
   
  

  
«   » 

 
     

   
 
 

  
   

___________ . .   

« _____» ________ 20 ___ .  

 

 

 

  

 

06.03.01 –  

 

  

 C. eutrophus B-10646       

 

 

                                 , . .           . .   
                                            ,              ,               ,   

                                                                         . .   
                                            ,                                                  ,   
 
 
 

 2019  



1 
 

 
 

   : «   
 C. eutrophus B-10646       

»  45      43  , 3 
, 9 , 8 .  

 
К   : , , CUPRIAVIDUS EUTROPHUS, 

, (3 ). 
 

 :  Cupriavidus  Eutrophus B-10646. 
 

  :    
 ( ) Cupriavidus  Eutrophus B-10646  

   .  
 
З   :    C.eutrophus  B-10646 

       ,  
  ( s)    (Ki); 

    C.eutrophus  B-10646   
    12   BioFlo 115;  -

    . 
 

 :      
  , 12 .  BioFlo115.  

       
UNICO.       

  (DSC-1 «Mettler Toledo», ),  
  - ,     
  . 

 
    :      

   .    
 ,          

     .    
         .  

 

 

  

 

 



2 
 

 

 

 .............................................................................................................. 4 

 1.   ............................................................................ 6 

1.1       
    ................................. 6 

1.2    .......................................................... 7 

1.3   .................................................................................................... 9 

1.4      
      ........................... 11 

 2.     ................................... 16 

2.1    .............................................................................. 16 

2.2     ...................................................... 16 

2.3      ......................... 17 

2.4         
        

 .................................................................................................... 18 

2.5    ................................................ 22 

2.6         ................ 22 

2.7      ..................................... 25 

 3   ....................................................... 26 

3.1       
C. eutrophus 10646        
 ................................................................... !   . 

3.2.         
       !   

. 

3.3          
12   ........................ !   . 

 4     ,   
 ............................................... !   . 



3 
 

4.1.       .... !  
 . 

4.2      ....... !   
. 

4.3      ............ !   
. 

 ................................................................................................................... 26 

C   ............................................................................................... 28 

 

 

  



4 
 

 

 

XXI  −      ,    

 .       

      .  

      

   ,     

     [4].  

   3     :  

,    ( , ), 

       

( ,  (PHA)),  , 

      ( , PLA.  

    .   ,  

            

     .   

   ,  ,  

  [16]. 

     , 

      .  

      .  150 

       ,  

     .  1925 , 

     ,    

Bacillus,      ,  

 ,   300 . 

        

 ,    , 

, ,      

https://everipedia.org/wiki/Polyester/
https://everipedia.org/wiki/Bacteria/
https://everipedia.org/wiki/Bacteria/
https://everipedia.org/wiki/Sugar/
https://everipedia.org/wiki/Lipid/
https://everipedia.org/wiki/Monomer/


5 
 

,      .   1980-

 1990-         . 

    , 

 ,     

,    -   .   

      

   .     

          

,  - ,   

     . 

      , 

       

.       -   

 ,      ,  

      «   

»     [5]. 

 :     

( ) Cupriavidus  Eutrophus B-10646     

.  

: 

1.    C.eutrophus  B-10646   

     ,    

( s)    (Ki)  

2.     C.eutrophus  B-10646  

      12   BioFlo 115; 

3.   -     

. 



6 
 

 1.   

 

1.1      

     

 

-   ,  

     

 .  ,   , 

        - , 

,    ,   

 ,    . [19] 

        

  : 

     ,   

     (  , 

,     

) 

 C       ,  , 

,  O2  2    , 

   ,  , . 

       ; 

  -      , 

    -   4  12  ,  

     

. 

   ( ,  , 

 ,  )  , 

           

 . 



7 
 

        

( , , , )  . 

     ,    -3-

,   ,  ,   

  —      

 . 

     ,  ,  

,    ,  

    ,   

      .[ 20] 

 

1.2    

 

   –      

  ,     

     [5].  

       

      

.       

        

      

    [6].  

,       

        

, , , ,  

           

         

  [7].    

 ,     , 



8 
 

      

       

   :   

1)         

     . 

2)        

   . 

3)     ( )    

 ,    

    [8,9]. 

     

 ,    ,    

 .  

      

  .    ,  

      [10].   

     .   

      . 

       

      . 

      ,   

 [11].    

  ,        

   [4,11]. 

 .    

      . 

        ,  

    .  ,   

 .       

,   .       



9 
 

,         

,       ,  

 , , , .  

