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MALDI  Matrix-assisted laser desorption/ionization 

SDS     

  -    

      

     

     

  -   

    

      

 (SNP)   (single nucleotide polymorphism) 

    

    

     

       «  » 

  3,3’,5,5’ –  

  -   

  -  ,  0,01 % -20 

  1- -3-(3- )    
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 . -          

        

    .   , 

    ,    

.        

  .    

   -     

  - ,  -   

.  -      - ,  

        , 

     -   . 

  20           

   ,     

     ,    -

 ,      Д1].     

        A, B, D.    

    ,     ,  - -

,      .    , 

       

  .        

   14 %   [2].   Pseudomonas 

aeroginosa      75% [3].   

 ,    : 

    -     , SHV 

 CTБ-M .         

 -  - -   .   

,     - - ,     

 -    ( ) ,  ,   

 .  ,  ,     

,          – 

,   .       

  ,     . 
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 ,     ( ), 

   ,     

 Klebsiella pneumoniae,  50 % Д4]. 

         

   ё    ,    

  .       

   -    .   

        

       - . 

         -  

.         

     .   

        

  -    

.          

    .    -   , 

           

.        , 

      .     

         

 [5]. 

   .        

        

     A, B  D (   

 Д6Ж).        : 

          

;         -  

  ; 

         

      ; 

        -

; 

        : 

   -     
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  -   -     ;  

     ; 

        

       ; 

        

  -     ( , SHV, CTX-M )  

  ,     -  

        ( ), 

     . 
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 1.     

1.1.  

  -      

Alexandr Fleming  1929  .       

,      Д7].   Chain  

Florey      ,    

      Д8].  1945  ,    

        «     

      ». 

  1970-          

    ,    

       

.        

       

    .    

      ,  

 ,       -  

- . 

,     -  ,   

,      ё      

  ( ) -  – ,  

        

 Д9Ж.      

   TТЩЩОЫ  SЭЫШЦТЧРОЫ  1965  Д10Ж.    

  G    D-Ala-D-Ala  

 ё   .   ,  

 -         Д11]. 

   ( )    -   

ё    1  2 [12].  ,       

  -     ,    

   Д13; 14]. 
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. 1.    ( ) [12]. 

 

. 2.   ( ) -   [12]. 

,       ,  

,   ,     

   .   –  – , 

   Streptomyces cattleya,     70-

 . XX  Д15Ж.    ,      

     ,    

  Д16Ж.        

: , ,   .    

   3.        -

 .       

   -      -α-1-

   6-  ,       

   Д17].  
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    ,   5-10   

,   .      , 

 , ,    

      ,   

     Д18Ж.    

 -1 ( -1) – ,    

  ,         

  ,  -1 [15].  

     -    

 ,       -1 [19]. 

  2-4         

P. aeruginosa. ,       Д9]. 

 -   ,     -   

      Д20].  

     ,    

    -        

[21Ж.          

,        Д22Ж.  

    Enterobacteriaceae    

,       P. aeruginosa -   

         Д23]. 

           

        pH [17], 

         , ,  

  ,         ,   

     2-3      Д24].  

 –    ,     

            

        Д25, 

26]. 
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. 3.     ( , ,   
). 

       –   ,   

       Д9].    

   4.         

 Д27],      Д28Ж.    

,       - ,  

  ,   -  Д9Ж.    

(       4 )   -

-  ( )       Д29]. 

 

. 4.     . 
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  Д15Ж.        

,    .   

    , ,    

Streptococcus pneumoniae, Enterococcus spp.,     - 

  Enterobacteriaceae (Klebsiella spp., Escherichia coli, Morganella spp., Proteus 

spp., Citrobacter spp., Enterobacter spp.),   P. aeruginosa, 

Acinetobacter spp.,   H. influenzae, M. atarrhalis, Neisseria gonorrhoeae  Neisseria 

meningitidis.       , , 

    Mycoplasma, Chlamydia, Legionella, Stenotrophomonas  

  Staphylococcus aureus. 

1.2.       

        

   . 

 .    

    -    

 - . -        

  ,    -

 ,  ,     - .  

   -   1940 .,  E. Abraham  E. Chain  

         Д30], 

         

-   .   -    

     ( ),    

      [31].   -  

  -      . 

