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(Knoblauch et al., 2018).       
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 1.   

1.1      

 

   ё      

 ,   .   

         . 

      

 ,   ,  

   .      

     ,    

   ,   

   0.7 ppm     

    70 ppm.    ,  

        CO, CO2, H20, H2,  

CH20,         

 ,  ,     .  

    CO     

 2,        0.34 x 1015 

 C/ . ,    1970 ,    

  0,8–1,2%  ,      

16,5 ppbv (ppbv –    )  ,     

 45 / .        1,8 

ppm,         550  678    [2, 9]. 

    ,     .  

      

( )  .     

 ,    “ ” „  

    -    
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( ,  ,  ),   

     2  2      

  .       

 ,   

     (   

, ,  ,  )    

 [3, 9]. 
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  ,     
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 20  80%      , 
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     [5, 14, 26]  
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   ,    , 
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( ),      – -  (pMMO),  

 (sMMO)     ( . 1) [15, 31].  

-       

   ,     

Methylocella,         (> 2.5 
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/  )    – 

,   – s  [15, 24]. 

 

 

 

 1 –     , 

 (pMMO),   (sMMO) [21]. 
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 [46]. 

  I ,     

  ( ),  II  –  ,  

       X, -   

-       ( . 2) [46]. 
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  ( . 3) [48, 17]. 
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  3 -    

   (http://www.genome.jp/kegg- 

bin/show_pathway?scale=0.35&query=methylocystis&map=map01100&scale=0.3

5&auto_image=&show_description=hide&multi_query=&show_module_ist)   

 

1.3 И я я   

 

        

 .    – ѐ    [34, 40]. 

,   1970         

     ,    

         

.         100 

        

-   [52].     

 (Methylomonas, Methylobacter, Methylococcus, Methylosinus  

Methylocystis)    2 . 

 ,       , 

     ( ). 

        

      ,  
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   ,    

    [20]. 

  

1.4     я 

 

  ,       

 ,       

 [35].       18   

    Gammaproteobacteria: Methylosoma, 

Methylomonas, Methylobacter, Methylococcus, Methylocaldum, Methylogaea, 

Methylohalobius, Methylomarinum, Methylosarcina, Methylosphaera, 

Methylovulum, Methylothermus, Methyloprofundus, Methylomagnum, 

Methyloglobulus, Methyloparacoccus, Methylomicrobium и Methylomarinovum 

[20]. 

   Alphaproteobacteria  5   

: Methylosinus, Methylocella, Methylocystis, Methyloferula и 

Methylocapsa [20]. 

        

 ,  : Methylocella silvestris, Methylocapsa aurea 

sp., Methylocystis strain SB2 [14]. 
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  Azotobacter.      
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ё ,        

  . [14, 19]. 

      -  , 

 ё      
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 -      46-65  %. 

,  ,   , -  

,   c, b, a. [17, 48]. 

     ,  

 ,   ,    

 .   

,   ,    

  ,    [6]. 
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  ,   .   

I    5  7 .  ,    

    . 

  II    ,   

,  .       
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 S-      [15, 16]. 
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[36]. 
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     .     3  5% 

       33%   

  [25].    ,    

       [38]. 

 

1.7 Э я   
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    ,    

  20  35°     -  

   (5). ,    

   ,    (> 

40° )  ,      , 

     (  2.5) [39]. 

   ,      

    .    80-  .  

,       

  [19]. 

        

   ,    

 ,     

. ,      

   ,       

        

   0° . [14]. 
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  :  

)    .  

         

.      , 

 , ,  ,    

      ,  

       

 [30, 14, 50]. 

     -  

   Gammaproteobacteria.    

  – Methylococcus capsulatus  

     45°       

   .  ,  

    25-30 °    -

   .    

 ,     

.         

  ,       

   40  70°     55-62 ° ,      

Methylothernmus [18]. 

 

)     . 

,   ,  

   .    

       ,  

    ,     

    +5  – 7° .     

  ,    ,   

    [3, 4, 50]. 
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Gammaproteobacteria       

15° .        

,     2°  [21, 14].  

