
 2021 

     
  

«   » 

     

   

 

 

 

 

  
   
                             . . 

 
        «       »                           2021  
  
  

 

 

  

06.03.01. -   

       

 

 

                                          _________ . . .,  . .   

  17-32 , №041723663         _________                       . .   
            

 

 

 

 

 



2 

Ф  

     «   

    »  51  

 , 6 , 10 , 84  

. 

 : ,  , 16S , 

  , , ,   

 . 

 :      

,      . 

 :  

1.         

     . 

2.        16S   

   . 

3.     . 

4.      

.  

5.      

   . 

6.      . 

 

 ё     ,    

.      

      

,    ,     

      , 

      

     ,   

    .   



3 

      

 11  .      

,    ,    

  . 

  



4 

 

 ................................................................................................................. 2 

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

 ................................................................................................................... 6 

1   ................................................................................................ 8 

1.1     .................................................................... 8 

1.1.1  .......................................................................................................... 8 

1.1.2    ......................................................................... 8 

1.1.3  ........................................................................................................... 9 

1.1.4  ................................................................................................. 9 

1.1.5   ...................................................................................... 10 

1.1.6  ...................................................................................................... 10 

1.2 ,     ............................... 11 

1.2.1    ( ) ................................. 12 

1.2.2  ,   ....................................... 13 

1.2.3   ................................................................................. 13 

1.2.4     2  ( 2) ........................................ 14 

1.2.5 -   ...................................................... 15 

1.2.6   ............................................................................ 15 

1.3 ,    ................................................ 16 

1.3.1    ............................................ 16 

1.4    ................................................................. 17 

1.5  16S rRNA ............................................................................................... 18 

1.6  ................................................................................................................ 19 

1.7  ............................................................................................................. 21 

1.8   ..................................................................................... 21 

1    ...................................................................................... 23 

2.1    .................................................................................. 23 

2.2    .......................................................................... 23 

2.3    ......................................................................... 25 

2.4    .................................................................. 27 

2.5     .............................................. 27 



5 

2.6   ........................................................................................ 27 

3  ........................................................................................................... 30 

3.1      ..................................................... 30 

3.2    16S- ..................................................... 31 

3.3    500L – 1350R ................................ 33 

3.4   in silico ....................................................................... 34 

3.5      ....................... 35 

 ............................................................................................................ 39 

  ................................................................................... 40 

   ...................................................................... 41 

 

  



6 

 

      ,  

       

   3–4  [1].    

     . 

   -   ( ),    

 ,    , . 

       

,     ,  

 [2, 3, 4].  ,        

,      .  

          

  ( ).    ,     

 ,       . 

  ,  ,     

   ,     

  [4, 5].         

,   ,     

  .  

 

  

 ё     ,    

.      
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  Ц   

      , 

     . 

  

       : 
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     . 

2.        16S   

   . 

3.     . 

4.      

.  

5.       

  . 

6.      . 
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1   

1.1     

          

   .      

,   , ,   

  , , -   

 ,        

 ,        

,       , 

,   [9]. 

   ,    

        

    .  ,      

    ,     

  ,       

 [10]. 

1.1.1  

         

        

.  ,      

   .      

        [11]. 

 ,       

: Actinobacteria, Firmicutes, Proteobacteria  Bacteroidetes [12].   

 

1.1.2    

      ,    

  ,   ,   



9 

Staphylococcus, Streptococcus, Haemophilus  Neisseria    

[12, 13]. 

 

1.1.3  

 -        

  ,     ,  

   ,    [14].  

,    ,    

,   Escherichia coli  Staphylococcus.   

        

.  ,     , 

     ,   

     [15]. 

     ,  

 ,      ,  , 

 ё  ,    [11, 16].  

   -   

 ,     ,   

   [16].    

       

  [17, 18].  

 

1.1.4  

        

       

 [19].   ,    

    -  Lactobacillus.   

  ,      

 [19, 20, 21].  
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1.1.5   
         

: ,     

   [11].     

   ,    

   : Actinomyces, Arachnia, 

Bacteroides, Bifidobacterium, Eubacterium, Fusobacterium, Lactobacillus, 

Leptotrichia, Peptococcus, Peptostreptococcus, Propionibacterium, 

Selenomonas, Veillella, Trepone [22].    

       

 ,   , ,   

   [23, 24].  

 

1.1.6  

        

  . ,   

,       

    .     

,        

 [11].     : Prevotella, 

Sphingomonas, Pseudomonas, Acinetobacter, Fusobacterium, Megasphaera, 

Veillonella, Staphylococcus,  Streptococcus.  ,   

 ,       

,    ,   . 