   -        

     . 

   -  (    Д32]     

 2000 )     ,   

        

,     -  ,   

  .  



14 

 

Д   .        

        ( ) 

   . ,   OprD,   

    ,   

,    - . ,     OprD, 

     - ,     

( , AmpC  Д33Ж),     

P. aeruginosa [34Ж.     Klebsiella spp.     

  Д35Ж.      -

,        Д33]. 

     ( ).   

,       ( ),    

      P. aeruginosa   Д36, 

37Ж.      -     

         Д38Ж.  

    MexAB-OprM     

      – , 

, ,  Д39]. 

И   .    

      -   

       -    

 [38]. 

      ё  

     1.  
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 1. 

       

    

 
Enterobacteriaceae 

1.  -   
(   , - - , 

  -48) 

2.     
      
     

 

Pseudomonas aeruginosa 

1.  -   (  
, - - ,  

  ) 
2.     

    

3.       
(  )  

Acinetobacter spp. 

1.  -    
(   , - - ) 

2.     
    

 
 

1.   , . .  
  

 

1.3.  -  

 -   ё    .    

   2000      [32]. 

  -    ё   . ё 

P. . Fleming  1963   ,   

  ,    .  

       - : 

  . 

   R. Ambler  1980  Д6Ж.   

        -

    4   – A, B, C  D.   A, C  D 

        , -  

    ,          

  Д6]. 
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    K. Bush  1989  Д40Ж.  

         -

   3  .  2010    

    ё      [41]     

       .  

     2.  

     (  C   ). 

,   , ,  ,    

 Enterobacteriaceae    . -   1 

  ,       

 [42]. 

  -       .  ё  

 -    A  D. ,  , -

 ,         . 

 2      Staphylococcus spp.  

Bacillus spp     ,   . 

  2b ( -   TEM, SHV)    

 ,      Д41Ж.  

 2be  -    ( ),   

       III –IV  

.       -

  TEM  SHV,      TEM-1  SHV-1 

[43Ж,    ё   CTX-M .   

       . -

 CTX-M      TEM  SHV   

   ,   .     

   Д42Ж.   2br  -    

,     .   2   

,         

 .   2d  -    D, 

     ,  50%   

 ,     - -  

[41Ж.        .   

 , ,         
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 2. 

 -  

 
 BЮЬС 

 
 

 – « »  
 

    
 

 
 

 
-  

 
 

 

1 C   (  
  

Enterobacteriaceae) 

, 
 

 

 I—III  
;    

 

   AmpC,  
ACT-1 
CMY-2 

1  C E. cloacae 
P. aeruginosa 

, 
 

 

 I—III  , 
  

  GC1 
CMY-37 

2a A   
Staphylococcus spp.  Bacillus 
spp. 

    
 

  PC1 

2b A   (  
  

Enterobacteriaceae)  

, 
 

 

,  
, , 
  , 

 I   
 

  TEM-1 
TEM-2 
SHV-1 

2be A   (  
  

Enterobacteriaceae) 

, 
 

 

 III –IV   
     

  
 

  TEM-3 
SHV-2 
CTX-M-
15 

2br A   (  
  

Enterobacteriaceae) 

    
,  I 

 

  TEM-30 
SHV-10 

2ber A   (  
  

Enterobacteriaceae) 

  III –IV   
     

  

  TEM-50 
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2c A Pseudomonas aeruginosa, 

Moraxella catarrhalis, Vibrio 
cholerae, . 

  

      PSE-1 
CARB-3 
BRO-1 

2ce A        RTG-4 
2d D Pseudomonas aerugmosa,  

  
 

, 
 

 

     OXA-1 
OXA-10 

2de D Pseudomonas aerugmosa,  
  

 

, 
 

 

 III–IV    OXA-11 
OXA-15 

2df D Acinetobacter baumannii,  
  

 

, 
 

 

   OXA-23 
OXA-24 
OXA-48 

2e A Proteus vulgaris, Citrobacter 
diversus, 
S.maltophilia, Bacteroides spp. 