-    Methylobacter psychrophilus, 

     , Methyloshaera hansoni  

Methylomonas scandinavica,       

      [47]. 

 

)     . 

       

 .    ,   

,  , ,   ,   

 .       

  ,    .     

    ,  

 .       

     ,  ,  

       

      100%  

,        

  [22].     

    

.       

    [13]. 

      

 ,       

    ,    

  [41].      
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      . 

     NaCl  . 

      

,     NaCl   

[28]. , Methylohalobius crimeensis,    

  ,      5.7  8.7 

% NaCl  .    ,    

 ,  15%,     

       [28]. 

 ,      

,    Gammaproteobacteria.    

Methylobacter  Methylomicrobium,     

 [20]. 

       

   ,  

      [9, 10]. 

       ,     

   ,    

      ,   

  ,      

 [7]. 

        

 ,       

 .       

Methylomicrobium – M. Buryatense , M. alcaliphilum и M. kenyense [14]. M. 

kenyense,      ,     

   10 [42]. 

   I  Alphaproteobacteria  

        

   [33].    
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   II     

  .       

  ,  Methylocystis,    

    6.0  9.7 [8].    

    ,    

       

 [14]. 

 

1.8 И я    

 

       

,       Methylocella, 

Methylocystis   ,    

    .    

       

  .     

, -      ,  

       

,       . 

,     ,    

 .       

     [24].    

      

    ,      

   ,   

, , ,      –   

     [24]. 
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      , 

      . 

   pmoCAB 

,        

 ,  mmoXYBZDC.  pmoA  mmoX  b-

   a-    

,      

,  ё     

  ,    

.  ,   

,     

pmoA,  525 . .      

   A189 + A682.     mmoX 

 ,  1230 . .   

 mmoXA + mmoXD [24]. 
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 2.    я 

2.1   ,   

        

 .      :  

 ,     - .  

         

    .     ,  

  ,    -   

( . 4).        

 . .   , . 

 

 

 4 –    ( )   

     .  1, 3, 4 

   ,  2 –  . 

 

  № 1 (  № 3, 7)     

  (51° 32′ . .; 105° 51′ . .).   180-

  - ,  -  
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  Dicranum polysetum, P. schreberi  Polytrichum commune 

Hedw.  

  №2 (  № 1, 2)   -  

  -   -   

 (52° 32′ . .; 107° 58′ . .),     

- -  180-  . -

  –    5%.  

   Cladonia. 

  № 3 (  № 4, 5)    

- -  (55°13' . ., 111°30' . .,  1035 . 

  ),     Pleurozium schreberi, 

        Cladonia  Peltigera. 

  № 4 (  №6)    

-  (55°13' . ., 111°28' . .,  972 .   

). -    ,   

  40%.  Pleurozium schreberi   

     Cladonia и Peltigera. 

         

 ,     №1   

  ;    4º      

      .  

      

       ,   , 

.  (72°22'25.3" . .;126°29'35.6" . .), . -  

(71°58'48.0" . .127°02'28.7" . .) ( .5). 
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 5 –   , .  

 

   6     5   

      - . 

  № 1   .  (N 72’22’7.25  

126’29’63.66),       Dryas punctata. 

-   –   70%.  

 -    50 . 

  №2   .  (N 72°22'11.6 E 

126°30'13.7),       Vaccinium 

uliginosum, Salix polaris. -   –  

  20%.     70 . 

  № 3   .  (N 72’22’12.92 E 

126’30’3.07),    ,     

,  .   Carex rariflora. -

  –    15%.   

  40 . 

  № 4   .  (N 72'22'48.1 E 

126'28'44.3),   -  .   Carex 
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rariflora. -   –    10%. 

    60 . 

  № 5   .  (N 72'22'42.1 E 

126'28'28.8),    ,   

.   Salix polari. -   – 

   10%.     40 . 

  № 6   . - . 

 -        

         

 . 

 

2.2    

 

        

       

,   ,    

 Picarro 2201-i (Picarro Inc., USA).   

     δ13   .  

    ,  

   Picarro 2201-i (Picarro Inc., USA).  

      3 ,   

    ,  4  24 . 