   : Streptococcus pyogenes, 

Haemophilus influenzae, Streptococcus pneumoniae, Neisseria meningitidis,  

Staphylococcus aureus, Klebsiella pneumoniae [25]. 
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1.2 ,     

       , 

    .   

    ,   , , 

 ,      

.       

        . 

    -   

        

   .     

        .  

,        

 [26]. 

 ,  ,     

      Dectin-1 [27]. 

     ;   

,       , 

  ,     [28].  

       

  ,      

  [29, 30, 31]     

 [32]. 

        

[33].       .  

          

  [34]       

    [35, 36].     

   ,   

.  ,   ,    

,  ,    ,  
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 ,      

    [37].  

 

1.2.1    ( ) 

        

     ,    

( )    [38, 39, 40, 41, 42].    

    [41, 43]    

 ,   Enterobacteriaceae [43].  

      ,   

        

 [44].  ,    ,  

 Faecalibacterium prausnitzii,     ,   

        

  [38],     

    ,    

.      

      F. 

Prausnitzii [45]  ,   ,    ,  

  . ,   

Lactococcus lactis,    

 F. prausnitzii,    [45, 46].  

, ,     , 

   ,  ,  

  ,   , 

      , 

     . 
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1.2.2  ,   

       

         

,    Clostridium difficile 

[47],  -  . ,  

       

   ,   , 

    [48].   

      

,    Clostridium scindens 

   ,    , 

       C. Difficile [48]. 

         

 ,     

,     -  . 

 

1.2.3   

       

    ,   

 ,       

        

 ,     .  

     ,  

         

  . ,     ,   

 [49, 50, 51, 52, 53],    [54, 55, 56, 57], 

 ,       

  [58, 59]    

. 
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       .  

        

      1 .     

   ω-3    

  [60]. 

  ,    

,   -    

,       

,   Faecalibacterium, Akkermansia  Lachnospira,   

      [60, 61, 62].   

    ,   

         

,        

       

 . 

 

1.2.4     2  ( 2) 

  2      

  [63].    

Bacteroides spp.     [64].   (  

, Bacteroides spp.),    , -

,   ,   , 

  ,  « » ,  ,   

 « » ,      

,   .      

          

    [65].  
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1.2.5 -   

 ,       

,      , 

  -   [66].   

   ( ),     

 - N- ,  ,    

 [67].  

    -  [68],  

      

   .  ,  A. muciniphila 

,   ,    , 

    [69]. ,   

        

 ,   [70].  

     

     ,  , 

  ,  ,     

  ,   -

 . 

 

1.2.6   

  ( ) -     

,     .     

   Prevotella copri,     

     ,   

Prevotella [71].   ,   , 

        

   [72].    ,    

        

. 
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1.3 ,    

      

   ,     

  ,    , 

      

.       

        

       

,         

 (    ).  

     (FMT) 

   ,   

-     . 

        

   ,   

        

  ,   ,   

       

  FMT     

       [73]. 

 

1.3.1    

   (FMT) -    

          

      [74, 75].  

         

          , 

  [76].         
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   ,    

      .   

         

       . 

     , 

,    . 

     FMT     

    Clostridium difficile (CD) [75]. 

 

1.4    

  -   ,   

    ( ). 

  ,     

,   ,   

    ,   

   .   

;         

  [77]. 

      0,4 × 10 9  8,6 × 10 9 

 ( ),         

 ( ),     , 

   ,   Myxococcus.  

      ,   

 .     , 

 ,     

 .      

 Borrelia  Streptomyces spp.,    

 Agrobacterium tumefaciens      

 .     E. coli  
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 3 × 109  (4500  ),    2–3 

     E.coli ,     0,1%  

   [78]. 

 

1.5  16S rRNA 

    16S  

        . 

     16S   

      

 ,    98,65%    

     .  

  16S     

         

     [79]. 

   16S    

        

   ,    

.   :      , 

  16S      ,   

,      

   .      , 

  ,   .  

        — 

    ,   —  

 .        

       [80]. 
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1.6 Ц  

   ( ),    

«  »,     

 ,   « » -  

  .      

     ,  

      -

. 

,         

   ,     

   ,   ,  . ,   

     1993  [81]. 

      ,  

 ,         

 .     «  Taq» 

 -  -    ,     

 .       , 

             

.           

    ,   .      

   30  40 ,       

     . 