      

  –  [12,13]. 

 

1.3   

 

      

       

 ,        

 ,   ,    

,   [15]. 

,    ,     

     .       

  ,   N, P, Mg, K, O  S,  

  ;       - 

Bacillus megaterium, Cupriavidus necator, Alcaligenes eutrophus, Pseudomonas 

extorquens  Pseudomonas oleovorans.      

   ,       

  [14];    Escherichia coli , 

Azotobacter vinelandii ,  Alcaligenes  latus.  -

 PHB,       

    . 

       . 

     ,   

       ,    

       

   .      
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 –      ,      
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 –  D(-)-3- - ,   
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     ,  

        

         

,  .  
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,        : 

1.  ,  3-5  .  

    -  (3- ) ( ),  

   .   

  D(-)-3- -      

  (  . .  , 2003).   ,  

     (Koning G, 1995).    

     ,     

(-CH3).      (81%),  (7,03%)   

(37,16 %).  

2.     ,  6-14  .  

           

,      ,   
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- , - ,  -  (de Smet MJ, 1983, Lageveen RG, 1988 

, Gross RA, 1989,  Preusting H, 1990, Brandl H, 1988, Haywood GW 1989). 

3. ,    17-18  .  

         

  (Byrom D.,1987).    ,  

        . 

,     ,  , 

  -(3- )  3 , -(3- )  

-(3- ),   ,      

      -(3-

- -3- ). (Pooja Basnet, 2014). 
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 .  ,     
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,           

, ,  , ,     

.      . 

 ,       

  ,   ,     

 .   2005–2008 ,   

    -    
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        [21]. 

 ,       

 ,          

       , 

       [22]. 

,   , 

 , .       

 -     

:  ,  ,   

,     ,  

. 

 1.         
. 

,
 

 
 

CDW 
(  / ) 

PHA (%CDW.) PHA (  
/ )  

P. 
putidaKT2440 

 4,23 ± 
0,11 

34,5±2 1,46 ± 
0,21 

[30] 

P. 
putidaKT2442 

 3,45 ± 
0,07 

26,5±4 0,91 ± 
0,13 

[30] 

P. putidaF1  3,50 ± 
0,14 

10,3±2 0,36 ± 
0,01 

[30] 

P. putidaS12  3,20 ± 
0,07 

12,6±5 0,40 ± 
0,05 

[30] 

KT2440 (46 
) 

 0,80 ± 
0,04 

19 ± 2 0,15 ± 
0,02 

[31] 

KT40GlpR (22 
) 

 
0,87 ± 
0,01 

21 ± 4 

 

0,18 ± 
0,03 

[31] 

KT40GlpR (46 
) 

 
1,01 ± 
0,03 

34 ± 6 

 

0,34 ± 
0,05 

[31] 

KT2440 (22 
) 

 
0,56 ± 4 ± 5 

 

0,02 ± 
0,05 

[31] 

https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/atom
https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/carbohydrate
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0,09 

KT2440 (46 
) 

 
1,02 ± 
0,10 

25 ± 6 

 

0,26 ± 
0,06 

[31] 

KT40GlpR (22 
) 

 
0,89 ± 
0,10 

31 ± 4 

 

0,28 ± 
0,01 

[31] 

KT40GlpR (46 
) 

 
1,22 ± 
0,03 

39 ± 5 

 

0,47 ± 
0,06 

[31] 

Aeromonas sp. AC_01  
 

[33]  

 

 1,69 ± 
0,04 

7,8 ± 0,09 

 
 

 2,02 ± 
0,11 

4,4 ± 0,54 

Aeromonas sp. AC_02  

[33] 
 

 

 

 

 

 1,48 ± 
0,04 

5,0 ± 0,13 

 
 

 1,41 ± 
0,12 

6,5 ± 0,63 

Aeromonas sp. AC_03 
 

 

[33]  

 

 1,20 ± 

0,05 

3,6 ± 0,09 

 
 

 1,27 ± 
0,03 

9,2 ± 0,49 

Zobellella  
taiwanensis 
Azu-IN1 

 
1%  

250   49.76  % 
 

2.30 /  [35] 

Pseudomonas 
Corrugata  388   

 
1%   

2    28,0% 
 

0.88  /  [34] 

Pseudomonas 2    16% 0.75  /  [34] 
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Corrugata  388 
 

1%     

 

Pandoraea sp. 
MA03 

 
2%  

250    63,6% 
 

2,9  /  [36] 

