ, ʯʪʦ R. ruber ʈ25 ʷʚʣʷʝʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʰʪʘʤʤʦʤ-ʜʝʩʪʨʫʢʪʦʨʦʤ, 

ʪʘʢ ʢʘʢ ʨʘʟʣʘʛʘʝʪ ʇʍɹ 3 ʵʬʬʝʢʪʠʚʥʝʝ, ʯʝʤ P. cepacia P166 ʠ Burkholderia sp. 

SK-3.  

 

6.1.2. ɹʠʦʜʝʩʪʨʫʢʮʠʷ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʩʤʝʩʝʡ ʇʍɹ ʰʪʘʤʤʘʤʠ ʨʦʜʘ 

Rhodococcus ʚ ʤʦʜʝʣʴʥʳʭ ʧʦʯʚʝʥʥʳʭ ʩʠʩʪʝʤʘʭ 

ɼʣʷ ʠʟʫʯʝʥʠʷ ʨʝʤʝʜʠʘʮʠʦʥʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʰʪʘʤʤʦʚ ʚ ʤʦʜʝʣʴʥʳʭ 

ʧʦʯʚʝʥʥʳʭ ʩʠʩʪʝʤʘʭ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʩʤʝʩʷʤ ʇʍɹ ʙʳʣʦ ʠʩʧʦʣʴʟʦʚʘʥʦ ʜʚʝ 

ʠʩʢʫʩʩʪʚʝʥʥʦ ʩʦʟʜʘʥʥʳʭ ʩʤʝʩʠ: ʩʤʝʩʴ ɺʈ (ʩʦʩʪʦʠʪ ʠʟ ʥʝʟʘʤʝʱʝʥʥʦʛʦ 

ʙʠʬʝʥʠʣʘ ʠ ʩʝʤʠ ʢʦʥʛʝʥʝʨʦʚ, ʘʢʪʠʚʥʦʩʪʴ ʰʪʘʤʤʦʚ ʢ ʢʘʞʜʦʤʫ ʠʟ ʢʦʪʦʨʳʭ 

ʚ ʦʪʜʝʣʴʥʦʩʪʠ ʙʳʣʘ ʨʘʥʝʝ ʠʟʫʯʝʥʘ (ʩʤ. ʛʣʘʚʫ 4)) ʠ ʩʤʝʩʴ ɸ (ʩʦʩʪʦʠʪ ʠʟ 

20 ʢʦʥʛʝʥʝʨʦʚ ʇʍɹ) (ʇʨʠʣʦʞʝʥʠʝ 1, ʪʘʙʣʠʮʘ 35, 36). 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʰʪʘʤʤ R. ruber P25 ʦʩʫʱʝʩʪʚʣʷʝʪ 100%-ʥʦʝ 

ʨʘʟʣʦʞʝʥʠʝ 1 ʛ/ʣ ʩʤʝʩʠ ɺʈ ʟʘ 110 ʩʫʪ (ʨʠʩʫʥʦʢ 63).  

 

ʈʠʩʫʥʦʢ 63 ï ʈʘʟʣʦʞʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʩʤʝʩʠ ɺʈ ʰʪʘʤʤʦʤ 

R. ruber P25 ʚ ʤʦʜʝʣʴʥʦʡ ʧʦʯʚʝʥʥʦʡ ʩʠʩʪʝʤʝ: 1 ï ʨʦʩʪ ʰʪʘʤʤʘ R. ruber P25, 

2 ï ʢʦʥʮʝʥʪʨʘʮʠʷ ʩʤʝʩʠ ɺʈ ʚ ʩʠʩʪʝʤʝ ʙʝʟ ʚʥʝʩʝʥʠʷ ʢʫʣʴʪʫʨʳ ʰʪʘʤʤʘ ʈ25,         

3 ï ʠʟʤʝʥʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʢʦʣʦʥʠʝʦʙʨʘʟʫʶʱʠʭ ʝʜʠʥʠʮ ʰʪʘʤʤʘ ʈ25 ʚ ʩʠʩʪʝʤʝ 

ʙʝʟ ʚʥʝʩʝʥʠʷ ʩʤʝʩʠ ɺʈ, 4 ï ʢʦʥʮʝʥʪʨʘʮʠʷ ʩʤʝʩʠ ɺʈ ʚ ʙʠʦʘʫʛʤʝʥʪʠʨʦʚʘʥʥʦʡ 

ʧʦʯʚʝ 
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ʇʨʦʮʝʩʩ ʨʘʟʣʦʞʝʥʠʷ ʩʤʝʩʠ ɺʈ ʥʦʩʠʣ ʣʠʥʝʡʥʳʡ ʭʘʨʘʢʪʝʨ ʠ 

ʩʦʧʨʦʚʦʞʜʘʣʩʷ ʨʦʩʪʦʤ ʙʘʢʪʝʨʠʘʣʴʥʦʡ ʢʫʣʴʪʫʨʳ. ɸʥʘʣʠʟ ʠʟʤʝʥʝʥʠʷ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʘʞʜʦʛʦ ʢʦʥʛʝʥʝʨʘ ʚ ʩʤʝʩʠ ʧʦʢʘʟʘʣ, ʯʪʦ ʭʣʦʨʠʨʦʚʘʥʥʳʝ 

ʧʨʦʠʟʚʦʜʥʳʝ ʙʠʬʝʥʠʣʘ ʨʘʟʣʘʛʘʣʠʩʴ ʰʪʘʤʤʦʤ ʚ 1.8 ʨʘʟʘ ʤʝʜʣʝʥʥʝʝ, ʯʝʤ 

ʥʝʟʘʤʝʱʝʥʥʳʡ ʙʠʬʝʥʠʣ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʩʪʝʧʝʥʠ 

ʭʣʦʨʠʨʦʚʘʥʠʷ ʤʦʣʝʢʫʣʳ ʙʠʬʝʥʠʣʘ ʩʢʦʨʦʩʪʴ ʜʝʩʪʨʫʢʮʠʠ ʢʦʤʧʦʥʝʥʪʦʚ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʩʤʝʩʠ ʇʍɹ ʩʥʠʞʘʣʘʩʴ ʩ 2.16 Ñ 0.3 ʤʛĿʢʛĿʩʫʪ-1 ʜʣʷ 

ʤʦʥʦʭʣʦʨʙʠʬʝʥʠʣʦʚ, ʜʦ 0.52 Ñ 0.3 ʤʛĿʢʛĿʩʫʪ-1 ʜʣʷ ʪʨʠʭʣʦʨʙʠʬʝʥʠʣʦʚ. 