          

 .   ,  , 

       

 ,      . 

 po e e  P pe c  c e e o o e :  

 - a p a, co ep a a  o  ac o  , o op  pe e c  

a po a . 
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 a pa epa - c cc e o c e po a e o o eo , 

e e, a  pa o, pa ep o  18 o 30 . ., e e 

coo e c  ac a  - e . O  pa  e  po  

 o pa o a  po o  pea  a a . pa o 

o o pa e pa ep  o ec e a  c e oc   

c e oc  ec -c c e .). 

 ep oc a a  - o epa a — ep e , o op  a a p e  

pea  o ep a  . o epa a  c o o a   P 

o a coxpa  a oc  p  co o  e epa pe e oe 

pe , o o  c o  ep e , e e e  ep o o  — 

Thermus aquaticus (Taq- o epa a), Pyrococcus furiosus (Pfu-

o epa a), Pyrococcus woesei (Pwo- o epa a)  p e. 

 e o c eo p oc a  ( ) – e o c a e o p oc a a 

( A ), e o c a o p oc a a ( ), 

e o c o p oc a a ( )  e o c p oc a a 

( ) «c po e  a ep a », c o e  Taq- o epa o   

c e a opo  e  . 

 o  Mg2+, eo xo e  pa o  o epa . 

 ep  pac op, o ec e a  eo xo e c o  pea  — 

p , o  c  pac opa. Co ep  co ,  c opo o  

a . 

 A a p e  o pa e  - o o o e   ece   pea o  

c ec  pe apa , o op  co ep  c o  . p  o c c  

- e  c e ec  po  a a  e o pa e c  

o  e a  c ape  pea o o  c ec ,  po p  o a  

co o ee ac o, a p ep, a e o oe. Ec  c o e c  

a a op c o o pe a e c  p o , o o e a  e pe e c  [82]. 
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1.7 Ф 

  o op   pec p o x pa e o  ( P ) 

— o c oco  cc e o a  e o o  , ё  pa pe a  a o o  

 c o o  o ea  pec p   a e e o a a a pa epo  

o pa xc  pa e o  (pec p o ) ё  e - e po ope a (  

e po ope a). 

 ,  —  , 

   ,    

      (   -

 )        

 " " .  , « »  

 (  )   . 

      

  ,      

  ,     

. ,        

 .      

, ,   ,  

     [83]. 

 

1.8 Э    

-  -   ,   

  ,        . 

 -     

   ,   .  

     ,    

 .  ,        

 ,     . 

  , -    

,  ,    ,      
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 ,    - .    

     ,   

     . ,  

,   ,        -

,    ,   

  [84]. 
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2    

2.1    

       

. 

 

2.2    

         

,       . 

      : 1)  

 (   ,  ); 2) 

    /   

      ;  3)  

       . 

         

    . 

        

AxyPrep Bacterial Genomic DNA Miniprep Kit (  ).  

     20     1,0 × 109 

 .       , 

        

 .        

   AxyPrep     . 

      30 . . .  

   ,   

  ,   . 

: 

1)   

2)   №1 

3)   №2 
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4)   

5)  (  ) 

 : 

1)  ,  ,   . 

2)    300    (   , 

    ). 

3)         10 

(      30 ). 

4)        10 

.  13,4 . . 

5)       

     .   20   

.   ,    

     . 

6)           

  10 .   ,     3  

       . 

7)   20 .  13,4 . . 

8)       

. 

9)    500     №1, 

 ,   . 

10)   30 .  2 . . 

11)   . 
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12)    500     №2, 

 ,   . 

13)   30 .  2 . .  

  . 

14)  ,   .12  13. 

15)         5 . 

 65 . 

16)     75   , 

    1-2 .  65 . 

17)         

     5 .   

       . 

18)  1 .  10 . .  

 (  )    ,     

.       . 

      2-8   2 

   6   -18    -

. 

 

2.3   Ц  

     ThermalCycler 1000. 

    50  : 

- 27  .  

- 5  10   

- 5      1µM (8L – 1492R) 
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- 3  MgCl2   2.5mM 

-1   hot-start taq . 

   1   1,5     15 , 

     47      2   

  1  .     

    .   

     -  

.        

         16S . 

    : 

1. 940  – 3:00 .  

2. 800  – 0:40   

3. 950  – 0:10 .  

4. 620  – 0:20 . 

 5. 720  – 1:40 . 

 6. Go to 3 – 35 times 

7. 720  for 10: 00 . 

8. 40  – 18:00:00 

9. END 
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2.4    

      Diatom DNA 

Clean-UP,   IsoGene 

    PCR ,    

    ,   

       .  

   ,      

  ,      

   (   .),      

  .  

       – OD 

260/280 – 1.8-2.0. 

 

2.5     

       2 .  

 Thermomixercomfort   Eppendorf.  

  65 0   50   ,  2 . . 

. 

