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Ɋɟфɟрат 
ɇɚ ɫɟɝɨɞɧɹɲɧɢɣ ɞɟɧɶ ɛɚɤɬɟɪɢɢ ɪɨɞɚ Rhodococcus ɢɦɟɸɬ ɜɚɠɧɨɟ 

ɩɪɨɦɵɲɥɟɧɧɨɟ ɡɧɚɱɟɧɢɟ ɛɥɚɝɨɞɚɪɹ ɫɩɨɫɨɛɧɨɫɬɢ ɢɫɩɨɥɶɡɨɜɚɬɶ ɜ ɤɚɱɟɫɬɜɟ 

ɢɫɬɨɱɧɢɤɚ ɭɝɥɟɪɨɞɚ ɢ ɷɧɟɪɝɢɢ ɬɪɭɞɧɨ ɪɚɡɥɚɝɚɟɦɵɟ ɜɟɳɟɫɬɜɚ (ɚɪɨɦɚɬɢɱɟɫɤɢɟ 

ɫɨɟɞɢɧɟɧɢɹ, ɧɢɬɪɢɥɵ, ɭɝɥɟɜɨɞɨɪɨɞɵ ɢ ɫɬɟɪɨɢɞɵ). Ɇɟɬɚɛɨɥɢɱɟɫɤɨɟ 

ɪɚɡɧɨɨɛɪɚɡɢɟ ɩɪɟɞɫɬɚɜɢɬɟɥɟɣ ɪ.Rhodococcus ɨɛɭɫɥɨɜɥɟɧɨ ɮɨɪɦɢɪɨɜɚɧɢɟɦ 

ɝɢɛɤɢɯ ɩɭɬɟɣ ɰɟɧɬɪɚɥɶɧɨɝɨ ɦɟɬɚɛɨɥɢɡɦɚ ɢ ɷɤɫɩɪɟɫɫɢɟɣ ɤɚɬɚɛɨɥɢɱɟɫɤɢɯ ɝɟɧɨɜ 

ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɫɬɪɟɫɫɨɜɵɯ ɮɚɤɬɨɪɨɜ ɫɪɟɞɵ.  

Ɉɞɧɚɤɨ ɩɨɢɫɤ ɧɨɜɵɯ ɩɪɨɞɭɰɟɧɬɨɜ ɜɬɨɪɢɱɧɵɯ ɦɟɬɚɛɨɥɢɬɨɜ ɫɪɟɞɢ 

ɪɨɞɨɤɨɤɤɨɜ ɩɨɤɚɡɚɥ, ɱɬɨ ɨɧɢ ɫɩɨɫɨɛɧɵ ɫɢɧɬɟɡɢɪɨɜɚɬɶ ɲɢɪɨɤɢɣ ɫɩɟɤɬɪ 

ɦɟɬɚɛɨɥɢɬɨɜ ɛɥɚɝɨɞɚɪɹ ɧɚɥɢɱɢɸ ɝɟɧɨɜ ɧɟɪɢɛɨɫɨɦɚɥɶɧɵɯ ɩɟɩɬɢɞɧɵɯ ɢ 

ɩɨɥɢɤɟɬɢɞɧɵɯ ɫɢɧɬɟɬɚɡ, ɭɱɚɫɬɜɭɸɳɢɯ ɜ ɫɢɧɬɟɡɟ ɚɧɬɢɛɢɨɬɢɤɨɜ ɢ 

ɫɢɞɟɪɨɮɨɪɨɜ. ɇɚɩɪɢɦɟɪ, ɞɥɹ ɲɬɚɦɦɨɜ Rhodococcus ɛɵɥɨ ɨɩɢɫɚɧɨ ɱɟɬɵɪɟ 

ɝɪɭɩɩɵ ɫɨɟɞɢɧɟɧɢɣ ɫ ɚɧɬɢɦɢɤɪɨɛɧɨɣ ɚɤɬɢɜɧɨɫɬɶɸ (ɥɚɪɢɚɧɬɢɧɨɜɵɟ 

ɩɟɩɬɢɞɧɵɟ ɚɧɬɢɛɢɨɬɢɤɢ, ɩɨɥɢɤɟɬɢɞɧɵɣ ɚɭɪɚɰɢɧ, ɪɨɞɨɩɟɩɬɢɧɵ ɢ 

ɯɟɦɨɦɢɰɢɧɵ) ɢ ɧɟɫɤɨɥɶɤɨ ɬɢɩɨɜ ɫɢɞɟɪɨɮɨɪɨɜ (ɝɟɬɟɪɨɛɚɤɬɢɧ, ɪɨɞɨɛɚɤɬɢɧ ɢ 

ɪɟɯɢɯɟɥɢɧ).  

 Шɬɚɦɦ ɛɚɤɬɟɪɢɣ ɪɨɞɚ Rhodococcus ɛɵɥ ɜɵɞɟɥɟɧ ɢɡ ɦɢɧɟɪɚɥɚ 

ɫɟɪɩɟɧɬɢɧɢɬɚ ɏɚɥɢɥɨɜɫɤɨɝɨ ɦɟɫɬɨɪɨɠɞɟɧɢɹ (Ɉɪɟɧɛɭɪɝɫɤɚɹ ɨɛɥɚɫɬɶ, Ɋɨɫɫɢɹ). 

ȼɵɞɟɥɟɧɢɟ ɩɪɨɜɨɞɢɥɢ ɧɚ ɫɪɟɞɟ Ʌɭɪɢɢ-Ȼɟɪɬɚɧɢ (ɅȻ), ɫɨɫɬɨɹɳɟɣ (ɝ/ɥ): 

ɬɪɢɩɬɨɧ (10), ɞɪɨɠɠɟɜɨɣ ɷɤɫɬɪɚɤɬ (5), NaCl (5), ɚɝɚɪ (20). 