ɸʥʘʣʦʛʠʯʥʘʷ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ ʚʳʷʚʣʝʥʘ ʧʨʠ ʘʥʘʣʠʟʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʜʝʩʪʨʫʢʮʠʠ ʢʦʥʛʝʥʝʨʦʚ, ʚʭʦʜʷʱʠʭ ʚ ʩʤʝʩʴ ɺʈ, ʰʪʘʤʤʦʤ ʈ25 ʚ ʤʠʥʝʨʘʣʴʥʦʡ 

ʩʨʝʜʝ (ʩʤ. ʛʣʘʚʫ 3).  

ʀʟʫʯʝʥʘ ʩʧʦʩʦʙʥʦʩʪʴ ʰʪʘʤʤʦʚ Rhodococcus sp. B7a ʠ R. erythropolis 

G12a, ʦʙʣʘʜʘʶʱʠʭ ʜʝʩʪʨʫʢʪʠʚʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʢ ʭʣʦʨʠʨʦʚʘʥʥʳʤ ʙʠʬʝʥʠʣʘʤ 

ʠ ʠʭ ʩʤʝʩʷʤ (ʩʤ. ʛʣʘʚʳ 3ï5), ʦʩʫʱʝʩʪʚʣʷʪʴ ʨʘʟʣʦʞʝʥʠʝ ʠʩʢʫʩʩʪʚʝʥʥʦʡ ʩʤʝʩʠ 

ʇʍɹ (ʩʤʝʩʴ ɸ) ʚ ʤʦʜʝʣʴʥʳʭ ʧʦʯʚʝʥʥʳʭ ʩʠʩʪʝʤʘʭ (ʨʠʩʫʥʦʢ 64).  

ʈʠʩʫʥʦʢ 64 ï ʂʦʥʮʝʥʪʨʘʮʠʷ ʩʤʝʩʠ ɸ ʚ ʤʦʜʝʣʴʥʳʭ ʧʦʯʚʝʥʥʳʭ 

ʩʠʩʪʝʤʘʭ: 1 ï ʧʦʯʚʝʥʥʘʷ ʩʠʩʪʝʤʘ ʙʝʟ ʚʥʝʩʝʥʠʷ ʰʪʘʤʤʦʚ, 2 ï ʩʪʝʨʠʣʴʥʘʷ 

ʧʦʯʚʝʥʥʘʷ ʩʠʩʪʝʤʘ, ʩʦʜʝʨʞʘʱʘʷ ʰʪʘʤʤʘʤʠ Rhodococcus sp. B7a ʠ 

R. erythropolis G12a, 3 ï ʥʝʩʪʝʨʠʣʴʥʘʷ ʧʦʯʚʝʥʥʘʷ ʩʠʩʪʝʤʘ, ʩʦʜʝʨʞʘʱʘʷ 

ʰʪʘʤʤʘʤʠ Rhodococcus sp. B7a ʠ R. erythropolis G12a 
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ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚʥʝʩʝʥʠʝ ʙʘʢʪʝʨʠʘʣʴʥʦʛʦ ʢʦʥʩʦʨʮʠʫʤʘ ʰʪʘʤʤʦʚ 

Rhodococcus sp. B7a ʠ R. erythropolis G12a (ʥʘʯʘʣʴʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʢʣʝʪʦʢ 

1Ĭ106 ʂʆɽ/ʛ ʩʫʭ. ʧʦʯʚʳ) ʧʨʠʚʦʜʠʪ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ, ʩʪʘʪʠʩʪʠʯʝʩʢʠ 

ʜʦʩʪʦʚʝʨʥʦʤʫ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʢʦʥʪʨʦʣʶ, ʩʥʠʞʝʥʠʶ ʫʨʦʚʥʷ ʟʘʛʨʷʟʥʝʥʥʦʩʪʠ 

ʧʦʯʚʳ ʧʦʣʠʭʣʦʨʠʨʦʚʘʥʥʳʤʠ ʙʠʬʝʥʠʣʘʤʠ (ʥʘʯʘʣʴʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʩʤʝʩʠ ɸ 

ʚ ʧʦʯʚʝ ï 280 ʤʛ/ʢʛ ʩʫʭ. ʧʦʯʚʳ ) (ʨʠʩʫʥʦʢ 64), ʢʘʢ ʚ ʩʣʫʯʘʝ ʩʪʝʨʠʣʴʥʦʡ ʧʦʯʚʳ, 

ʪʘʢ ʠ ʚ ʩʣʫʯʘʝ ʧʦʯʚʳ ʩ ʘʙʦʨʠʛʝʥʥʦʡ ʤʠʢʨʦʬʣʦʨʦʡ. ʂ ʢʦʥʮʫ ʚʪʦʨʦʛʦ ʤʝʩʷʮʘ 

ʠʥʢʫʙʠʨʦʚʘʥʠʷ ʚ ʧʦʯʚʝ ʦʙʥʘʨʫʞʠʚʘʣʦʩʴ ʦʢʦʣʦ 1.0% ʩʤʝʩʠ ɸ ʦʪ ʥʘʯʘʣʴʥʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʠ. ɺ ʤʦʜʝʣʴʥʳʭ ʩʠʩʪʝʤʘʭ, ʥʝ ʩʦʜʝʨʞʘʱʠʭ ʰʪʘʤʤ rRhodococcus 

sp. B7a ʠ R. erythropolis G12a, ʢʦʥʮʝʥʪʨʘʮʠʷ ʇʍɹ ʩʦʩʪʘʚʣʷʣʘ 99.5% 

ʦʪ ʚʥʝʩʝʥʥʦʡ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʥʠʞʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʩʤʝʩʠ ɸ ʚ ʧʦʯʚʝ 