 ,  
I— III   (   

) 

  CepA 

2f A     ,  (  
 ), 

 

  KPC-1 
IMI-1 
SME-1 

3a B   , 
 

 

  - , 
 ,  

 

  IMP-1 
VIM-1 
NDM-1 

3b B   
Aeromonas spp. 

, 
 

 

   CphA  
Sfh-1 
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,    .   2de 

 , 2df –   ,   .  

 2   -  .  2f   

    (KPC, SME, INI/NMC, GES ). 

       - - , 

         (    B) 

[42Ж.  -    ,   

,   .      . 

      – 3  –     

  - ,    (    

ё  - -  IMP, VIM, NDM )  3b –  -

   .   3b – 

-    Aeromonas spp. [41]. 

1.4.     

       

- : 

 : -   KPC, SME, INI/NMC, GES (   2f) 

 : -   IMP, VIM, NDM, SPM, GIM, SIM (  . 3) 

 : -   Y-10 (   1) 

 D: -   OXA-23, OXA-40, OXA-48, OXA-51, OXA-58 ( . 2df). 

  1990-      , 

-  - .   -  

- -   Pseudomonas aeruginosa,  -   Acinetobacter 

baumannii    KPC  Klebsiella pneumonia    

  Д44Ж.       

       . 

1.4.1.     

         

 2f.      -       

  ,   .   

   ,   265  269  

    25–32 .      
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  5,8  9,7.       ,  -  

α- ,     - ,  α- .   

   Ser-70       Д45].  

   - ,       

 ,      ( . 5) 

[45]: 

 

. 5.   -   - ,  
    [45]. 

   

 (Klebsiella pneumoniae carbapenemase) –     

   .       

    -  : , 

,      ,   .  

  ,     -    ,  

,          

  ,       

  Д46Ж. -     Д47]. 

,   - ,   .  -

  Klebsiella pneumoniae    ,  

AmpC , -    ( ,   CTX-M 

)  - -  Д48Ж.   ,      

   ,       

  OmpK35  OmpK37 [49Ж.  , ,    -

          – 

 (qnrA, qnrB),  (ArmA  RmtB) [34, 46Ж. ,  
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-       

,      Д50].  

   ,   -1,     . pneumonia, 

    ( )  1996 .     ( -2, 

-3,… -24) –   ,     1-2 

,      .  ,  

  Klebsiella pneumonia ,       Klebsiella 

oxytoca, Enterobacter spp., Salmonella spp. [44], Citobacter freundii, Escherihia coli, Serratia spp. 

[51], Pseudomonas aeruginosa  Acenetobacter baumannii [52].  

-  Klebsiella pneumonia     ё  

,  ,      Д50]. 

,   - ,   .  , 

       (  Tn4401- ) Д21Ж.  

   -     , 

          

   ,     .  ,    

        . 

 

. 6. ё       Д56Ж. 
 2005         

[53-55].          

     :  , , , , , 

 Д56, 57],  Д58Ж,  Д59],  Д60],  [61], , , , 

, , , , , , , , 
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 [46, 53, 56Ж ( . 6  11).        

  [62Ж.  ,   KPC    

-   (TEM, SHV  CTX-M ). 

1.4.2.     

     -  -  ( ),  

        Zn2+.    

          

,    -   (  

  ) Д63Ж.  ,      

  -  (  ,   ),  

   ,     . 

 - -     1966 ,  Sabbath  Abraham 

,    ,   Bacillus 

cereus,    Д64Ж.       

    Bacteroides fragilis, Bacillus anthracis, Aeromonas hydrophila, 

Flavobacterium jonhsoniae, Stenotrophomonas maltophilia.   Stenotrophomonas 

maltophilia,      -    

 Д44]. 

    ,      

 – 1, 2  3. ,    1  3, –   

      - ,  , 

    Д64Ж.       Zn2+-

 .   1  1     (His116, 

His 118  His196),   2   His263, Cys221  Asp120.   3 

  1  ,  s221   2   His.   2 

  .      

        . , 

     ,     2  His116,  

   1  3,   .    –   

       2:  ,   

 2    N116H     

   c       ,   

  Д64]. 
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 1998  Bounaga  .     -

      BcI  1 ( . 7).  

 ,  ,       (His116, 

His118, His196)   ,         

  ,     -    .  

