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    ,     
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 ,       , 
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         [3],[4].  

                     -

, -      .            
        :      (3-
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1.   
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  .               
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         ,            
  ,              [4].  

        ,   

   –   ( ), 

   ,  , ,   
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   ( );    
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 ,       
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     :  
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– ,       

,      
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      ,   ,          , 
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         (   ),       (   , 

,     .),   ,       (   ,    
     )        (   , HeLa).   

        

,     , , 

   ( )   – , 

   [1].  

     ,  

   ,   

 ( ),    .   

,          ,  

   , ,     

 20-25    ,  40-45   . 

  , ,   .  

   – .  
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  [6].       

 ,        

( ,    ,    

 ),     (   
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       ,    

   [7]. ,    

  ,    . 

   in vitro  
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https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/crystallization
https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/plasticizer
https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/plasticizer
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   ( )    1980-  . 

       [1].   

       , 

        

, , ,    , 

 , .     

        

, ,   ,    

 [9].      , 

    3   3 /3 ,  

       ,   

       ,    

,      [21]. 

 

1.3      

 ( ) –    , 

      

     .   

   ,   1980-  .   

    ,  ё  

  Pseudomonas, Ralstonia eutropha (   

Alcaligenes eutrophus, Wautersia eutropha  Cupriavidus necator)  

 E. Coli [22].  
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2.   ,     6  14  ; 
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3. ,     17  18 [24]. 

-    ,  ,  

       -  .  

 –   ,     

      ( ). 

,   3-  (3 ), 3-  

(3 )  .   ,    

   .     

,      , 

   .     

  .    

  -50  4 ° C,    40  180 ° C [24].  

     150 .     

,       

:  3-  ,   -3-

- -3- , -3- - -4-

, -3- - -3- , -3-

- -3- , -3- - -3-

 [25].  

     A  Bacillus megaterium 

  (3- ) 3   1925  –   3-

 ,     

    ( 4 6 2) [26]. 3    

    .    

,        

      .   

 3      

   .          

(          ,          ( ) 
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  ,     ,  .,)           
  ,                in vitro  

      3  [27].     ,  

,      (70 %),   

  in vivo [9].   ,     

 (3 ),         , 

,  ,     

   [4].   

                   
       3           , 

        ,           
            .        (~ 100 
  )                   

  .                
      (    , -   )      3 , 

     ,                
      ,     [26].  

     -3-   

3-  3 /3 .      3  

   .    

      , 

     .   

  3 /3       

   ,       

 .  ,     

      .  

 -       

NIH 3 3     [28].  
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   -3-   -3-

 3 /3     ,   

        

 in vitro,  ,    3   3 /3  [27].  

 ,   3 /3     3  

  .      

   in vivo.        

    ,     

,           

 [29].  

         

4 .        

 3 /4        

L929.  ,   ,  

   4  [30].       

      . .   

        

3 /4 .       

  NIH 3T3      

 –   -22.      

     ,   

   ,    

 ,      

     [31]. 

  3 /3 /3     

,    ,  3 /   

3 /         . , 

  Ya-Jun        

 3 /3 /3 .       – 

https://www.sciencedirect.com/science/article/pii/S1742706108003012#!
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  .      , 

  ,     

[32].  

    ,   

         ,       3-
        3 ,        : 3 / 3 , 

3 / 3 , 3 /4      .     

   .      

     NIH 3T3. 

  ,      96       
                       ; 

                .  7       

       3 , 3 /4    3 / 3   ,  
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 ,         

  [25]. 
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 .      

  –   -  , ,  

,  ,      

   .   ,     

   ,     

  ,     [12]. 
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2 М    

2.1  я 

                 3-
      3          : 

 3 /3      3   13%  23%;  3 /4      4   10%  

23%; 3  /3      3   14%.         
                  

        .   

 1 –      

  

 ,  

 

 ,  

, 

/  

3  723 ± 14 1200 ± 47  1,66 ± 0,03 

3 /3  13% 840 ± 9 1500 ± 22 1,79 ± 0,01 

3 /3  23% 660 ± 19 1500 ± 42 2,27 ± 0,03 

3 /3  14% 340 ± 9 1000 ± 16 2,94 ± 0,04 

3 /4  10% 477 ± 4 810 ± 11 1,70 ± 0,04 

3 /4  23% 290 ± 5 550 ± 10 1,90 ± 0,01 

 

       , 

     NIH 3T3. 
                    