ʧʨʦʠʩʭʦʜʠʣʦ ʟʘ ʩʯʝʪ ʨʘʟʣʦʞʝʥʠʷ ʚʩʝʭ ʢʦʥʛʝʥʝʨʦʚ, ʧʨʠʩʫʪʩʪʚʦʚʘʚʰʠʭ ʚ ʩʤʝʩʠ 

((ʪʨʠ-ʛʝʢʩʘ)-ʟʘʤʝʱʝʥʥʳʝ ʭʣʦʨʙʠʬʝʥʠʣʳ) (ʨʠʩʫʥʦʢ 65).  

 

ʈʠʩʫʥʦʢ 65 ï ɼʝʩʪʨʫʢʮʠʷ ʢʦʥʛʝʥʝʨʦʚ ʇʍɹ, ʚʭʦʜʷʱʠʭ ʚ ʩʦʩʪʘʚ 

ʩʤʝʩʠ ɸ, ʚ ʙʠʦʘʫʛʤʝʥʪʠʨʦʚʘʥʥʦʡ ʧʦʯʚʝʥʥʦʡ ʩʠʩʪʝʤʝ: 1 ï 0 ʩʫʪ, 2 ï 20 ʩʫʪ, 

3 ï 40 ʩʫʪ  

ʂ 40 ʩʫʪʢʘʤ ʚ ʧʦʯʚʝ ʥʝ ʜʝʪʝʢʪʠʨʦʚʘʣʦʩʴ ʜʝʚʷʪʴ ʪʝʪʨʘʍɹ (2,3,2ô,5ô-ʍɹ, 

2,5,3ô,5ô-ʍɹ, 2,3,3ô,5ô-ʍɹ, 2,3,4,4ô-ʍɹ, 2,3,4,2ô-ʍɹ, 2,6,3ô,4ô-ʍɹ, 2,4,2ô,4ô-ʍɹ, 
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2,3,3ô,4ô-ʍɹ, 2,4,6,4ô-ʍɹ) (ʨʠʩʫʥʦʢ 65). ʅʘʠʙʦʣʝʝ ʫʩʪʦʡʯʠʚʳʝ 

ʢ ʙʘʢʪʝʨʠʘʣʴʥʦʤʫ ʨʘʟʣʦʞʝʥʠʶ 2,4,5,3ô,4ô-ʍɹ, 2,5,2ô,5ô-ʍɹ ʠ 2,4,5,2ô,4ô,5ô-ʍɹ 

ʪʘʢʞʝ ʧʦʜʚʝʨʛʘʣʠʩʴ ʜʝʩʪʨʫʢʮʠʠ ʚʥʝʩʝʥʥʳʤʠ ʰʪʘʤʤʘʤʠ.  

ʋʜʝʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʜʝʩʪʨʫʢʮʠʠ ʩʤʝʩʠ ɸ ʰʪʘʤʤʘʤʠ Rhodococcus sp. B7a 

ʠ R. erythropolis G12a ʚ ʤʦʜʝʣʴʥʦʡ ʧʦʯʚʝʥʥʦʡ ʩʠʩʪʝʤʝ ʩʦʩʪʘʚʣʷʣʘ 0.115 ʩʫʪ-1, 

ʯʪʦ ʚ 4.4 ʨʘʟʘ ʥʠʞʝ, ʯʝʤ ʘʥʘʣʦʛʠʯʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʚ ʫʩʣʦʚʠʷʭ 

ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ʚ ʤʠʥʝʨʘʣʴʥʦʡ ʩʨʝʜʝ (0.506 ʩʫʪ-1) (ʩʤ. ʨʘʟʜʝʣ 6.1). 

ʈʘʥʝʝ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʰʪʘʤʤʳ Rhodococcus sp. B7a ʠ R. erythropolis 

G12a ʦʩʫʱʝʩʪʚʣʷʶʪ ʫʪʠʣʠʟʘʮʠʶ ʩʦʝʜʠʥʝʥʠʡ, ʦʙʨʘʟʫʶʱʠʭʩʷ ʧʨʠ ʨʘʟʣʦʞʝʥʠʠ 

ʩʤʝʩʠ ɸ (ʩʤ. ʛʣʘʚʘ 4, 5). ɺʝʨʦʷʪʥʦ, ʜʘʥʥʳʡ ʧʨʦʮʝʩʩ ʧʨʦʠʩʭʦʜʠʪ ʠ ʚ ʫʩʣʦʚʠʷʭ 

ʤʦʜʝʣʴʥʦʡ ʧʦʯʚʝʥʥʦʡ ʩʠʩʪʝʤʳ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝʤ ʯʠʩʣʘ 

ʞʠʟʥʝʩʧʦʩʦʙʥʳʭ ʢʣʝʪʦʢ ʰʪʘʤʤʦʚ Rhodococcus sp. B7a ʠ R. erythropolis G12a 

ʥʘ ʜʚʘ ʧʦʨʷʜʢʘ (8.5 Ĭ 108 ʂʆɽ/ʛ ʩʫʭ. ʧʦʯʚʳ). ʋʜʝʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʨʦʩʪʘ 

ʰʪʘʤʤʦʚ Rhodococcus sp. B7a ʠ R. erythropolis G12a ʚ ʇʍɹ-ʟʘʛʨʷʟʥʝʥʥʦʡ 

ʧʦʯʚʝ ʩʦʩʪʘʚʠʣʘ 0.107 ʯ-1 ʠ ʙʳʣʘ ʜʦʩʪʦʚʝʨʥʦ ʚʳʰʝ ʘʥʘʣʦʛʠʯʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʚ 