      

         

     ,   

    ,  7  ( . 1). 
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 1 –     

№    ( )  
1 2      

2 2      

3 1     

4 3     

5 3     

6 4     

7 1    

  

     , 

         

.      

   , . . .  . .   

Dicranum polysetum, Pleurozium schreberi, Cladonia rangiferina, Cladonia 

arbuscula, Cetraria laevigata, Rhytidium rugosum, Dicranium sp.   

      ,     

 14  ( . 2),     

 ,  .   
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,       . ,   

      .  Aulacomnium 

palustre, Hylocomium alaskensis, Rhytidium rugosum, Flavocetraria cucullata.  

        ,   

   15 . 

2.3     

    

2.3.1      

 

  7       

 ( . 3),       ,  

  - . 

 

 3 –       

     
 /    

Cetraria cuculata .  
Cladonia stellaris  
Dicranum sp.  
Rhytidium rugosum  
Sphagnum compactum . -  
Dicranum polisetum .  
Tomenthypnum Ivitnens .  

  

      “ ’’ [14], 

: ( / ) KH2PO4
 - 2, (NH4)2SO4 - 2, NaCI - 0,5, MgSO4 * 07H2O - 0,025, 

FeSO4 * 7H2O - 0,002,    

   200     (500 ),  

  1 . 1 .       

   (0,5 % . / .).       

     .  
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   29º     (180 / ),  

 14 . 

      

       ,   

      .  

   29º    2-3 .      

    . - 

   . 

       

" "   ( , . )   

    16S   .  

  -   pmoa  

 ё      

 a189f -a682r,     ,  "nested"   

 a189b-f - a682r       cmo182-f - cmo568-r   

 ( . 4). 

 

 4 –  ,     

  

   
A189F    5’-GGNGACTGGGACTTCTGG-3’      

A189b-F 5’-GGNGACTGGGACTTYTGG-3’      
cmo182-F 5’-TCACGTTGACGCCGATCC-3’      

   
A682R   5’-GAASGCNGAGAAGAASGC-3’ 

cmo682-R 5’-AAAYCCGGCRAAGAACGA-3’      
cmo568-R    5’-GCACATACTCCATCCCCATC-3’      

 

 

    : 50   , 

 30   , 0.2   dNTP,  0.2   

  , 0.8        
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MgCl2, 14 /   Phusion® Hot Start II High-Fidelity (Thermo Fisher 

Scientific, ), 1-  Phusion® GC     

   .    : 98ºC 

(1 ),  40  – (98ºC - 15 , 56ºC - 15 , 72ºC - 15 ),  72ºC - 10 

.  

"Nested"          

 A189b-F - cmo682-R (1 ,     

493 . .)   cmo182-F - cmo568-R (2 ,   

  389 . .,  - 1       ),  

 = 56ºC. 

        

  1%  . 

 

2.3.2 И      

 

       

,   ,    

 Picarro 2201-i (Picarro Inc., USA).   

     δ13   .  

       

ё  20     400 ,     

 Picarro 2201-i (Picarro Inc., USA).     

   4 :     

     2,5, 5.0  7,5 .  

   ,      

   ,     

     ,  ,   
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(Bacillus cereus). 
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1.      ,  

        

-  ,    . , 

    ,   

 .      

         . 

2. ,      

   ,     

.  

3.         

        

,    ,      

        

     . 

4.     7   

- :  etr 1   Pantoea ananatis 

1846 (97.58%),  Sp H2 -   Paraburkholderia 

phenazinium A 1 (98.07%),  D 3 -   Caballeronia 

sordidicola S5-B (98.58%),  RH 4 -   Pantoea ananatis 

1846 (92.64%),  SP H5 -   Paraburkholderia 

phytofirmans (98.30%),  D P6 -   Rhodanobacter 

spathiphylli (94.30%),  TI 7 -   Caballeronia udeis Hg2 

(98.65%). 

5.       

    0,005 ppmCH4 -1  0,040 ppmCH4 -1. 
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     etr 1,  

 SP H5. 

6.    -   pmoA  

         

D3  SP H5,  ,      

.         

. 
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