ȼɵɞɟɥɟɧɢɟ ɝɟɧɨɦɧɨɣ ȾɇɄ ɩɪɨɜɨɞɢɥɢ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɧɚɛɨɪɚ Fast 

DNA™ SPIN Kit (MP Biomedicals, USA). ɉɨɞɝɨɬɨɜɤɚ ȾɇɄ-ɛɢɛɥɢɨɬɟɤɢ 

ɩɪɨɜɨɞɢɥɚɫɶ ɫ ɩɨɦɨɳɶɸ ɧɚɛɨɪɚ NEBNext Ultra™ DNA Library Prep Kit for 

Illumina (NEB) ɫɨɝɥɚɫɧɨ ɢɧɫɬɪɭɤɰɢɹɦ ɩɪɨɢɡɜɨɞɢɬɟɥɹ. ɉɨɥɧɨɝɟɧɨɦɧɨɟ 

ɫɟɤɜɟɧɢɪɨɜɚɧɢɟ ɲɬɚɦɦɚ ɛɵɥɨ ɜɵɩɨɥɧɟɧɨ ɧɚ ɩɥɚɬɮɨɪɦɟ Miseq (Illumina) ɜ 

ɪɟɠɢɦɟ ɩɚɪɧɨɤɨɧɰɟɜɨɝɨ ɱɬɟɧɢɹ ɫ ɞɥɢɧɨɣ ɪɢɞɚ 250 ɩ.ɨ.  

ɉɪɟɞɜɚɪɢɬɟɥɶɧɚɹ ɨɛɪɚɛɨɬɤɚ ɞɚɧɧɵɯ ɫɟɤɜɟɧɢɪɨɜɚɧɢɹ ɜɤɥɸɱɚɥɚ ɨɰɟɧɤɭ 

ɤɚɱɟɫɬɜɚ ɩɨɥɭɱɟɧɧɵɯ ɪɢɞɨɜ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɩɪɨɝɪɚɦɦɵ FastQC (v0.11.3) 

[Andrews, 2010]. ɉɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɚɞɚɩɬɟɪɨɜ ɢ ɧɭɤɥɟɨɬɢɞɵ ɧɢɡɤɨɝɨ 
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ɤɚɱɟɫɬɜɚ ɛɵɥɢ ɭɞɚɥɟɧɵ ɫ ɩɨɦɨɳɶɸ Trimmomatic (v0.36) [Bolger et al., 2014]. 

De novo-ɫɛɨɪɤɚ ɨɫɭɳɟɫɬɜɥɹɥɚɫɶ ɩɪɢ ɩɨɦɨɳɢ ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ Ray 

(v2.3.1) ɫ ɪɚɡɥɢɱɧɨɣ ɱɚɫɬɨɬɨɣ k-ɦɟɪɨɜ [Pevzner et al., 2001]. Ʉɚɱɟɫɬɜɨ 

ɩɨɥɭɱɟɧɧɵɯ ɫɛɨɪɨɤ ɨɰɟɧɢɜɚɥɨɫɶ ɩɪɢ ɩɨɦɨɳɢ ɢɧɫɬɪɭɦɟɧɬɚ QUAST (v4.6.2) 

[Gurevich et al., 2013]. Ɏɭɧɤɰɢɨɧɚɥɶɧɚɹ ɚɧɧɨɬɚɰɢɹ ɝɟɧɨɦɚ ɛɵɥɚ ɩɪɨɜɟɞɟɧɚ ɫ 

ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɫɟɪɜɟɪɚ RAST 2.0 ɢ ɭɬɢɥɢɬɵ Proka (v1.13) [Aziz et al., 2008; 

Seemann, 2014].  

Ƚɟɧɟɬɢɱɟɫɤɚɹ ɢɞɟɧɬɢɮɢɤɚɰɢɹ ɲɬɚɦɦɚ ɛɵɥɚ ɜɵɩɨɥɧɟɧɚ ɦɟɬɨɞɨɦ 

ɫɪɚɜɧɟɧɢɹ ɧɭɤɥɟɨɬɢɞɧɵɯ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɟɣ ɝɟɧɨɜ 16S ɪɊɇɄ 

ɩɪɟɞɫɬɚɜɢɬɟɥɟɣ ɪɨɞɚ Rhodococcus ɚɥɝɨɪɢɬɦɨɦ BLAST. Ɏɢɥɨɝɟɧɟɬɢɱɟɫɤɢɟ 

ɞɪɟɜɚ ɛɵɥɢ ɩɨɫɬɪɨɟɧɵ ɩɪɢ ɩɨɦɨɳɢ ɦɟɬɨɞɚ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɩɪɚɜɞɨɩɨɞɨɛɢɹ, 

ɪɟɚɥɢɡɨɜɚɧɧɨɝɨ ɜ ɩɚɤɟɬɟ SeaView (v4.7)  ɢ ɦɟɬɨɞɚ ɩɪɢɫɨɟɞɢɧɟɧɢɹ ɫɨɫɟɞɟɣ ɜ 

ɩɪɨɝɪɚɦɦɟ MEGA 7 [Gouy et al., 2010; Kumar et al., 2016]. ȼɢɞɨɜɭɸ 

ɩɪɢɧɚɞɥɟɠɧɨɫɬɶ ɲɬɚɦɦɚ Rhodococcus ɨɫɭɳɟɫɬɜɥɹɥɢ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ 

ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ EDGAR 2.0 ɧɚ ɨɫɧɨɜɟ ɦɚɬɪɢɰ ɫɪɟɞɧɟɣ 

ɚɦɢɧɨɤɢɫɥɨɬɧɨɣ ɢɞɟɧɬɢɱɧɨɫɬɢ (AAI) ɢ ɫɪɟɞɧɟɣ ɧɭɤɥɟɨɬɢɞɧɨɣ ɢɞɟɧɬɢɱɧɨɫɬɢ 

(ANI) [Blom et al., 2016]. 