ʯʠʩʪʦʡ ʧʦʯʚʝ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʘʢʪʝʨʠʘʣʴʥʳʝ ʰʪʘʤʤʳ ʨʦʜʘ Rhodococcus ʵʬʬʝʢʪʠʚʥʦ 

ʨʘʟʣʘʛʘʶʪ ʠʩʢʫʩʩʪʚʝʥʥʳʝ ʩʤʝʩʠ ʭʣʦʨʙʠʬʝʥʠʣʦʚ ʚ ʫʩʣʦʚʠʷʭ ʤʦʜʝʣʴʥʦʛʦ 

ʧʦʯʚʝʥʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʠ ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʦʩʥʦʚʦʡ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ 

ʙʠʦʧʨʝʧʘʨʘʪʦʚ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʨʝʤʝʜʠʘʮʠʶ ʇʍɹ-ʟʘʛʨʷʟʥʝʥʥʳʭ ʧʦʯʚ. 

 

6.1.3. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʙʘʢʪʝʨʠʘʣʴʥʦʛʦ ʢʦʥʩʦʨʮʠʫʤʘ 

ʜʣʷ ʦʯʠʩʪʢʠ ʧʦʯʚʳ, ʟʘʛʨʷʟʥʝʥʥʦʡ ʉʦʚʦʣʦʤ 

ʀʩʩʣʝʜʦʚʘʥʘ ʩʧʦʩʦʙʥʦʩʪʴ ʰʪʘʤʤʦʚ R. ruber ʈ25 ʠ M. oxydans B51 

ʦʩʫʱʝʩʪʚʣʷʪʴ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʣʝʩʥʳʭ ʠ ʪʝʭʥʦʛʝʥʥʦ ʠʟʤʝʥʝʥʥʳʭ ʧʦʯʚ, 

ʠʩʢʫʩʩʪʚʝʥʥʦ ʟʘʛʨʷʟʥʝʥʥʳʭ ʩʤʝʩʴʶ ʇʍɹ ʪʦʨʛʦʚʦʡ ʤʘʨʢʠ ʉʦʚʦʣ (ʨʠʩʫʥʦʢ 66).  

ɺʥʝʩʝʥʠʝ ʰʪʘʤʤʦʚ ʧʨʠʚʝʣʦ ʢ ʩʥʠʞʝʥʠʶ ʫʨʦʚʥʷ ʟʘʛʨʷʟʥʝʥʠʷ ʉʦʚʦʣʦʤ 

ʤʦʜʝʣʴʥʦʡ ʩʠʩʪʝʤʳ ʩ ʣʝʩʥʦʡ ʧʦʯʚʦʡ ʥʘ 72.2% ʟʘ 90 ʩʫʪ, ʘ ʩ ʪʝʭʥʦʛʝʥʥʦ 

ʠʟʤʝʥʝʥʥʦʡ ʧʦʯʚʦʡ ï ʥʘ 96.4% ʟʘ ʪʦʪ ʞʝ ʧʝʨʠʦʜ ʚʨʝʤʝʥʠ.  
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ʈʠʩʫʥʦʢ 66 ï ɼʝʩʪʨʫʢʮʠʷ ʩʤʝʩʠ ʉʦʚʦʣ ʚ ʤʦʜʝʣʴʥʳʭ ʧʦʯʚʝʥʥʳʭ 

ʩʠʩʪʝʤʘʭ ʩ ʧʨʠʨʦʜʥʦʡ (1) ʠ ʧʨʦʤʳʰʣʝʥʥʦʡ (2) ʧʦʯʚʦʡ: ʘ ï ʤʦʜʝʣʴʥʳʝ 

ʩʠʩʪʝʤʳ, ʩʦʜʝʨʞʘʱʠʝ ʰʪʘʤʤ rR. ruber ʈ25 ʠ M. oxydans B51, ʙ ï ʩʠʩʪʝʤʳ ʙʝʟ 

ʚʥʝʩʝʥʠʷ ʰʪʘʤʤʦʚ, 3 ï ʩʠʩʪʝʤʳ ʩ ʚʥʝʩʝʥʥʳʤʠ ʫʙʠʪʳʤʠ ʢʣʝʪʢʘʤʠ ʰʪʘʤʤʦʚ 

R. ruber ʈ25 ʠ M. oxydans B51 
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ɺʦ ʚʨʝʤʷ ʧʝʨʚʦʛʦ ʤʝʩʷʮʘ ʠʥʢʫʙʘʮʠʠ ʫʨʦʚʝʥʴ ʫʙʳʣʠ ʉʦʚʦʣʘ 

ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʩʠʩʪʝʤʘʭ ʦʪʣʠʯʘʣʩʷ. ʊʘʢ, ʟʘ 15 ʩʫʪ ʙʠʦʨʝʤʝʜʠʘʮʠʠ ʚ 

ʤʦʜʝʣʴʥʳʭ ʩʠʩʪʝʤʘʭ, ʩʦʜʝʨʞʘʱʠʭ ʰʪʘʤʤʳ R. ruber ʈ25 ʠ M. oxydans B51, 

ʩʥʠʞʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʉʦʚʦʣʘ ʩʦʩʪʘʚʠʣʦ 26.9% ʠ 70.1% (ʚ ʩʠʩʪʝʤʘʭ 

ʩ ʣʝʩʥʦʡ ʠ ʪʝʭʥʦʛʝʥʥʦ ʠʟʤʝʥʝʥʥʦʡ ʧʦʯʚʦʡ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ), ʪʦʛʜʘ ʢʘʢ 

ʚ ʤʦʜʝʣʴʥʳʭ ʩʠʩʪʝʤʘʭ ʙʝʟ ʚʥʝʩʝʥʠʷ ʰʪʘʤʤʦʚ ʘʥʘʣʦʛʠʯʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʙʳʣ 