   : D MEM (Gibco), F BS (Gibco) – 10 %,       

– 1% (Gibco)     2-   37°C  5% CO2.   
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 3 –   NIH 3T3 

 

2.2 М  я 

2.2.1 И     

   ,   ,           

 45  2%               .  
           .        

          .      
             15   ,      

          -       Legioner 

EDM-25-0.001,             24-    
                70%     

   15 .              -    

.  

 

2.2.2 И    

       , 

     ,  

          

.       



20 

 

  ,     «KRUSS»   

  DSA – 4  Windows.  

               
             ,       
                  ,    

       «Circle»,    

      .            
   10   ,              

                  ,  
            . 

 

 
 – 4      

 

     (  S 

5500, Hitachi, Japan)     

.  5 × 5        

.         

 «ImageJ».  
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  -   («SmartSPM™»,  

« - », )     

.      

 ,     

  . 

 

2.2.3 И  -   

     

  «Instron».    ( ), 

  ( )     (%). 

 

 

 5 –    -   

 

2.2.4 К       

  ,   ,   

    .      
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 104 / 2   1   ,   

 3 .  

 ,   ,             

         (3 ),            

2-     5-7 .           ( 3 ),  
          ( 3 ).       

 ,    3000 /   

 5 ,  ,   ,  

10            , 

         

( )   ( )   : 

 = N·0,05·106·m 

:  –      ( / ), N –    5 

 , m – .  

 

2.2.5    

                   

 [ 3-(4,5-   -2-  )-2,5-      ],    
                   3-

(4,5-    -2- )-2,5-           ,  
                    

                .   

1  3 .  24-     ,   

950   50  .       4 .  

   ,   ,   

150  .       100   

       

    550 .            
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   .           .     
           .  

  

 
 6 –      «Bio-RAD» 

 

2.2.6    DAPI  

      DAPI 

(    ).       

,    -  ,  

 4%      ,   

 -  ,   Triton-X  

 5 ,    -  .  
       DA PI (          1 / ,  50 

         )     15 .    

   -     

   .   
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2.2.7    

                 
         Microso ft Excel.          

            .  
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3.  

3.1        

              
   3       : 3   /3      3-

     13%, 2 3%, 3 /3       3-      

14%,  3 /4      4-     10%  23%,    15 

,     23,5 ± 3  56,7 ± 2,3   (  2 –  

  . 

 

 7 –    . 1 - 3 ; 2 - 3 /3  13 %; 3 - 3 /3  23 

%; 4 - 3 /4  10 %; 5 - 3 /4  23 %; 6 - 3 /3  14, % 

     ,  

   .    3 /4    

 ,      4   23 %. 

 2 –     

 3  
3 /3  

13% 
3 /3
 23% 

3 /3
 14% 

3 /4  
10% 

3 /4
 23% 

, 

 
56,7±2,3 29,4 ± 3,05 54,3 ± 2,8 30,1 ± 2 33,2 ± 2,9 23,5 ± 3 
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     .   

    .       

  ( , )    

        

: (3 ) – (3 -3 ) – (3 -3 ) – (3 -4 ) [  

 ].  

 

3.2       

  (   ,  , 

  . .)       

    ,     

,     .  

           

,     18.  

 
 18 –        

https://www.sciencedirect.com/topics/materials-science/scanning-electron-microscopy
https://www.sciencedirect.com/topics/materials-science/scanning-electron-microscopy
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      ,   

  ,      2 ± 0,5 

  8 ± 2,4     3 /4  23%  3 /3 . 

      3 /3  14%  

     .  

     -  . 

   13    29.  

13 –     
   

 
 

 (Sq), 
 

 
  

(Sp),  

 
  

(Sv),  

3  176,9 ± 8,4 639 ± 2,5 593,8 ± 3,7 

3 /3  13% 360,6 ± 3,3 1256 ± 2,6 1055,6 ± 2,8 

3 /3  23% 249,6 ± 5,2 814,1 ± 2 751,4 ± 1,6 

3 /3  14% 297 ± 3,1 850,6 ± 1,4 1015,6 ± 2,3 

3 /4  10% 363,8 ± 2,1 1223,4 ± 2,6 1055,5 ± 2,4 

3 /4  23% 281,6 ± 1,5 779,1 ± 1,6 1400,1 ± 2,9 

 

      . 