ɉɨɢɫɤ ɛɢɨɫɢɧɬɟɬɢɱɟɫɤɢɯ ɤɥɚɫɬɟɪɨɜ ɝɟɧɨɜ, ɜɨɜɥɟɱɟɧɧɵɯ ɜ ɫɢɧɬɟɡ 

ɜɬɨɪɢɱɧɵɯ ɦɟɬɚɛɨɥɢɬɨɜ, ɜ ɝɟɧɨɦɟ ɲɬɚɦɦɚ Rhodococcus ɛɵɥ ɜɵɩɨɥɧɟɧ ɫ 

ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɩɪɨɝɪɚɦɦɧɨɝɨ ɩɪɨɞɭɤɬɚ AntiSmash, ɤɨɬɨɪɵɣ ɩɭɬɟɦ 

ɫɤɚɧɢɪɨɜɚɧɢɹ ɝɟɧɨɦɚ, ɞɟɬɟɤɬɢɪɭɟɬ ɤɥɚɫɬɟɪɵ, ɫɨɞɟɪɠɚɳɢɟ ɝɟɧɵ ɦɨɞɭɥɹɪɧɵɯ 

ɩɨɥɢɤɟɬɢɞɧɵɯ ɫɢɧɬɟɬɚɡ ɢ ɧɟɪɢɛɨɫɨɦɚɥɶɧɵɯ ɩɟɩɬɢɞɧɵɯ ɫɢɧɬɟɬɚɡ [Weber et 

al., 2015]. 

Иɡɦɟɪɟɧɢɟ ɩɪɨɞɭɤɰɢɢ ɫɢɞɟɪɨɮɨɪɨɜ ɤɚɬɟɯɨɥɨɜɨɝɨ ɬɢɩɚ ɨɫɭɳɟɫɬɜɥɹɥɢ  

ɦɟɬɨɞɨɦ Ⱥɪɧɨɭ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɩɥɚɧɲɟɬɧɨɝɨ ɫɩɟɤɬɪɨɮɨɬɨɦɟɬɪɚ iMark™ 

(BioRad, USA) ɩɪɢ ɞɥɢɧɟ ɜɨɥɧɵ 490ɧɦ [Arnow, 1937; ɏɢɥɹɫ ɫ ɫɨɚɜɬ., 2015].  

Ɋɨɫɬ ɛɚɤɬɟɪɢɚɥɶɧɵɯ ɤɥɟɬɨɤ ɞɟɬɟɤɬɢɪɨɜɚɥɢ ɩɪɢ ɞɥɢɧɟ ɜɨɥɧɵ 595ɧɦ. 

Ȼɚɤɬɟɪɢɸ R. qingishengii S10 ɜɵɪɚɳɢɜɚɥɢ ɜ 5ɦɥ ɫɪɟɞɵ ɅȻ ɜ ɬɟɱɟɧɢɟ 24ɱ 

ɩɪɢ ɢɧɬɟɧɫɢɜɧɨɦ ɩɟɪɟɦɟɲɢɜɚɧɢɢ (250rpm) ɢ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ +30ɨɋ. ɉɨɫɥɟ 

ɨɫɚɠɞɟɧɢɹ ɤɥɟɬɤɢ ɩɪɨɦɵɜɚɥɢ ɮɨɫɮɚɬɧɵɦ ɛɭɮɟɪɨɦ ɢ ɜɧɨɫɢɥɢ ɜ ɦɢɧɟɪɚɥɶɧɭɸ 
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ɫɪɟɞɭ Ɇ9, ɫɨɞɟɪɠɚɳɭɸ (ɝ/ɥ): Na2HPO4 (6.77); KH2PO4 (3); NaCl (0.5); NH4Cl 

(1); pH 6.9-7.0. ȼ ɤɚɱɟɫɬɜɟ ɟɞɢɧɫɬɜɟɧɧɨɝɨ ɢɫɬɨɱɧɢɤɚ ɭɝɥɟɪɨɞɚ ɢɫɩɨɥɶɡɨɜɚɥɚɫɶ  

ɝɥɸɤɨɡɚ ɜ ɤɨɧɟɱɧɨɣ ɤɨɧɰɟɧɬɪɚɰɢɟɣ 100 mM. ȼ ɦɢɧɟɪɚɥɶɧɭɸ ɫɪɟɞɭ Ɇ9 

ɜɧɨɫɢɥɢ ɪɚɫɬɜɨɪɵ MgSO4×7H2O ɢ CaCl2 ɜ ɤɨɧɟɱɧɨɣ ɤɨɧɰɟɧɬɪɚɰɢɢ 246 ɢ 

100μM, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. ȼ ɤɚɱɟɫɬɜɟ ɨɫɧɨɜɧɨɝɨ ɯɟɥɚɬɨɪɚ ɢɨɧɨɜ ɠɟɥɟɡɚ 

ɢɫɩɨɥɶɡɨɜɚɥɫɹ 2.2-ɛɢɩɢɪɢɞɢɥ (BIP) ɜ ɤɨɧɟɱɧɨɣ ɤɨɧɰɟɧɬɪɚɰɢɢ 50μM. 