-          

-  ,      , 

    .   Asp120    

,  - ,     , 

    .   , Asp120 ё    

 -  ,       [64]. 

 

. 7.   -   - - . 

   2    .  

-     Asp120  His118.   -

  ,   His196, ё   

.  

       

    ,    

   .   ,   

SPM,     .   ,    

,   ,      

   .      

   ,      

Pseudomonas (P. aeruginosa, P. putida)  Acinetobacter (Acinetobacter baumannii),   

 Enterobacteriaceae [63].  
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    5     : 

IMP, VIM, SPM, SIM  GIM.  

 IMP  

  IMP        P. 

aeruginosa  1988    Д65Ж.  2000    -  IMP-2,  

      1 Д66Ж.      

       

    Д46Ж.    ,   

  IMP ,   Д67Ж   Д68Ж ( . 8). 

 VIM  

  blaIMP, ,   VIM   K. pneumoniae, 

     1   Д69Ж. , ,   VIM 

      (  )   (  

Enterobacteriaceae spp.)    ,   blaVIM   

       ,  

     Д70Ж. ,       

blaVIM   blaIMP        , 

  ,   VIM  

 .  , ,   blaVIM ,    bla    (blaSHV, 

blaCTX-M),       Д46]. 

  VIM- 1     ( )  P. aeruginosa  

1997  Д71Ж. -  VIM- 2      P. eruginosa   

 1996  Д72Ж.     VIM     

Pseudomonas spp., Enterobacteriaceae spp. (    K. pneumoniae, E. coli, E. cloacae 

 Proteus mirabilis), Acenetobacter baumannii    ( , , , 

, , , , , ),   ( , , , 

 , , , )     ( , ) [46, 

73Ж.    VIM  IMP    ,    

  Д69, 74]. 

    ,  VIM-  

 Pseudomonas aeruginosa,  ё .    

  (    . 8), ё   2002-

2004     ,     

60%      (   7,4 % 
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 ),  2006-2007 . 74 %      (27,3 % 

 ),  2008-2010       75 %  

  (  38,1 %     ) 

[3Ж.  - - ,     ,  

VIM- 2 (99,6 %    ) Д3Ж.   ,  

 -      (  

   ,  ),  2010  5,9%   

  (     ,  ). 

 

. 8.  - -    ,     
   Д3Ж. 

 NDM  

  NDM (New Delhi metallo-beta-lactamase)     

  2007   ,        -  ( ) 

[75].       ,     

 ,   ( ,   ). 

       - - .  

    ,       

  ,        - -

;        VIM-1/2 (32% ). 

 - -    NDM-1,     ,  

,    ,    [75].  2008 NDM-1  

  29     143     

 [76].  
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-  NDM-1  270      

,      - -  αβ/βα   –  

 β-          ё   

 α-  Д77, 78Ж.    NDM-1  

  9 [77Ж.     27,5 .    

   6,9 [75]. 

 

.9.  NDM-1      (PDB 3Q6X).  
)    β-   α-    .   

    . )  /     
       W,   , ё    

 Zn1 (H120, H122  H189)  Zn2 (D124, C208  H250) [77, 78].  

NDM-1    1 - - ,     , 

    [78Ж.      1  -

    -     

.  ,  ,   blaNDM,    

  1,     –   

 ( ,    - -48, VIM, KPC ),   

-  ( ,    AmpC ),   (  

),  ( -  16S ),  (Qnr- ), 

 ( -   ),  ( -   

),  (  -  

) Д78, 79Ж.       

  ,     NDM .  , 

NDM-            

  ( )   Д80Ж.      
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         -  

 Д81].      Pseudomonas 

aeruginosa    Proteus,      

,    [82].        

    -       

.         

     ,   

, ,    [82]. 

    NDM  K. pneumoniae, 

Acinetobacter baumannii  E coli,       Enterobacter 

cloacae, Citrobacter freundii, Morganella morganii, S. aureus, Klebsiella oxytoca, Pseudomonas 

aeruginosa, Proteus spp.  Providencia spp. [83]. 

  NDM    ё   .  

  2007 ,        

    2012      ,   . 

  ё  ,  - -  NDM, 

   10 [79].  

 
. 10. ё  -   NDM  Д79Ж. 