   3    ,   

     ,   

    .    

    3 /3  13%  3 /4  10%,   

        . 

 ,      3   4   13%  

10%, ,  23%     360  
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363   249  281        1256  

1223   814  779 .  

 

 

 29 –     

 

      

     ,  

     .   

 4 –        

   
( ),  

 
, 

/  

 
, 

\  
3  79,7 ± 2,5 44,8 ± 1,1 4,9 ± 0,2 

3 /3  13% 77,0 ± 2,3 47,25 ± 0,5 6,9 ± 0,5 

3 /3  23% 68,5 ± 1,5 45,4 ± 1,8 9,8 ± 0,7 

3 /3  14% 73,4 ± 1,7 44,1 ± 0,4 7,0 ± 0,9 

3 /4  10% 67,4 ± 2,9 44,0 ± 0,8 11,5 ± 1,9 

3 /4  23% 66,0 ± 3,1 34,8 ± 0,8 9,6 ± 0,3 

 



29 

 

     3  – 79,7 ± 2,50; 3 /3   

 3  13% 77,0 ± 2,30; 3 /3    3  14% 73,4 ± 1,70, 

     .    

       4  10%  23%,   

 67,4 ± 2,90  66,0 ± 3,10 ,     

3 /3    3  23% 68,5 ± 1,50,    

 .     

  .  

 

3.3 -       

  -     , 

      60 × 10 .  

     5 – Ф - еха че е в ва 

е ч ых а в  ПГА. 

 5 – -       

 
 , 

[M a] 
 

, [ ] 
  

, [%] 

3  2956,7 ± 150,2 30,5 ± 2,1 2,2 ± 0,4 

3 /3  13% 2808,1 ± 161,4 37,4 ± 1,7 1,9 ± 0,2 

3 /3  23% 2334,7 ± 121,6 35,2 ± 2,7 2,6 ± 0,6 

3 /3  14% 2310,6 ± 98,7 32,8 ± 2,2 2,1 ± 1,1 

3 /4  10% 1183,4 ± 62,1 27,3 ± 1,3 10,8 ± 1,4 

3 /4  23% 950 ± 57,1 3,9 ± 1,2 11,7 ± 0,6 

 



30 

 

-      

       3  (2956,7 ),  

     .    3 /4   

 4  23%     

,      950 ,   

    3,9 ,     

 .   3 /3    3  13%  

       37,4 ,     

       1,9 %.   

 4         

(10 – 11%)     ,     

    3 /4 .  

 

3.4 И      
 

     – 

   NIH 3T3 ( 310).    

        , 

  CO2-    5% 2  370 .  

    ,  

  pH,      , 

       

( ).        .  
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310 –    NIH 3T3.  -  24   

;  -      

 

       

    .       

  .  

 

 11 –  -  



32 

 

       

NIH 3 3       ,    

.      : 3  – 

n = 15,58 ± 4,25; 3 /3  – n = 16,49 ± 4,88; 3 /3  (13  23%) – n = 15,99 ± 

3,84   n = 18,43 ± 4,38; 3 /4  (10  23%) – n = 17,45 ± 4,90   18,25 ± 3,10. 

         3 /3   

 3  23% (n = 78,72 ± 4,81).   – 3 /3   

 3  13% (n = 62,96 ± 6,60).     

3    . 

 

3.5      

      

        

 .    DAPI.  

 

 12 –    NIH 3T3,    

DAPI,     .  – 3 /4  (23%);  - 3 /3  (13%);  – 

3 /3  (23%);  – 3 /3  (14%);  – 3 /4  (10%);  – 3 . 

   ,   

   .   ,   
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      .   

,   3 /3   3 /4  (23%)   

     ,   

     - . 

       

  in vitro.  
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1.          

    : 3 ,  3 /3      3-
     13%  2 3%, 3 /3       3-      

14%,  3 /4      4-     10%  23%.    

2. ,        

     .  

 3   4        (66,05 ± 

3,14º  68,55 ± 1,51º)     (360  363 ),  

       3   3 /3 .   

-   ,     

 3 /4    ,   

    (10 – 11%)       

 3 , 3 /3 , 3 /3 . 

3. ,       

       NIH 3T3,     

       249  281  

   ,    -  

  .    

   3 /3    3  23%  3 /4   

 4  23%.  
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