ʟʥʘʯʠʪʝʣʴʥʦ ʥʠʞʝ ʠ ʩʦʩʪʘʚʠʣ 15.4% ʠ 21.8% ʜʣʷ ʣʝʩʥʦʡ ʠ ʪʝʭʥʦʛʝʥʥʦ 

ʠʟʤʝʥʝʥʥʦʡ ʧʦʯʚ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɹʣʠʟʢʠʡ ʫʨʦʚʝʥʴ ʩʥʠʞʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʉʦʚʦʣʘ (18.1 ʠ 22.3%) ʟʘʬʠʢʩʠʨʦʚʘʥ ʚ ʤʦʜʝʣʴʥʳʭ ʩʠʩʪʝʤʘʭ ʩ ʚʥʝʩʝʥʥʳʤʠ 

ʠʥʘʢʪʠʚʠʨʦʚʘʥʥʳʤʠ ʢʫʣʴʪʫʨʘʤʠ ʰʪʘʤʤʦʚ (ʨʠʩʫʥʦʢ 66). ʄʘʢʩʠʤʘʣʴʥʳʡ 

ʫʨʦʚʝʥʴ ʫʙʳʣʠ ʉʦʚʦʣʘ ʚ ʙʠʦʘʫʛʤʝʥʪʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤʘʭ ʙʳʣ ʦʙʥʘʨʫʞʝʥ 

ʯʝʨʝʟ 90 ʜʥʝʡ ʠ ʩʦʩʪʘʚʠʣ 72.2% ʚ ʩʠʩʪʝʤʝ ʩ ʣʝʩʥʦʡ ʧʦʯʚʦʡ ʠ 96.4% ʚ ʩʠʩʪʝʤʝ 

ʩ ʪʝʭʥʦʛʝʥʥʦ ʠʟʤʝʥʝʥʥʦʡ ʧʦʯʚʦʡ, ʯʪʦ ʙʳʣʦ ʟʥʘʯʠʪʝʣʴʥʦ ʚʳʰʝ, 

ʯʝʤ ʚ ʩʠʩʪʝʤʘʭ ʙʝʟ ʚʥʝʩʝʥʠʷ ʞʠʚʳʭ ʢʣʝʪʦʢ ʰʪʘʤʤʦʚ-ʜʝʩʪʨʫʢʪʦʨʦʚ ʟʘ ʪʦʪ ʞʝ 

ʧʝʨʠʦʜ. ɼʘʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʚʥʝʩʝʥʠʝ ʰʪʘʤʤʦʚ R. ruber ʈ25 

ʠ M. oxydans B51 ʦʙʫʩʣʦʚʣʠʚʘʝʪ ʵʬʬʝʢʪʠʚʥʫʶ ʨʝʤʝʜʠʘʮʠʶ ʉʦʚʦʣ-

ʟʘʛʨʷʟʥʝʥʥʦʡ ʧʦʯʚʳ. 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʯʝʤ ʚʳʰʝ ʫʨʦʚʝʥʴ ʩʦʜʝʨʞʘʥʠ ̫ ʭʣʦʨʘ ʚ ʩʤʝʩʠ ʇʍɹ, 

ʪʝʤ ʥʠʞʝ ʫʨʦʚʝʥʴ ʙʠʦʜʦʩʪʫʧʥʦʩʪʠ ʪʘʢʠʭ ʩʤʝʩʝʡ. ʋʨʦʚʝʥʴ ʙʘʢʪʝʨʠʘʣʴʥʦʡ 

ʜʝʩʪʨʫʢʮʠʠ ʪʨʝʭʢʦʤʧʦʥʝʥʪʥʦʡ ʙʘʢʪʝʨʠʘʣʴʥʦʡ ʢʫʣʴʪʫʨʦʡ Aroclor 1221 

(ʢʦʥʮʝʥʪʨʘʮʠʷ ʭʣʦʨʘ ï 21%) ʩʦʩʪʘʚʣʷʣ 47.8ï93.7%, ʜʣʷ Aroclor 1242 

(ʢʦʥʮʝʥʪʨʘʮʠʷ ʭʣʦʨʘ ï 42%) ʢʦʣʝʙʘʣʩʷ ʦʪ 16% ʜʦ 91% ʫ ʨʘʟʣʠʯʥʳʭ ʰʪʘʤʤʦʚ, 

ʫʨʦʚʝʥʴ ʙʠʦʜʝʛʨʘʜʘʮʠʠ Aroclor 1248 (ʢʦʥʮʝʥʪʨʘʮʠʷ ʭʣʦʨʘ 48%) ʩʦʩʪʘʚʣʷʣ 

40ï61%, ʘ Aroclor 1254 (ʢʦʥʮʝʥʪʨʘʮʠʷ ʭʣʦʨʘ 54%) ï ʪʦʣʴʢʦ 23ï35%, 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʤʝʩʝʡ ʇʍɹ ʩʦʧʦʩʪʘʚʠʤʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʥʦʡ ʚ ʥʘʩʪʦʷʱʝʤ 

ʠʩʩʣʝʜʦʚʘʥʠʠ (Bedard  et al., 1987; Quensen  et al., 1990; Fava et al., 1996; 

Hernandez  et al., 1997; Cho  et al., 2002; Pieper, 2005; Borjia et al., 2005; 

Patureau, Trably, 2006; Rodrigues  et al., 2006; Kolar et al., 2007; Adebusoye et 

al., 2008; Kwon et al., 2008; Correa  et al., 2010; Tartakovsky  et al., 2010).  
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ʉʦʚʦʣ ʧʦ ʫʨʦʚʥʶ ʩʦʜʝʨʞʘʥʠʷ ʭʣʦʨʘ ʠ ʧʦ ʩʦʩʪʘʚʫ ʝʛʦ ʧʦʩʪʦʷʥʥʳʭ 