  ,  NDM-  ,  

  Д83Ж.  NDM   5-18,5%  Д79]. 

 ,  blaNDM-1        -  Д84Ж.  

 NDM-     Д85]. NDM-  
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     , , , , , , 

, , ,    Д80Ж.   

     NDM   ё   -

 Д62].  

1.4.3.    D 

-    D    OXA- -

.             

 ,     (  5,  

1.4.1.).     D    2d 

   Bush,    ,  

    ,   [41Ж.   OXA-25, 

OXA-26, OXA-55     ,     

  2d    Д86Ж.   

          

 ( .  1.3.  ) Д41]. 

  D      400   

        -    

,     .     14  

- - ,       17  95% Д87Ж.  

    ,     . -   

D    ,   ,    

   in vitro  .      

-   ,  ,      

 -   D in vitro. NaCl   100 M   

  -   D (  -24/40).      

, ,     Tyr144,    -24.  

in vitro ,   Tyr   144  Phe     

 NaCl [88]. 

  ,      , -   

 D      [87].   -

 -   D  ,    

      ,  

 Acinetobacter spp., Pseudomonas spp.  Enterobacteriaceae spp.  
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        Д87Ж.  

     ,    

,     .  -   

   -    ,    

,     .  ,  

    ,     

  ,     Д87]. 

    D  5   (  

   ): OXA-23, OXA-40, OXA-51, 

-48, OXA-58.    D   243  260 

 .      

  23÷35,5 .        5,1÷9,0. 

    D  , ,  ,  

  , ,    

( , ),     -    ( , 

)        Д86]. 

  -   D     -

 OXA-23 (    ARI-1 (Acinetobacter resistant to imipenem)),  

 Acinetobacter baumanni    1985  Д89Ж.     

 ,  17 .     

  .        D,  

 36%    OXA-5  OXA-10.     

 -23    Д90Ж,  Д91Ж,   Д92], 

 Д93Ж,  Д94Ж,   Д95Ж.    SENTRY 

  , 41%  Acinetobacter,   -   

-23,      -58 [90].  

    D  12 ,   

 OXA-24/40.  OXA-24/40,    ,   

  - ,     Acinetobacter 

baumanni [96Ж.  ,  ,   ,    

,     Д97, 98Ж.  -   -

24/40    Acinetobacter baumanni,      

    - Acinetobacter haemolyticus [97], Acinetobacter pittii 
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[99], Acinetobacter baylyi [100Ж,    P. aeruginosa [98].      

  ,  Д101, 46Ж,  Д102Ж   Д103, 104]. 

    D (OXA-58)  4 .  

OXA-58      2003 . ,   , 

      Д105].  OXA-58 

 35, 33  18%   OXA-5, OXA-10  OXA-1,  Д106]. 

    -58  Acinetobacter baumanni,  

      Acinetobacter nosocomialis      

 [107], A. pittii  -  ,      Д108], Acinetobacter haemolyticus 

-   Д100Ж  Acinetobacter junii  A. radioresistens -   [90].    

  -58     Д46, 87, 109]. 

   - ,  ,  

  OXA-51.      .   

 48 .          

  ,    ,   

    Д87Ж.      

     Acinetobacter spp  , 

,     Д110]. 

-  -48   ё    

D   Enterobacteriaceae [87].   Acinetobacter  Pseudomonas  

       .  -48   

   (   )     

,       . -48  

    ,   NaCl (IC50 7 ). 

12       ( -48  -54),     

     95%.  -54  

 -48  20  ,     

 -48,     ,     

.  -54   ,   ё   

        [87]. 

,   -48,   . 

 ,   blaOXA-48,      (blaCTX-

M, blaSHV, blaTEM)   AmpC [111, 112Ж.  K. neumonia,  

  -48,      Д113],    
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   Д111Ж,   Д114Ж    ( , 

, , , ) Д46, 115Ж.  -48   

     Enterobacteriaceae   Д103],  Д112], 

 Д115]   Д116].       

 Д46].       -  

  ,    ;     

  -  -48 [62]. 

  ё        

 11 [46].  

 

. 11.     (2015 ) Д46]. 