  ,  1   50  : 

- 5  10   - 10  . BSA - 25  H20 - 10   

- 5  (   10 000 . / _ 

      1   2 ,  

  15 ,       35   

   15   . 

     . 

 

2.6   

-  -      

   ( ,    )    
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.       

        

 .       

 ,   .  ,    

   ,      

    (     -

). 

     : 

1.   Bio-Rad PowerPac HV (1-400 , 0,01-500 , 20-5000 ). 

2.     (  7 10) Mini-Sub Cell GT, 

Bio-Rad. 

3.  -   Bio-Rad Gel Doc XR  . 

,    : 

1.  ; 

2.  ; 

3.    ( - , - , -

); 

4. - ; 

5. 6-     (  FF,  , 

  ). 

 : 

1.         0.5  A  

. 

2.       45-50 .,  

  ,    600 . 
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3.       (    , 

   ). 

4.      . 

5.    25   . 

6.        . 

7.      (    

 ,   1 ). 

8.         (  

  )   5:1.       

    .   (  1  

 ). 

9.  ,    ,  

. 

10.   . 

11.          

       ,  25 . 

12.    . 

13.     . 

14.        

 . 
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3  

3.1      

         

       . 

(  1) 

 1 -      

№  

 

  10 

, /  

 

, /  

  

A260:A280 

1 43 0,43 1,97 

2 37 0,37 1,95 

3 46 0,46 1,94 

4 39 0,39 1,96 

5 35 0,35 1,96 

6 30 0,3 1,95 

7 41 0,41 1,97 

8 40 0,4 1,96 

9 34 0,34 1,93 

10 33 0,33 1,96 

11 42 0,42  1,97 

Escherichia coli K-12 41 0,41 1,98 

Ralstonia eutropha B 5876 37 0,37 1,96 

 

       ,   

 A260:A280         

1,8  2,0. 
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M –   1kb 

1 – 5 –    

6 – Ralstonia eutropha B 5876 

 1 - C     

 

   1      

  ,    Ralstonia eutropha B 5876.  

        10 000  

. 

 

3.2    16S-  

     ,   

   16S- .  ,  

,    500L  1350R.  

    . 

     2 
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 2 -      

№  , /  
  

A260:A280 

1 30 1,94 

2 27 1,92 

3 25 1,91 

4 31 1,93 

5 35 1,94 

6 32 1,93 

7 29 1,92 

8 26 1,92 

9 33 1,94 

10 31 1,93 

11 27 1,92 

Escherichia coli 

K-12 
36 1,94 

Ralstonia eutropha 

B 5876 
35 1,93 

 

        

,     A260:A280    

     1,8  2,0. 
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M –   1kb 

1–5    

6– Escherichia coli K-12 

 2 –   16S-   

 

   2      

16S-   ,    Escherichia coli K-12. 

,     ,   

 .     900 . . 

  500L -1350R  

 

3.3    500L – 1350R 

       

   : Bst MB I  BspFN I.  
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 3 -       
 500L – 1350R   

 
 

 
 
 

 

Ralstonia 
Eutropha  
B 5876 
 

 
Escheric
hia coli  
K-12 
 

1 2, 5 3 4 

Bsp FN I 
340 290  
100 90 40 

340  300 
140  100  

340  300  
140  100 

300  200 
180  90 
70 

450  300 
90 50 

430 380 
 

Bst MB I 790 50 50 
650 190 
50 

650 190 
50 

600 240 
50 

600 190 
50 50 

600 190 
50 50 

 

 4 -       
 500L – 1350R   

 
 

 
 
 

 

6 7  11 8  9 10 

Bsp FN I 
440  260  
110  60 

290 170 160 
100 90 40 

440 260 
120 70 

440 440 
390 300 
90 50 

Bst MB I 
380 350 
110 60 

770 50 50 
380 350  
110 50 

840 50 780 100 

 

3.4   in silico 

       

     ,     

: Rhizobium, Achromobacter, Pseudomonas, Arthrobacter, Bacillus, 

Klebsiella, Roseovarius.     in silico 

   16S-     pDRAW32.   

     

   GenBank        

  . 

 

https://ru.wikipedia.org/wiki/Rhizobium
https://en.wikipedia.org/wiki/Achromobacter
https://en.wikipedia.org/wiki/Bacillus
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 5 -    500L – 1350R   
   

 

 6 -    500L – 1350R   
   

 
 

 
 
 

 

Arthrobact
er 
globiformis  

Agrobacteriu
m 
timefaciens  

Achromobacter 
xylosoxidans  

Roseovariu
s tolerans  

Pseudomona
s  
fluorescens  

Bsp FN I 
438  260  
118  68 14 

444 439  14 
291 185 154 104 87 
39 15  14 

438 260 
118 68  14 

392 296 87 
50 39 15 14 
2 

Bst MB I 
378 353  
114 53 

845 52 774 52 51 12 
378 353  
114 53 

780 103 12 

 

3.5      
 

    in silico    

,     ,  

     . 