Ʉɨɧɬɪɨɥɶɧɵɟ ɷɤɫɩɟɪɢɦɟɧɬɵ ɩɪɨɜɨɞɢɥɢ ɫ ɞɨɛɚɜɥɟɧɢɟɦ ɜ ɫɪɟɞɭ FeCl3 ɜ 

ɤɨɧɟɱɧɨɣ ɤɨɧɰɟɧɬɪɚɰɢɢ 100ɦM.  

Ʉɥɟɬɤɢ R. qingishengii S10 ɤɭɥɶɬɢɜɢɪɨɜɚɥɢ ɜ 1ɥ ɦɢɧɟɪɚɥɶɧɨɣ ɫɪɟɞɵ Ɇ9 ɜ 

ɬɟɱɟɧɢɟ 48ɱ ɜ ɭɫɥɨɜɢɹɯ ɚɷɪɚɰɢɢ (200rpm) ɢ ɬɟɦɩɟɪɚɬɭɪɟ +30ɨɋ. ɉɨɫɥɟ 

ɨɫɚɠɞɟɧɢɹ ɤɥɟɬɨɤ R. qingishengii S10, ɩɨɥɭɱɟɧɧɭɸ ɤɭɥɶɬɭɪɚɥɶɧɭɸ ɠɢɞɤɨɫɬɶ 

(ɄЖ) ɩɪɨɩɭɫɤɚɥɢ ɱɟɪɟз ɤɚɪɬɪɢɞɠɢ ɋ18. Эɥɸɰɢɸ ɦɟɬɚɛɨɥɢɬɨɜ ɩɪɨɜɨɞɢɥɢ 

100% ɦɟɬɚɧɨɥɨɦ ɢ 75% ɚɰɟɬɨɧɢɬɪɢɥɨɦ (ACN). Эɥɸɚɬ ɜɵɫɭɲɢɜɚɥɢ ɢ 

ɤɨɧɰɟɧɬɪɢɪɨɜɚɥɢ ɧɚ ɜɚɤɭɭɦɧɨɦ ɢɫɩɚɪɢɬɟɥɟ Concentrator plus (Eppendorf, 

Germany). 

ɏɪɨɦɚɬɨɝɪɚɮɢɱɟɫɤɢɣ ɚɧɚɥɢɡ ɬɨɬɚɥɶɧɨɣ ɦɟɬɚɧɨɥɶɧɨɣ ɮɪɚɤɰɢɢ R. 

qingishengii S10 ɨɫɭɳɟɫɬɜɥɹɥɢ ɦɟɬɨɞɨɦ ȼЭЖɏ ɧɚ ɯɪɨɦɚɬɨɝɪɚɮɟ Ultimate 

3000 (Thermo Scientific, USA) ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɨɛɪɚɬɧɨɮɚɡɧɨɣ ɋ18 ɤɨɥɨɧɤɢ 

(Polar Advantage II, Thermo Scientific) ɫ ɞɟɬɟɤɰɢɟɣ ɩɪɢ 220, 260 ɢ 280ɧɦ. 

ɉɨɞɜɢɠɧɚɹ ɮɚɡɚ: ɜɨɞɚ/ɚɰɟɬɨɧɢɬɪɢɥ ɫ 0.01% ɌɎɍ (Ⱥ=99.99% ɜɨɞɚ/0.01% 

ɌɎɍ; ȼ=80% ɚɰɟɬɨɧɢɬɪɢɥ/19.99% ɜɨɞɚ/0.01% ɌɎɍ). ɋɤɨɪɨɫɬɶ ɩɨɬɨɤɚ 1 

ɦɥ/ɦɢɧ, ɬɟɦɩɟɪɚɬɭɪɚ ɪɚɡɞɟɥɟɧɢɹ 220ɋ. 

Ⱦɥɹ ɢɞɟɧɬɢɮɢɤɚɰɢɢ ɯɢɦɢɱɟɫɤɨɣ ɫɬɪɭɤɬɭɪɵ ɫɢɞɟɪɨɮɨɪɨɜ ɢɫɩɨɥɶɡɨɜɚɥɢ 

Maxis impact LC-MS (Maxis Impact, Bruker), ɤɨɦɛɢɧɢɪɨɜɚɧɧɵɣ 

ɤɜɚɞɪɭɩɨɥɶɧɨ-ɜɪɟɦɹɩɪɨɥɟɬɧɵɣ ɦɚɫɫ-ɫɩɟɤɬɪɨɦɟɬɪ ɫ ɢɨɧɢɡɚɰɢɟɣ 

ɷɥɟɤɬɪɨɫɩɪɟɟɦ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɬɨɱɧɨɣ ɦɚɫɫɵ ɢ ɧɟɢɫɤɚɠɟɧɧɨɝɨ ɢɡɨɬɨɩɧɨɝɨ 

ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɜ ɪɟɠɢɦɚɯ MS ɢ MS/MS 

ȼ ɤɚɱɟɫɬɜɟ ɢɫɬɨɱɧɢɤɚ ɧɨɜɵɯ ɜɬɨɪɢɱɧɵɯ ɦɟɬɚɛɨɥɢɬɨɜ ɛɵɥ ɜɵɞɟɥɟɧ ɢɡ 

ɦɢɧɟɪɚɥɚ ɫɟɪɩɟɧɬɢɧɢɬɚ ɢɡɨɥɹɬ ɛɚɤɬɟɪɢɢ S10, ɨɬɧɟɫɟɧɧɵɣ ɩɨ ɪɟɡɭɥɶɬɚɬɚɦ 

ɮɢɥɨɝɟɧɟɬɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚ ɤ  ɜɢɞɭ R. qinshengii S10. Ⱥɧɧɨɬɢɪɨɜɚɧɢɟ ɝɟɧɨɦɚ 
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R. qinshengii S10 ɢ ɩɨɢɫɤ ɛɢɨɫɢɧɬɟɬɢɱɟɫɤɢɯ ɤɥɚɫɬɟɪɨɜ ɝɟɧɨɜ, ɜɨɜɥɟɱɟɧɧɵɯ ɜ 

ɫɢɧɬɟɡ ɜɬɨɪɢɱɧɵɯ ɦɟɬɚɛɨɥɢɬɨɜ, ɩɨɡɜɨɥɢɥ ɨɛɧɚɪɭɠɢɬɶ ɞɜɚ NRPS ɤɥɚɫɬɟɪɚ, 

ɢɦɟɸɳɢɯ ɜɵɫɨɤɭɸ ɝɨɦɨɥɨɝɢɸ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɟɣ ɫ ɝɟɧɚɦɢ, ɨɬɜɟɬɫɬɜɟɧɧɵɯ 

ɡɚ ɫɢɧɬɟɡ ɫɢɞɟɪɨɮɨɪɨɜ ɝɟɬɟɪɨɛɚɤɬɢɧɚ ɢ ɚɥɶɛɚɯɟɥɢɧɚ R. qingshengii BKS 20-

40.  

Ʉɥɚɫɬɟɪ NRPS-ɧɟɡɚɜɢɫɢɦɨɝɨ ɛɢɨɫɢɧɬɟɡɚ ɝɟɬɟɪɨɛɚɤɬɢɧɚ R. qingishengii 

S10 ɫɨɫɬɨɢɬ ɢɡ ɬɪɟɯ ɝɥɚɜɧɵɯ, ɬɪɟɯ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ, ɱɟɬɵɪɟɯ ɬɪɚɧɫɩɨɪɬɧɵɯ ɢ 

ɨɞɧɨɝɨ ɪɟɝɭɥɹɬɨɪɧɨɝɨ ɛɢɨɫɢɧɬɟɬɢɱɟɫɤɨɝɨ ɝɟɧɨɜ. Ʉɥɚɫɬɟɪ NRPS-ɧɟɡɚɜɢɫɢɦɨɝɨ 

ɛɢɨɫɢɧɬɟɡɚ ɚɥɶɛɚɯɟɥɢɧɚ R. qingishengii S10 ɫɨɫɬɨɢɬ ɢɡ ɞɜɭɯ ɝɥɚɜɧɵɯ, ɩɹɬɢ 

ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɢ ɞɜɭɯ ɬɪɚɧɫɩɨɪɬɧɵɯ ɛɢɨɫɢɧɬɟɬɢɱɟɫɤɨɝɨ ɝɟɧɨɜ. Ɏɭɧɤɰɢɢ 

ɞɪɭɝɢɯ ɝɟɧɨɜ, ɜɯɨɞɹɳɢɯ ɜ ɤɥɚɫɬɟɪ, ɨɫɬɚɸɬɫɹ ɧɟɢɞɟɧɬɢɮɢɰɢɪɨɜɚɧɧɵɦɢ 

ȼ ɯɨɞɟ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɛɵɥɨ ɩɨɤɚɡɚɧɨ, ɱɬɨ R. qingishengii S10 

ɩɪɨɞɭɰɢɪɭɟɬ ɦɚɤɫɢɦɚɥɶɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɫɢɞɟɪɨɮɨɪɨɜ ɤɚɬɟɯɨɥɨɜɨɝɨ ɬɢɩɚ ɜ 