ʢʦʥʛʝʥʝʨʦʚ ʇʍɹ ʥʘʭʦʜʠʪʩʷ ʤʝʞʜʫ Aroclor 1248 ʠ Aroclor 1254 

(ʇʨʠʣʦʞʝʥʠʝ 1, ʪʘʙʣʠʮʘ 32). ʉʪʝʧʝʥʴ ʫʜʘʣʝʥʠʷ ʉʦʚʦʣʘ ʚ ʤʦʜʝʣʴʥʳʭ 

ʧʦʯʚʝʥʥʳʭ ʩʠʩʪʝʤʘʭ, ʘʫʛʤʝʥʪʠʨʦʚʘʥʥʳʭ ʰʪʘʤʤʘʤʠ R. ruber ʈ25 ʠ M. oxydans 

B51, ʚʳʰʝ, ʯʝʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʧʦʢʘʟʘʪʝʣʴ ʜʣʷ Aroclor 1248, ʠ 

ʩʦʧʦʩʪʘʚʠʤʘ ʩ ʫʨʦʚʥʝʤ ʜʝʩʪʨʫʢʮʠʠ ʤʝʥʝʝ ʭʣʦʨʠʨʦʚʘʥʥʦʡ ʩʤʝʩʠ ʇʍɹ - 

Aroclor 1242.  

ʈʘʟʣʠʯʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʷʚʠʣʠ ʦʩʥʦʚʥʫʶ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ: ʫʨʦʚʝʥʴ 

ʙʠʦʜʦʩʪʫʧʥʦʩʪʠ ʇʍɹ ʫʤʝʥʴʰʘʝʪʩʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʫʨʦʚʥʷ ʭʣʦʨʠʨʦʚʘʥʠʷ 

ʤʦʣʝʢʫʣʳ ʙʠʬʝʥʠʣʘ (Borjia et al., 2005; Pieper, 2005; Patureau, Trably, 2006; 

Cao et al., 2011). ʈʝʟʫʣʴʪʘʪʳ ʜʝʩʪʨʫʢʮʠʠ 3-, 4-, 5- ʠ 6-ʭʣʦʨʠʨʦʚʘʥʥʳʭ 

ʙʠʬʝʥʠʣʦʚ ʉʦʚʦʣʘ ʚ ʙʠʦʘʫʛʤʝʥʪʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤʘʭ ʧʦʢʘʟʘʥʳ ʚ ʪʘʙʣʠʮʝ 28.  

 

ʊʘʙʣʠʮʘ 28 ï ɼʝʩʪʨʫʢʮʠʷ ʛʦʤʦʣʦʛʠʯʥʳʭ ʛʨʫʧʧ ʢʦʥʛʝʥʝʨʦʚ ʇʍɹ 

ʚ ʙʠʦʘʫʛʤʝʥʪʠʨʦʚʘʥʥʳʭ ʧʦʯʚʝʥʥʳʭ ʩʠʩʪʝʤʘʭ 

ʄʦʜʝʣʴʥʘʷ 

ʧʦʯʚʝʥʥʘʷ 

ʩʠʩʪʝʤʘ 

ɺʨʝʤʷ, ʩʫʪ ʂʦʥʛʝʥʝʨʥʳʝ ʛʨʫʧʧʳ ʇʍɹ, ʢʦʣ-ʚʦ ʟʘʤʝʩʪʠʪʝʣʝʡ 

3  4  5  6  

ʊʝʭʥʦʛʝʥʥʦ 

ʠʟʤʝʥʝʥʥʘʷ  

ʧʦʯʚʘ 

30 72.9 Ñ 0.2 71.5 Ñ 0.2 64.9 Ñ 0.4 64.6 Ñ 0.6 

60 100 82.9 Ñ 0.3 84.3 Ñ 0.2 88.9 Ñ 0.5 

90 100 94.2 Ñ 0.1 95.2 Ñ 0.2 96.9 Ñ 0.2 

ʃʝʩʥʘʷ ʧʦʯʚʘ 30 100 51.8 Ñ 0.5 54.2 Ñ 0.4 80.6 Ñ 0.4 

60 100 72.1 Ñ 0.1 64.4 Ñ 0.2 87.6 Ñ 0.3 

90 100 78.4 Ñ 0.1 73.9 Ñ 0.1 99.3 Ñ 0.1 

 

ʇʨʦʮʝʥʪ ʜʝʩʪʨʫʢʮʠʠ ʇʍɹ ʚʘʨʴʠʨʦʚʘʣ ʦʪ 72.9% ʜʣʷ ʛʨʫʧʧʳ ʩ ʪʨʝʤʷ 

ʟʘʤʝʩʪʠʪʝʣʷʤʠ ʜʦ 64.6% ʜʣʷ ʛʨʫʧʧʳ ʩ ʰʝʩʪʴʶ ʟʘʤʝʩʪʠʪʝʣʷʤʠ ʚ ʩʠʩʪʝʤʝ 

ʩ ʪʝʭʥʦʛʝʥʥʦ ʠʟʤʝʥʝʥʥʦʡ ʧʦʯʚʦʡ ʚ ʪʝʯʝʥʠʝ ʧʝʨʠʦʜʘ ʘʢʪʠʚʥʦʡ ʙʠʦʜʝʛʨʘʜʘʮʠʠ 

(ʧʝʨʚʳʡ ʤʝʩʷʮ ʠʥʢʫʙʘʮʠʠ). ɼʣʷ ʤʦʜʝʣʴʥʦʡ ʩʠʩʪʝʤʳ ʩ ʣʝʩʥʦʡ ʧʦʯʚʦʡ ʠ ʜʣʷ 

ʜʨʫʛʠʭ ʧʝʨʠʦʜʦʚ ʠʥʢʫʙʘʮʠʠ ʤʦʜʝʣʴʥʦʡ ʩʠʩʪʝʤʳ ʩ ʪʝʭʥʦʛʝʥʥʦ ʠʟʤʝʥʝʥʥʦʡ 

ʧʦʯʚʦʡ ʜʘʥʥʘʷ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ ʫʙʳʣʠ ʉʦʚʦʣʘ ʧʦ ʛʦʤʦʣʦʛʠʯʥʳʤ ʛʨʫʧʧʘʤ 
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ʇʍɹ ʥʝ ʙʳʣʘ ʚʳʷʚʣʝʥʘ. ʋʨʦʚʝʥʴ ʜʝʩʪʨʫʢʮʠʠ ʛʦʤʦʣʦʛʠʯʥʳʭ ʛʨʫʧʧ ʇʍɹ 