   3-10      

     16S-  

     .  

 
 

 
 
 

 

Ralstonia 
Eutropha  
B 5876 
 

 
E. Coli 
K-12 
 
 

Klebsiella 
pneumoni
ae 

Bacillus 
cereus 

Bacillus 
subtilis 

Bacillus 
pumilius 

Bsp FN I 
339 291  103 
87 39 15 14 

340 295  
141  104 14 

340  295 
141 
104 14 

294  209 
186  87 
50 39 15 
14 

445  294 
87 39 15 14 

445 381 
39 15 
14 

Bst MB I 787 51 50 
651 193 
50 

651 193 
50 

606 238 
50 

606 187 51 
50 

606 187 
51 50 
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M –  100 bp 
1 –  1 
2 –  2 
3 –  3 
4 –  4 
5 –  5 

6 – E. coli K-12 
 3 - 

 
  

  
BspFN I 

 

 

M –  100 bp 
1 – E. coli 

2 – Bacillus cereus 
3 – Bacillus subtilis 
4 – Bacillus pumilus 
5 – Bacillus cereus 

6 – E. coli K-12 
 4 - 

 
  

 
  

 BspFN I 
 

      

 .  3    Bacillus 

subtilis,  2 -  Bacillus cereus,  1 - Escherichia coli,    4 -  

Bacillus pumilus 

  
 

M –  100 bp 
1 – E. coli K-12 
2 –  1 
3 –   2 
4 –  3 
5 –   4 
6 – E. coli K-12 

 5 - 
 

  
  

Bst MB I 
 

 

M –  100 bp 
1 – E. coli K-12 

2 – E. coli 
3 – B. cereus 
4 – B. subtilis 
5 – B. pumilus 

6 – E. coli K-12 
 6 - 

 
  

 
  

 Bst MB I 
 

  ,   , 

 4   .   

   1  E. coli K-12; 4  3.    

   2   .  1 –  

Escherichia coli,  2  B. cereus,  3 - B. subtilis.  

  Bst MB I      Bacillus 
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M –  100+50pb 
1 -  6 
2 -  7 
3 -  11 

4 - R. eutropha B 5876 
5 -  10 
6 -  8 

 7 - 
 

  
  

Bst MB I 
 

 

M –  100+50pb 
1 -  A. globiformis 
2 -  A. xylosoxidans 
3 -  A. xylosoxidans 

4 -  R. eutropha 
5 -  P. fluorescens 

6 -  R. tolerans 
 8 -  

  
 

  
 Bst MB I 

 

       Bst MB I 

    .  

   6  8; 7, 11  R. eutropha.    

 10   .      

     . 

 

M –  100pb 
1 -  6 
2 -  9 
3 -  4 
4 -  10 
5 -  8 
6 -  7 

 9 – 
 

  
  

BspFN I 
 

 

M –  100pb 
1 -  A. globiformis 
2 -  A. tumefaciens 

3 -  B. pumilus 
4 -  P. fluorescens 

5 -  R. tolerans 
6 -  A. Xylosoxidans 

 10 - 
 

  
 

  
 BspFN I 

 

 

        

  ,      

    . 

       , 

     :  
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 1 – Escherichia coli 

 2  5 – Bacillus cereus 

 3 – Bacillus subtilis 

 4 – Bacillus pumilus 

 6 – Arthrobacter globiformis 

 7  11 – Achromobacter xylosoxidans 

 8 – Roseovarius tolerans 

 9 – Agrobacterium tumefaciens  

 10 – Pseudomonas fluorescens 

      BspFN I, 

         

    . 
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    11  .   

        

  .       

900 . .  16S  .     

  .      

      

.      

  : Arthrobacter globiformis, Agrobacterium 

tumefaciens, Achromobacter xylosoxidans, Roseovarius tolerans, Pseudomonas 

fluorescens, Bacillus cereus, Bacillus pumilus, Bacillus subtilis, Escherichia coli. 
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 Щ  

DNA - deoxyribonucleic acid 

FMT - Fecal Microbiota Transplantation 

bp - base pairs 

 –   

 –    

AT  – e a e  a  

TT  – e  a  

 -  

T  – e a  a  

 –   

 –    

 –   

T  – e  a  

 – –   

. . -   

 –     

 –    

 –   

 -   

 –     

2 -   2  

 –  
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