ɤɨɧɰɟɧɬɪɚɰɢɢ 400ɦɤM ɧɚ 48ɱ ɤɭɥɶɬɢɜɢɪɨɜɚɧɢɹ ɜ ɫɪɟɞɟ, ɫɨɞɟɪɠɚɳɟɣ 100mM 

ɝɥɸɤɨɡɵ. ȼ ɫɥɭɱɚɟ ɞɨɛɚɜɥɟɧɢɹ ɜ ɫɪɟɞɭ ɤɭɥɶɬɢɜɢɪɨɜɚɧɢɹ 50mM ɝɥɸɤɨɡɵ 

ɦɚɤɫɢɦɚɥɶɧɚɹ ɩɪɨɞɭɤɰɢɹ ɫɢɞɟɪɨɮɨɪɨɜ ɩɪɢɯɨɞɢɥɚɫɶ ɧɚ 78ɱ ɪɨɫɬɚ ɛɚɤɬɟɪɢɢ ɢ 

ɫɨɫɬɚɜɢɥɚ 300ɦɤM   

ɋɩɟɤɬɪɨɦɟɬɪɢɱɟɫɤɨɟ ɢɫɫɥɟɞɨɜɚɧɢɟ ɫɢɞɟɪɨɮɨɪɨɜ R. gingshengii S10 

ɨɛɧɚɪɭɠɢɥɨ ɩɪɨɞɭɤɰɢɸ ɤɚɬɟɯɨɥɨɜɵɯ ɫɢɞɟɪɨɮɨɪɨɜ ɫ ɯɢɦɢɱɟɫɤɢɦɢ 

ɮɨɪɦɭɥɚɦɢ C17H32N3O4, C54H67N14O20, ɤɨɬɨɪɵɟ ɦɨɝɭɬ ɫɨɨɬɜɟɬɫɬɜɨɜɚɬɶ 

ɝɟɬɟɪɨɛɚɤɬɢɧɭ ɢ ɞɢɝɟɬɟɪɨɛɚɤɬɢɧɭ. ɋɬɪɭɤɬɭɪɭ, ɨɫɬɚɥɶɧɵɯ ɫɢɞɟɪɨɮɨɪɨɜ, 

ɩɪɨɞɭɰɢɪɭɟɦɵɯ ɲɬɚɦɦɨɦ R. qingishengii S10 ɟɳɟ ɩɪɟɞɫɬɨɢɬ ɨɤɨɧɱɚɬɟɥɶɧɨ 

ɭɫɬɚɧɨɜɢɬɶ. 
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Ввɟɞɟɧиɟ 

Ȼɚɤɬɟɪɢɢ ɪɨɞɚ Rhodococcus ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɦɟɬɚɛɨɥɢɱɟɫɤɢ 

ɪɚɡɧɨɪɨɞɧɵɟ ɚɤɬɢɧɨɛɚɤɬɟɪɢɢ, ɲɢɪɨɤɨ ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɵɟ ɜ ɨɤɪɭɠɚɸɳɟɣ 

ɫɪɟɞɟ ɢ ɧɚɲɟɞɲɢɟ ɩɪɢɦɟɧɟɧɢɟ ɜ ɩɪɨɰɟɫɫɚɯ ɛɢɨɪɟɦɟɞɢɚɰɢɢ, 

ɛɢɨɬɪɚɧɫɮɨɪɦɚɰɢɢ ɢ ɛɢɨɤɚɬɚɥɢɡɚ. Ɋɨɞɨɤɨɤɤɢ, ɧɚɫɟɥɹɹ ɷɤɫɬɪɟɦɚɥɶɧɵɟ 

ɷɤɨɥɨɝɢɱɟɫɤɢɟ ɧɢɲɢ, ɢɦɟɸɬ ɪɹɞ ɩɪɟɢɦɭɳɟɫɬɜ, ɩɨɫɤɨɥɶɤɭ ɰɟɥɵɣ ɫɩɟɤɬɪ 

ɫɬɪɟɫɫɨɜɵɯ ɮɚɤɬɨɪɨɜ ɫɩɨɫɨɛɫɬɜɭɟɬ ɪɚɡɜɢɬɢɸ ɭ ɧɢɯ ɭɧɢɤɚɥɶɧɵɯ 

ɦɟɬɚɛɨɥɢɱɟɫɤɢɯ ɩɭɬɟɣ. 

ɇɟɫɦɨɬɪɹ ɧɚ ɡɧɚɱɢɬɟɥɶɧɵɣ ɩɪɨɝɪɟɫɫ ɜ ɢɡɭɱɟɧɢɢ ɛɚɤɬɟɪɢɣ ɪɨɞɚ 

Rhodococcus, ɫɨɜɫɟɦ ɧɟɞɚɜɧɨ ɧɚɱɚɥɢɫɶ ɢɫɫɥɟɞɨɜɚɧɢɹ, ɩɨɫɜɹɳɟɧɧɵɟ 

ɢɫɫɥɟɞɨɜɚɧɢɸ ɪɚɡɧɨɨɛɪɚɡɢɹ ɫɢɧɬɟɡɢɪɭɟɦɵɯ ɢɦɢ ɜɬɨɪɢɱɧɵɯ ɦɟɬɚɛɨɥɢɬɨɜ. 

ȼɨɡɪɚɫɬɚɸɳɢɣ ɢɧɬɟɪɟɫ ɤ ɦɢɤɪɨɛɧɵɦ ɜɬɨɪɢɱɧɵɦ ɦɟɬɚɛɨɥɢɬɚɦ ɨɛɭɫɥɨɜɥɟɧ 

ɬɟɦ, ɱɬɨ ɢɦɟɧɧɨ ɤ ɧɢɦ ɨɬɧɨɫɹɬɫɹ ɢɡɜɟɫɬɧɵɟ ɤɥɚɫɫɵ ɚɧɬɢɛɢɨɬɢɤɨɜ 

(ɩɟɧɢɰɢɥɥɢɧ ɢ ɜɚɧɤɨɦɢɰɢɧ), ɩɪɨɬɢɜɨɨɩɭɯɨɥɟɜɵɟ ɫɨɟɞɢɧɟɧɢɹ ɢ ɰɢɬɨɫɬɚɬɢɤɢ 

(ɛɥɟɨɦɢɰɢɧ), ɩɪɨɬɢɜɨɜɨɫɩɚɥɢɬɟɥɶɧɵɟ ɫɪɟɞɫɬɜɚ ɢ ɢɦɦɭɧɨɞɟɩɪɟɫɫɚɧɬɵ 

(ɰɢɤɥɨɫɩɨɪɢɧ Ⱥ), ɬɨɤɫɢɧɵ ɢ ɫɢɞɟɪɨɮɨɪɵ [Rausch et al., 2007]. 