ʚ ʥʘʩʪʦʷʱʝʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʙʳʣ ʚʳʰʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʘʥʥʳʤʠ ʙʦʣʝʝ ʨʘʥʥʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ. ɹʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʢʦ-ʠʥʦʢʫʣʷʮʠʷ ʰʪʘʤʤʦʚ R. ruber ʈ25 ʠ 

M. oxydans B51 ʧʨʠʚʦʜʠʪ ʢ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʠ ʨʘʟʣʦʞʝʥʠʷ ʇʍɹ 

ʚ ʤʦʜʝʣʴʥʳʭ ʧʦʯʚʝʥʥʳʭ ʩʠʩʪʝʤʘʭ, ʯʝʤ ʧʨʠʤʝʥʝʥʠʝ ʜʘʥʥʳʭ ʰʪʘʤʤʦʚ 

ʠʥʜʠʚʠʜʫʘʣʴʥʦ ʚ ʧʦʯʚʝ (ʩʤ. ʨʘʟʜʝʣ 6.1.1. ʠ 6.1.2). ɹʦʣʝʝ ʪʦʛʦ, ʢʦʤʙʠʥʘʮʠʷ 

ʜʘʥʥʳʭ ʜʚʫʭ ʰʪʘʤʤʦʚ ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʚʘʝʪ ʫʙʳʣʴ ʛʨʫʧʧ ʚʳʩʦʢʦ-

ʭʣʦʨʠʨʦʚʘʥʥʳʭ ʢʦʥʛʝʥʝʨʦʚ ʢʦʤʤʝʨʯʝʩʢʦʡ ʩʤʝʩʠ ʇʍɹ ʧʦ ʩʨʘʚʥʝʥʠʶ 

ʩ ʢʦʤʙʠʥʘʮʠʝʡ ʰʪʘʤʤʦʚ R. eutropha H850 ʠ Arthrobacter sp. B1B (Singer et al., 

2000). ɼʘʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʙʠʦʘʫʛʤʝʥʪʘʮʠʷ ʰʪʘʤʤʘʤʠ 

R. ruber ʈ25 ʠ M. oxydans B51 ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ 

ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ ʘʵʨʦʙʥʦʡ ʙʘʢʪʝʨʠʘʣʴʥʦʡ ʜʝʩʪʨʫʢʮʠʠ ʇʍɹ-ʩʤʝʩʝʡ ʩ ʚʳʩʦʢʦ-

ʭʣʦʨʠʨʦʚʘʥʥʳʤʠ ʢʦʥʛʝʥʝʨʘʤʠ. 

ɼʣʷ ʨʝʤʝʜʠʘʮʠʠ ʇʍɹ-ʟʘʛʨʷʟʥʝʥʥʳʭ ʫʯʘʩʪʢʦʚ ʚʘʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʰʪʘʤʤʳ, ʩʧʦʩʦʙʥʳʝ ʚʳʞʠʚʘʪʴ ʚ ʨʘʟʣʠʯʥʳʭ ʧʦʯʚʘʭ ʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ʘʙʦʨʠʛʝʥʥʦʡ ʤʠʢʨʦʬʣʦʨʳ. ʈʠʩʫʥʦʢ 67 ʧʦʢʘʟʳʚʘʝʪ ʜʠʥʘʤʠʢʫ ʨʦʩʪʘ 

ʠʥʪʨʦʜʫʮʠʨʦʚʘʥʥʳʭ ʇʍɹ-ʜʝʛʨʘʜʠʨʫʶʱʠʭ ʰʪʘʤʤʦʚ ʚ ʙʠʦʘʫʛʤʝʥʪʠʨʦʚʘʥʥʳʭ 

ʩʠʩʪʝʤʘʭ. ʂʦʣʠʯʝʩʪʚʦ ʞʠʟʥʝʩʧʦʩʦʙʥʳʭ ʢʣʝʪʦʢ ʰʪʘʤʤʦʚ R. ruber P25 ʠ 

M. oxydans B51 ʥʝ ʫʤʝʥʴʰʘʣʦʩʴ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʘʙʦʨʠʛʝʥʥʦʡ ʤʠʢʨʦʬʣʦʨʳ 

ʠ ʚ ʦʪʩʫʪʩʪʚʠʠ ʪʘʢʦʛʦ ʩʝʣʝʢʪʠʚʥʦʛʦ ʬʘʢʪʦʨʘ, ʢʘʢ ʉʦʚʦʣ. ʆʜʥʘʢʦ, ʚ ʜʘʥʥʳʭ 

ʫʩʣʦʚʠʷʭ ʢʦʣʠʯʝʩʪʚʦ ʢʦʣʦʥʠʝʦʙʨʘʟʫʶʱʠʭ ʝʜʠʥʠʮ (ʂʆɽ) ʠʟʤʝʥʷʣʦʩʴ 

ʥʝʟʥʘʯʠʪʝʣʴʥʦ. 

ɺʥʝʩʝʥʠʝ ʉʦʚʦʣʘ ʧʨʠʚʦʜʠʣʦ ʢ ʫʚʝʣʠʯʝʥʠʶ ʢʦʣʠʯʝʩʪʚʘ ʢʣʝʪʦʢ ʰʪʘʤʤʦʚ 

R. ruber P25 ʠ M. oxydans B51 ʥʘ ʪʨʠ ʧʦʨʷʜʢʘ ʚ ʪʝʯʝʥʠʝ 45 ʜʥʝʡ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʧʨʠʩʫʪʩʪʚʠʝ ʉʦʚʦʣʘ ʦʙʝʩʧʝʯʠʣʦ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʳʡ ʨʦʩʪ 

ʙʘʢʪʝʨʠʘʣʴʥʳʭ ʰʪʘʤʤʦʚ-ʜʝʩʪʨʫʢʪʦʨʦʚ. ɸʥʘʣʦʛʠʯʥʦʝ ʠʟʤʝʥʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ 

ʙʘʢʪʝʨʠʡ-ʜʝʩʪʨʫʢʪʦʨʦʚ ʙʠʬʝʥʠʣʘ ʦʪʤʝʯʝʥʦ Di Toro ʩ ʢʦʣʣʝʛʘʤʠ (2006) ʧʨʠ 

ʨʘʟʣʦʞʝʥʠʠ ʇʍɹ ʚ S3 ʙʠʦʨʝʘʢʪʦʨʝ.  