Pandoraea sp. 
MA03 

 
5%  

250    43,4% 
 

2,21 /  [36] 

Zobellella 
denitrificans 
MW1 

 
1%  

42   66,9 % 
 

1.090 /  [37] 

Cupriavidus 
necator DSM 
545 

 
1%   

7,5   64.55 % 
 

4.25  /  [38] 

Methylobacteri
um 
rhodesianum 
MB-126 

 
5%  

2.5    50 % 
 

0.223  
/  

[39] 

Ralstonia 
eutropha DSM 
11348 

 
5%  

2.5   42 % 
 

0.254 /  [39] 

 

,  ,       

   ,   

 (PHA)      

.   Aeromonas spp. ,  

        

     ,    

     .  
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  Aeromonas sp. AC1,2,3      

 .      AC_02,  

    AC_03,    

.  

           

  .      

    ,     

 (NaCl),        .  

         , , 

      ,    

          [5].  

NaCl         ,   

   Zobellella denitrificans MW1  

           

    NaCl.   

,  NaCl       

  2SO4 .   , 

        

,      [14,37]. 

         

 ,   c       

  ,      

         

 ,     .   

  ,    

        

      . 
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 2.     

 

2.1   я 

 

    Cupriavidus eutrophus -10646,  

     ,   

    . 

-   : , 

- .  .   30-31°C, pH 6,7-7,2. 

 :        

  ,     ,  

  ,      

  .       

4.4-8.6,         20-

41°C 

2.2  я я  

 

     [Schlegel et al., 1961], 

     : 

Na2HPO4×H2O – 9,1; KH2PO4 – 1,5; MgSO4×H2O – 0,2; Fe3C6H5O7×7H2O – 

0,025; NH4Cl – 1,0 ( / ).       

  (5 / ),     5 / . 

         3  

   1  .    

: H3BO3 – 0,228; CoCl2×6H2O – 0,03; CuSO4×5H2O – 0,008; 

MnCl2×4H2O – 0,008; ZnSO4×7H2O – 0,176; NaMoO4×2H2O – 0,05; NiCl – 

0,008 ( / ).      . 
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   -     3-

       

   10-15 /         

5 / .  

     -   

      :  

-I («Corporate Oleon», ),   

 99,3%,  ˂ 0,0005%,  ˂ 0,0001%,   

˂ 0,0005%,  ˂ 0,00005%,  ˂ 0,00004%,  ˂ 0,00005%, 

      ˂ 0,025%; 

-II («Prisma comercial exportadora de oleoquimicos LTDA», 

),    82,07%,  4,35%, 

  1,38%,  9,88%,  6,59%,  0,13%. 

 

2.3     я  

 

    .  

     1  2 ,   50%  

  -  «Incubator Shaker 

Innova®  44» «New Brunswick Scientific» ( ) (  2.1). 
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 1. -  -  «Incubator Shaker Innova 44 

    . 

 ,  ,   

  [ , 1992].      

      

 ,      

   5 ° .      

   .  

        7,0,  

   10-15 /     30   

     – ,  

 .    .  

  (10-20 )         

    ,  

120 /       .    

 .    (20-30 )    

  ,    .   

     -

         

 - . 

 

2.4   я   я 

         

  

 

     4 - 6     

  UNICO 2100 ( )   

 .      
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   1:5,      λ = 440   

 1 .   , /    . 

   :     

    6000 /    10 .  

,         

        

      .  

        105    

   .      

.        

        . 

   ,   

        

       

 [Nakamura et al., 2016].      

: 2      2   6000 / ; 

 20        10  ; 

 2       ,  

   2  ;     0,1 

 H2SO4 10   0,5  NaIO4 0,1 ;  5    0,5  

NaHSO3; 1         

 5   ,    

        30 ;   

         

 UNICO 2100       

5   λ = 570 .     

   . 

       

 .   –    10 

   1  ,    33 %-  



20 
 

 ,      0,5 .  

         

  .       

 ( , №1, №2, №3).  

      

 .       

( , / ),   ( /    %      ). 

     ,  

   ( s  Ki);      

  (µ, -1),       

 ( , /  ),   (Y, / )  

 . 

    (, -1)     

,/ln  









x

x                                                      (2.1) 

: 

 x , x  –      / 3; 

 –  , . 

    (, -1)   : 

,/ln  









ГА
ГА                                                 (2.2) 

: 

ГА , ГА  –       , 

/ 3. 