ɋɢɧɬɟɡ ɲɢɪɨɤɨɝɨ ɫɩɟɤɬɪɚ ɜɬɨɪɢɱɧɵɯ ɦɟɬɚɛɨɥɢɬɨɜ ɪɨɞɨɤɨɤɤɚɦɢ 

ɨɛɭɫɥɨɜɥɟɧ ɧɚɥɢɱɢɟɦ ɧɟɪɢɛɨɫɨɦɚɥɶɧɵɯ ɩɟɩɬɢɞɧɵɯ ɢ ɩɨɥɢɤɟɬɢɞɧɵɯ 

ɫɢɧɬɟɬɚɡ. ȼ ɱɚɫɬɧɨɫɬɢ, ɛɢɨɢɧɮɨɪɦɚɬɢɱɟɫɤɢɣ ɚɧɚɥɢɡ ɜɩɟɪɜɵɟ 

ɩɪɨɫɟɤɜɟɧɢɪɨɜɚɧɧɨɝɨ ɝɟɧɨɦɚ R. jostii RHA1 ɩɨɡɜɨɥɢɥ ɨɛɧɚɪɭɠɢɬɶ 24 

ɧɟɪɢɛɨɫɨɦɚɥɶɧɵɟ ɩɟɩɬɢɞɧɵɟ ɫɢɧɬɟɬɚɡɵ ɢ 7 ɩɨɥɢɤɟɬɢɞɧɵɯ ɫɢɧɬɟɬɚɡ, 

ɭɱɚɫɬɜɭɸɳɢɯ ɜ ɫɢɧɬɟɡɟ ɫɢɞɟɪɨɮɨɪɨɜ, ɩɢɝɦɟɧɬɨɜ ɢ ɚɧɬɢɛɢɨɬɢɤɨɜ [McLeod et 

al., 2006]. ɋɪɟɞɢ ɜɬɨɪɢɱɧɵɯ ɦɟɬɚɛɨɥɢɬɨɜ ɨɫɨɛɨɟ ɩɨɥɨɠɟɧɢɟ ɡɚɧɢɦɚɸɬ 

ɧɢɡɤɨɦɨɥɟɤɭɥɹɪɧɵɟ ɯɟɥɚɬɨɪɵ ɠɟɥɟɡɚ – ɫɢɞɟɪɨɮɨɪɵ. ɋɢɞɟɪɨɮɨɪɵ ɜɵɩɨɥɧɹɸɬ 

ɧɟ ɬɨɥɶɤɨ ɮɭɧɤɰɢɸ ɞɨɫɬɚɜɤɢ ɠɟɥɟɡɚ ɜ ɤɥɟɬɤɭ, ɧɨ ɬɚɤɠɟ ɨɛɟɫɩɟɱɢɜɚɸɬ ɡɚɳɢɬɭ 

ɛɚɤɬɟɪɢɚɥɶɧɵɯ ɤɥɟɬɨɤ ɨɬ ɨɤɢɫɥɢɬɟɥɶɧɨɝɨ ɫɬɪɟɫɫɚ, ɜɵɩɨɥɧɹɸɬ ɮɭɧɤɰɢɢ 

ɫɢɝɧɚɥɶɧɵɯ ɦɨɥɟɤɭɥ ɢ ɚɧɬɢɦɢɤɪɨɛɧɵɯ ɚɝɟɧɬɨɜ. Ɋɚɧɟɟ ɛɵɥɚ 

ɩɪɨɞɟɦɨɧɫɬɪɢɪɨɜɚɧɚ ɫɩɨɫɨɛɧɨɫɬɶ ɩɪɨɞɭɤɰɢɢ ɧɟɫɤɨɥɶɤɢɯ ɬɢɩɨɜ ɫɢɞɟɪɨɮɨɪɨɜ 

ɪɨɞɨɤɨɤɤɚɦɢ: ɪɟɯɢɯɟɥɢɧɚ, ɝɟɬɟɪɨɛɚɤɬɢɧɚ ɢ ɪɨɞɨɯɟɥɢɧɚ [CasoLuengo et al., 

2008; 2012; Bosello et al., 2011; 2013]. 
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ɐɟɥɶɸ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɵ ɹɜɢɥɚɫɶ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɲɬɚɦɦɚ Rhodococcus 

qingishengii S10 ɤɚɤ ɢɫɬɨɱɧɢɤɚ ɧɨɜɵɯ ɜɬɨɪɢɱɧɵɯ ɦɟɬɚɛɨɥɢɬɨɜ. 

ȼ ɯɨɞɟ ɞɚɧɧɨɣ ɪɚɛɨɬɵ ɪɟɲɚɥɢɫɶ ɫɥɟɞɭɸɳɢɟ ɡɚɞɚɱɢ: 

1) ɉɪɨɫɟɤɜɟɧɢɪɨɜɚɬɶ ɢ ɚɧɧɨɬɢɪɨɜɚɬɶ ɝɟɧɨɦ ɜɵɞɟɥɟɧɧɨɝɨ ɢɡɨɥɹɬɚ S10.  

2) Ɉɩɪɟɞɟɥɢɬɶ ɬɚɤɫɨɧɨɦɢɱɟɫɤɭɸ ɩɪɢɧɚɞɥɟɠɧɨɫɬɶ ɢɡɨɥɹɬɚ S10. 