        

 KPC-2, NDM-1, VIM-2, VIM-4  OXA-48 [3, 62, 82].  
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 2.      

    

2.1.        

2.1.1.        

  

          

    -    

.         

          

. 

        

 ,    

  –     ( ). 

     ,    

         [117]. 

       

           

  ,      . 

          

,            

   .      

    Д118].  

 2014       

(European Community on Antimicrobial Susceptibility – EUCAST)    

   Д119Ж.     

 ( )     : ,   

.      ,   

      .   

 Enterobacteriaceae        

 8 / ,       - 1 /  Д119Ж.   

     (Clinical Labaratory and Standarts 

Institut – CLSI)          4 /    
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 -  2 /  Д120]. CLSI     Enterobacteriaceae 

     ,    

     . 

   Pseudomonas  Acinetobacter  EUCAST 

        8 / ,   -  

2 /  Д119].  

 ,         

  .  -  ,    

  ,      

[121Ж.          

 -  . ,    

    -  ,   

    Д44Ж.      

     .   

   B        ,   

,   ,        D 

    .   -48    

  ,      

       Д122].  

 ,      , 

    -  Staphylococcus aureus,  

    -  .  -  

      ,  

      Д123Ж.  

       

      -    

 , ,       

.      ,     

  -       Д33]. 

  P. aeruginosa   - -  VIM, IMP, GIM, SIM,  SPM  

     4  128 / . ,     

  E. oli,      ,   

0,5 / .      ,      

  P. aeruginosa.         
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    A. baumannii,      

D.  -     A.baumannii,     

 8 / ,   E. oli,   ,    

2 /  Д44]. 

 , ,       -  

        –    "  

",          

     Д23, 124].  

 ,       

  .      

      .  

2.1.2.     

 -   

  ,   -  ( ) -    

       .  

    ,    1978  Д125Ж.  

       S.aureus,    

    (10 U)       

       .  -     

 Д125Ж.  2001  Lee     -  

( ) Д126Ж.    -  S.aureus ё   E.coli ATCC 

25922,  10 U    10     Д126Ж.   

         

        

   Д126, 127Ж.   , 

      ,     

       Д127].  

         

     D,      

  (OXA-23, GES-5  GES-6) [128Ж.  Girlich   

,     NDM   50% Д129].  

-        -  

   (100 / ),    -  . 
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         85,7%. 

 ,  -        

 ( -  )  Amp  -  c    Д130].  

        ,   24-78 

        .     

ё         ,  

   . 

 «  »  ЭД А 

 «  »      -

    ,    

            

    -  .  

     , 2-

 ,  ,    . 

      .   

    ё   (combined disk test - CDT).  

   ,        ,  

,             

,   .  ё      

     Yong    2002  Д131Ж.   

      (10 )     

(750lg).     -  Pseudomonas,   

    Acinetobacter  95,7%  91%  Д131].  

 12     ё    

        + .   

+  ( )     ,    

,    Д132]. 

    EUCAST      

    (ESCMID)    

 -        .   

           

   (10 )   +  (0,25 ) ,   5  Д119Ж. 
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. 12.    ё      
 +  Д132]. 

    «  »,   double disk synergy  

(DDST), ,      ,   

ё     .        

       -  – ,  

  (         ) 

[133Ж.          

«  »    13.       

   Д132].  

 

. 13.    «  »   DDST  
    Д132]. 

        ё   

ё  ,         -

    [127].       

        ,  -  , 

      .   

  - -       14 ,  Д133].  
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. 14.       «    »: A   – 
  ( -), B   –  .  : 

CAZ –  (30 ); IPM –  (10 ); MEM –  (10 );   
 – , 5  0,5   [133]. 

           

   .        

        Д123]. 

        , 

  -       , 

 Pseudomonas  A. baumannii,     -    

   K. pneumonia,  -       

    E. cloacae  C. freundii.      

 86,7% Д44Ж.     ,     

          D.  
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E-  

 -        /   

  .      (    

  ),    –    

  .       

         .    

Acinetobacter baumannii,  -  VIM- 2,   -   

  15 [69]. 

 

. 15. -      (AB BIODISK, Solna, Sweden); : IP-
  , IPI-     . 

    94%   95%   138 

   Д44].  