    ( )   ( ), /   

, : 

P = /T,                                                  (2.3) 

 : 

X –  , / ; 
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P –  / * ; 

 –    , . 

     Y, /  

  : 

Y= mx/ m ,                                                           (2.4) 

: 

m  –  ,    , ; 

mx –   ( , ), . 

 

    Y, /   

 : 

  𝑌 = 𝑥𝑘−𝑥𝐶𝑘−𝐶 ,                                                       (2.5) 

: 

x , -   , / ; 

x  –   , / ; 

 –    , / ; 

 –    , / . 

 

     q, /(  ) 

  : 

Vx

G
q


 ,      (2.6) 

 G  –   , / ;  

x –  , / 3. 
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V –   , 3. 

 

2.5     

 

     

    14644-1-2002 -    

    .  

 : 

-      

     ; 

-    , 

   ,  ,   

         

    ; 

-    ,   

;  

-        

     (20  , 10  , 5  2,5% 

NaCl  1   ).    

 [ , 1976]   107, 108;    

Binder (USA)   30 ° ; 

 

2.6   я      

 

    ,   

    20 ( , )  
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500 /        LP10R (ilShinBioBase, 

)    5%,    . 

    :     

  ,      

.         

   .  

   ,   

        

- -  GC–MS 7890/5975C (Agilent Technologies, ) 

 1H      CDCl3  -  

Bruker AVANCE III 600 ( , 600.13 ;   

    ). 

-    ,  

  ,  

    . 

       

  Agilent 1200 ( )   

  «Sigma».    

     : 

Mn=Σ (Ni ∙ Mi  / N),                                                         (2.7) 

: 

Ni —    I; 

N —   ; 

Mi —    I. 

 

       

: 

M  = Σ (wi∙Mi),                                                          (2.8) 
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:   

wi –   (wi = Ni ∙Mi  / Σ (Ni∙Mi). 

,      

    ,   : 

 

PD = M  / Mz.                                                            (2.9) 

: 

M  –   , / ; 

Mn –   , / . 

  -      

    .     

 -   DSC-1 (Mettler 

Toledo, ).   4     

  200°C,    - 20°C,    20 

,     320°C.    

 «StarE»       

, ,    .  

      

 D8ADVANCE (Bruker AXS, ) c  

 VANTEC.       

      114  

 (  0,016°  2),    5°  60°  

2.    48°  60°    

 .       

  .     
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     .    

 Eva     . 

 

2.7      

 

   ;   

     ; ,  

       

.       

      = 0.95. 

     (  

).  ,     

    .   

 .       

  (    , 

)    .     

   . 
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 3   

 15 . 

 

1.     C. eutrophus B10646  

    , ,  

          

   1  60 / ,      

          

 .     -

    ( s)    (Ki)  

 I,II ,   0,30 /   55 / . 

2.     C. eutrophus B10646   12 

  ,       

      .  

       

 .    60 / ,  

    70 %.   

3. ,      

 C. eutrophus B10646      M  , M , 

D, С , , , ,       

  M   M    .    

    ( )  50-55%,     

  .  

 

 

 

 

 



27 
 

  



28 
 

C   
 

1. Sébastien B.L., Abbadiea A.A.  ,  
   . Science of The Total Environment Volume 667, 1 

June 2019, Pages 475-484. 

2. Allan K.N. , .     
  2019,  , 2009, . 91-106. 

3.  . . -     
  . 

4. E. A. Dawes. , ,    
   , 

Microbiol.  Rev. 1990 . 450 – 472. 

5. A. Anjum, M. Zuber, KM Zia.   
 (PHAs)   :   

 Int. J. Biol. Macromol. , 89 ( 2016 ) , . 161 – 174. 

6.   .        
  3 -    PHA 2012 ,  7-12. 

7. Sathianachiyar S., Devaraj A.    
    ,  .  
  -  .  2013;  3 

(8): 1-5. 

8.  .,  . . Trends in Biotechnology.  
 :       

.  31,  1 ,  2013  ,  20-28.  

9.  .,   .,   . Ann Microbiol . 2014; 64.  
        . 

10. . . Panikov.   .   
        2016,   

    , 2005, . 463-479. 

11.  .,  .  (  ).  1 - 
 . 2016 ,  1-31 

12.  . .,  . .   (3-
)     Zobellella. 2009 .   

13. Susann M., Hauke H., Thomas B.      
.      



29 
 

  .  21,  1 ,  2010 ,  
100-113. 

14. Wijnand R.,     . 04/13/2017 . 

15.  . .,  ,  ,  .   
      .  