3) Иɞɟɧɬɢɮɢɰɢɪɨɜɚɬɶ ɝɟɧɧɵɟ ɤɥɚɫɬɟɪɵ ɛɢɨɫɢɧɬɟɡɚ ɫɢɞɟɪɨɮɨɪɨɜ ɜ ɝɟɧɨɦɟ 

R. qingishengii S10. 

4) Иɫɫɥɟɞɨɜɚɬɶ ɩɪɨɞɭɤɰɢɸ ɫɢɞɟɪɨɮɨɪɨɜ ɲɬɚɦɦɨɦ R. qingishengii S10 

ɤɚɥɨɪɢɦɟɬɪɢɱɟɫɤɢɦ ɢ ɫɩɟɤɬɪɨɦɟɬɪɢɱɟɫɤɢɦ ɦɟɬɨɞɚɦɢ ɚɧɚɥɢɡɚ. 
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Вывɨɞы 

1. ȼ ɪɟɡɭɥɶɬɚɬɟ ɫɛɨɪɤɢ ɝɟɧɨɦɚ R. qingishengii S10 ɛɵɥ ɩɨɥɭɱɟɧ 81 ɨɬɞɟɥɶɧɵɣ 

ɧɟɩɪɟɪɵɜɧɵɣ ɮɪɚɝɦɟɧɬ (ɤɨɧɬɢɝ) ɪɚɡɦɟɪɨɦ 7 184 029 ɩ.ɨ. ɢ 33 ɫɤɚɮɮɨɥɞɚ 

ɨɛɳɟɣ ɞɥɢɧɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ 6 442 213 ɩ.ɨ. Ɉɛɳɟɟ ɱɢɫɥɨ 

ɩɪɟɞɫɤɚɡɚɧɧɵɯ ɛɟɥɨɤ-ɤɨɞɢɪɭɸɳɢɯ ɝɟɧɨɜ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɢɫɩɨɥɶɡɨɜɚɧɧɨɝɨ 

ɫɩɨɫɨɛɚ ɚɧɧɨɬɚɰɢɢ ɫɨɫɬɚɜɢɥɨ 6895 ɢ 7000 ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɟɣ. 

2. ȼɵɞɟɥɟɧɧɵɣ ɢɡɨɥɹɬ ɛɚɤɬɟɪɢɢ S10 ɧɚ ɨɫɧɨɜɚɧɢɢ ɫɪɚɜɧɟɧɢɹ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɟɣ ɝɟɧɚ 16S ɪɊɇɄ ɛɵɥ ɨɬɧɟɫɟɧ ɤ ɪɨɞɭ Rhodococcus. ɉɨ 

ɪɟɡɭɥɶɬɚɬɚɦ ANI ɚɧɚɥɢɡɚ ɛɵɥɚ ɨɩɪɟɞɟɥɟɧɚ 98.59% ɢɞɟɧɬɢɱɧɨɫɬɶ 

ɜɵɞɟɥɟɧɧɨɝɨ ɢɡɨɥɹɬɚ Rhodococcus sp. S10 ɤ ɩɪɟɞɫɬɚɜɢɬɟɥɸ R. qinshengii CS98 

3. ɉɨɢɫɤ ɛɢɨɫɢɧɬɟɬɢɱɟɫɤɢɯ ɤɥɚɫɬɟɪɨɜ ɝɟɧɨɜ, ɜɨɜɥɟɱɟɧɧɵɯ ɜ ɫɢɧɬɟɡ 

ɜɬɨɪɢɱɧɵɯ ɦɟɬɚɛɨɥɢɬɨɜ, ɜ ɝɟɧɨɦɟ ɲɬɚɦɦɚ R. qingishengii S10 ɨɛɧɚɪɭɠɢɥ ɞɜɚ 

NRPS ɤɥɚɫɬɟɪɚ, ɢɦɟɸɳɢɯ ɜɵɫɨɤɭɸ ɝɨɦɨɥɨɝɢɸ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɟɣ ɫ 

ɝɟɧɚɦɢ, ɨɬɜɟɬɫɬɜɟɧɧɵɯ ɡɚ ɫɢɧɬɟɡ ɫɢɞɟɪɨɮɨɪɨɜ ɝɟɬɟɪɨɛɚɤɬɢɧɚ (100%) ɢ 

ɚɥɶɛɚɯɟɥɢɧɚ (50%). 

4. Ʉɚɥɨɪɢɦɟɬɪɢɱɟɫɤɨɟ ɢɫɫɥɟɞɨɜɚɧɢɟ ɩɪɨɞɭɤɰɢɢ ɫɢɞɟɪɨɮɨɪɨɜ R. qingishengii 

S10 ɩɨɤɚɡɚɥɨ, ɱɬɨ ɦɚɤɫɢɦɚɥɶɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɫɢɞɟɪɨɮɨɪɨɜ ɤɚɬɟɯɨɥɨɜɨɝɨ ɬɢɩɚ 

(400ɦɤM) ɨɛɪɚɡɭɟɬɫɹ ɧɚ 48ɱ ɤɭɥɶɬɢɜɢɪɨɜɚɧɢɹ ɜ ɫɪɟɞɟ ɫ ɞɨɛɚɜɥɟɧɢɟɦ 100mM 

ɝɥɸɤɨɡɵ. ɋɩɟɤɬɪɨɦɟɬɪɢɱɟɫɤɢɣ ɚɧɚɥɢɡ ɬɨɬɚɥɶɧɨɣ ɦɟɬɚɧɨɥɶɧɨɣ ɮɪɚɤɰɢɢ 

ɜɬɨɪɢɱɧɵɯ ɦɟɬɚɛɨɥɢɬɨɜ R. qingishengii S10 ɩɨɡɜɨɥɢɥ ɢɞɟɧɬɢɮɢɰɢɪɨɜɚɬɶ ɩɢɤ 

ɫ ɦɚɫɫɚɦɢ 616.2403 ɢ 1231.464, ɫ ɯɢɦɢɱɟɫɤɢɦɢ ɮɨɪɦɭɥɚɦɢ C27H34N7O10, 

C54H67N14O20, ɤɨɬɨɪɵɟ ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɝɟɬɟɪɨɛɚɤɬɢɧɭ Ⱥ ɢ ɞɢɝɟɬɟɪɨɛɚɤɬɢɧɭ. 
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