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʢʠʥʝʪʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʨʦʩʪʘ ʰʪʘʤʤʦʚ R. ruber 

P25 ʠ M. oxydans B51 ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʨʘʟʣʠʯʘʣʠʩʴ ʤʝʞʜʫ ʩʠʩʪʝʤʘʤʠ ʩ ʣʝʩʥʦʡ 



252 
 

ʠ ʪʝʭʥʦʛʝʥʥʦ ʠʟʤʝʥʝʥʥʦʡ ʧʦʯʚʦʡ (ʪʘʙʣʠʮʘ 29). ʇʦ-ʚʠʜʠʤʦʤʫ, ʨʘʟʣʠʯʠʝ 

ʚ ʩʦʩʪʘʚʝ ʚʟʷʪʳʭ ʚ ʵʢʩʧʝʨʠʤʝʥʪ ʧʦʯʚ ʥʝ ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʷ ʥʘ ʩʧʦʩʦʙʥʦʩʪʴ 

ʠʩʩʣʝʜʫʝʤʳʭ ʰʪʘʤʤʦʚ ʨʘʩʪʠ ʚ ʙʠʦʘʫʛʤʝʥʪʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʝ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ʉʦʚʦʣʘ.  

 

ʈʠʩʫʥʦʢ 67 ï ɼʠʥʘʤʠʢʘ ʨʦʩʪʘ ʰʪʘʤʤʦʚ R. ruber P25 (1, 3) ʠ 

M. oxydans B51 (2, 4) ʚ ʣʝʩʥʦʡ (ʘ) ʠ ʪʝʭʥʦʛʝʥʥʦ ʠʟʤʝʥʝʥʥʦʡ ʧʦʯʚʝ (ʙ) ʩ 

ʚʥʝʩʝʥʠʝʤ ʉʦʚʦʣʘ (1, 2) ʠ ʙʝʟ ʚʥʝʩʝʥʠʷ ʉʦʚʦʣʘ (3, 4)  

 

ʊʘʙʣʠʮʘ 29 ï ʂʠʥʝʪʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʨʦʩʪʘ ʰʪʘʤʤʦʚ R. ruber P25 

ʠ M. oxydans B51 ʚ ʧʦʯʚʝʥʥʳʭ ʩʠʩʪʝʤʘʭ ʩ ʉʦʚʦʣʦʤ 

ʐʪʘʤʤʳ  ʊʝʭʥʦʛʝʥʥʦ ʠʟʤʝʥʝʥʥʘʷ ʧʦʯʚʘ ʃʝʩʥʘʷ ʧʦʯʚʘ 

ɛ (ʩʫʪ-1) td (ʩʫʪ) ɛ (ʩʫʪ-1) td (ʩʫʪ) 

R. ruber P25 0.138 Ñ 0.001 5.02 Ñ 0.01 0.141 Ñ 0.002 4.89 Ñ 0.01 

M. oxydans B51 0.154 Ñ 0.001 4.49 Ñ 0.02 0.146 Ñ 0.003 4.75 Ñ 0.01 

 

Rodrigues ʩ ʢʦʣʣʝʛʘʤʠ (2006) ʠʟʫʯʘʣ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʝ ʘʥʘʵʨʦʙʥʦ 

ʘʵʨʦʙʥʦʝ ʨʘʟʣʦʞʝʥʠʝ Aroclor 1242 (70 ʤʛ/ʢʛ) ʩ ʨʝʯʥʳʤʠ ʦʩʘʜʢʘʤʠ ʠ ʜʚʫʤʷ 

ʛʝʥʝʪʠʯʝʩʢʠ ʩʢʦʥʩʪʨʫʠʨʦʚʘʥʥʳʤʠ ʰʪʘʤʤʘʤʠ. ɹʘʢʪʝʨʠʘʣʴʥʳʝ ʰʪʘʤʤʳ ʙʳʣʠ 

ʩʧʦʩʦʙʥʳ ʟʥʘʯʠʪʝʣʴʥʦ ʨʘʟʣʘʛʘʪʴ ʥʠʟʢʦʭʣʦʨʠʨʦʚʘʥʥʳʝ ʙʠʬʝʥʠʣʳ ʚ ʦʩʘʜʢʘʭ 

ʧʦʩʣʝ ʘʥʘʵʨʦʙʥʦʡ ʩʪʘʜʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʧʨʠ ʵʪʦʤ ʢʦʣʠʯʝʩʪʚʦ ʢʣʝʪʦʢ 

ʫʚʝʣʠʯʠʚʘʣʦʩʴ ʥʘ 1ï2 ʧʦʨʷʜʢʘ. ʅʘʰʠ ʨʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʰʪʘʤʤʳ 

R. ruber P25 and M. oxydans B51 ʩʧʦʩʦʙʥʳ ʜʝʛʨʘʜʠʨʦʚʘʪʴ ʧʨʦʤʳʰʣʝʥʥʫʶ 

ʩʤʝʩʴ ʇʍɹ ʚ ʧʦʯʚʝ ʙʝʟ ʵʪʘʧʘ ʘʥʘʵʨʦʙʥʦʛʦ ʜʝʭʣʦʨʠʨʦʚʘʥʠʷ ʇʍɹ, ʧʨʠ ʵʪʦʤ 