   .  2008;  81 (4), 615-628. 

16. . . , . . .  ,  
 .        

 . 28  1956 . 

17. ,  ( , , ).   
. 12/18/2012. 

18. Iwona K., Iza R., Michał K., Gra ̇zyna A.    
   PHA  -PGA   

    . : 25  2016. 

19.  . .,  . .,  . . (2013). 
 : ,   : Nova Sci 

Publ. 3. 

20. . . , . . , . . .  
 .  2014.   179.  

21. .  , . .  , . .    
   -     

Biotechnol.  , 5 ( 2012 ) , . 13. 

22. C. HermannKrauss, M. Koller, A. Muhr, H. Fasl, F. Stelzer, G. 
Braunegg.      

 (PHA)     
. Archaea, 2013 ( 2013 ), . 1 – 10. 

23. . . , . , . , . . , . , . . 
 .      

Vibrio harveyi MCCB 284       
.  J. Appl. Microbiol. ( 2016 ). 

24. . , . , . , . .    
:   -  

. Eng. Life Sci. , 11 ( 2011 ) , . 222 – 237. 

25. . - , . , . , . .  
   

   PLoS One, 11 ( 2016 ). 



30 
 

26. D. Moorkoth, KM Nampoothiri.     (3-
- -3- ) (PHBV)   

   Bioresour. Technol. , 201 ( 2016 ), . 253 – 260. 

27. . , . . , . , .- . .   
     Halomonas 

TD01 Bioresour. Technol. , 102 ( 2011 ) , . 8130 – 8136. 

28. . Porwal, . , . , . , . , .  , HJ 
, . , .  .   

       
  Bioresour. Technol. , 99 ( 2008 ) , . 5444 – 5451. 

29. M. Singh, VC Kalia.  Bacillus spp  
   .      

Indian J. Microbiol. , 51 ( 2011 ) , . 418 – 423. 

30.   .- .,  .,  .   .  
 mcl-Poly (3- )   

Pseudomonas putida   :    
     PHA. 23  2014 . 

31. I. F. Escapa, C. Cerro, J. L. García, M. A. Prieto.  GlpR-  
  Pseudomonas putida KT2440   PHA  . 31  

2012 . 

32. Elodie B., Vera A. A., Patrizia C.  (PHA): 
 , ,      

. June 2014. 

33. Justyna M.-C., Tomasz P.    
      

 Aeromonassp.     
   .  23  2018 . 

34. Rosa P., Francesco P., Manuela F., Marco T., Arcangelo D., Antonino F. 
Catara.   ( )   

   Pseudomonas Mediterranea  Pseudomonas 
Corrugata. VOL. 27, 2012. 

35.   - ,  -  , 
   ( )   

 Zobellella taiwanensis Azu-IN1.     
 . 5 (05), . 16-25. 

36. de Paula FC, Kakazu S., de Paula CBC, Gomez JGC., Contiero J. 
      

https://www.researchgate.net/profile/Elodie_Bugnicourt
https://www.researchgate.net/profile/Elodie_Bugnicourt
https://www.researchgate.net/profile/Patrizia_Cinelli


31 
 

 Pandoraea sp.     - .  2017;  
29 (2), 166-173. 

37.   . .,  . Zobellella denitrificans MW1.   
 ,     (3- ) 

 .    .  2010;  108 (1): 214-225. 

38. Alejandra R.-C., Martin K.      (3-
)  Cupriavidus necator  Burkholderia sacchari.  

  94 (2015) 50-57. 

39. E.J. Bormann1, M. Roth2.   
Methylobacterium  rhodesianum  Ralstonia eutropha  ,  

   . Biotechnology Letters 21: 1059-1063, 
1999. 

40. J.M. Naranjo, JA Posada , JC Higuita , CA Cardona  
   :  PHB  

 Bacillus megaterium Bioresour. Technol. , 133 ( 2013 ) , . 38 – 
44. 

41.  .  , .  ,   , .- . Lee , VC Kalia  
      Bacillus 

thuringiensis      Int. J. Biol. 
Macromol. , 78 ( 2015 ) , . 9 – 16. 

42. . . , . , . , .    
 - -  Bacillus firmus NII 0830 J. Sci. Ind. 

Res. , 70 ( 2011 ) , . 968 – 975. 

43. Sowmya P., Linu B., Jayanath G.     
   Bacillus cereus MCCB 281  

     .  119 ,  
2018 ,  380-392. 