 2013     -  (AB bioMerieux, , ), 

   +      

/ +        KPC 

[134Ж.    , ё   133   

  Enterobacteriaceae,     

  KPC  91,7%  90,3% ,   

  - 94,4%,  - 81,5%.    

-    10       4 /  Д134]. 

 ,  ,         

      ,   

  -  .  ,   -   

 -      -23, 

 A. baumannii [44]. 

2.1.3.        

И   

  ,        

 pH      ,   
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   -   1975 Д135Ж.  -    

    ,  0,7 /   

 ,    -  . 

      ( ,   ) 

ё          

 A, B  D [23, 44]. 

ё         

 –    : -    

      ,  E.coli 

ATCC 25922.           

  Д136Ж.      

  AsbM1  Aeromonas sobria - ,    

    Д137].  

     KPC   

 . , Wolter      

KPC-5,     KPC-4,       

 KPC-2      Д138Ж.   

,          ,  

         

,  KPC-2. 

  ё      

     ,      

   -     Д44Ж.   

           

    . ,    

    .  

 я 

 ,      

 ,        

.      :     18 

 (         8 ),    

    150 /       

 - .      

  297  Д23Ж.   Bernabeu  ,    



 

 

 

40 

100%   98,5%    Д139Ж.  

KPC      ,  , 

 OXA-48  .     

  SIM, IMP  VIM ,    

 D  NDM      Д140]. 

        

,   ,     

( ,   ,  )   , 

   -  -  .  

            

,        . 

  

  -      - , 

       -   

  .     -  

( , ),    .  ,  

      - , 

    ,   -  .  

 - ,         

-    ё -   .   S.aereus, Haemophilus 

influenzae,  - ,   ,    

     Д123].  

         Enterobacteriaceae 

 P. aeruginosa,      Carbapenemase Nordmann-Poirel test (Carba NP 

).        , 

       (   

  ) Д140Ж.        

 .          

,   ,    .  -

        / .  

       A, B  D,  

      Д123Ж.   

   100%  94,4%, ,    Pseudomonas  

100%   Enterobacteriaceae [23, 121, 141]. Tijet     
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     244  Enterobacteriaceae  Pseudomonas 

aeruginosa.   100% ,      

  Д142Ж.   -    

 ,    ,  OXA-48 

(      17).  ,      

  .      2  

   80% Д123Ж.  Dortet     

Carba NP        ,   

.         3 -    

-  ,     ,   

 ,  24   5  Д123]. 

 Carba NP         Rapid CARB 

Screen Kit,  pH  (Rosco Diagnostica A/S, Taastrup, ) Д140Ж.  

    ,          

Carba NP    30      72  Д143Ж.   

66  ,     A, B  D,  69  

,   ,   Carba NP    

Rapid CARB Screen Kit   (97%  98%),    

   ,   Carba NP (83%  100%) Д144]. 

  Carba NP     Acenetobacter   

   - - ,        

.       CarbAcineto NP  

(   Carba NP) [140Ж.      ,    , 

  CarbAcineto NP     (    

 NaCl)     Д23, 145Ж.      

       GES-   

 100%   94,7% Д140, 145Ж.  Carba NP II   

   A  B        

     , .  , 

  ,     , 

     D [141, 146Ж.  .16  

  Carba NP II  ,   Dortet   Д141]. 
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. 16.  Carba NP II  .  
( )   , ( )     

 Enterobacteriaceae  Pseudomonas spp [141]. 

ё   Carba NP    Pires   Blue-

Carba [147Ж.         .   

      ,    

    ,     (  

6,0-7,6)     - .    

   . Blue-Carba,  ,    100% 

      , 

  Д146, 147]. 

Carba NP     -      

      (CLSI, 2015)  EUCAST 

        [146, 148, 149]. 

      -  

,      OXA-48,  ё  

  . ё        

        

     - .  
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- я 

   -      

-       - .  2011  

      ё  -

 (matrix-assisted laser desorption ionization time-of-flight mass spectrometry - 

MALDI-TOF MS) [150].         

    .     

      , ,  

    ,   .  

   1-4   350 ,       

      -     

        Д23, 123]. MALDI-TOF 

MS     124  ,    

,   30    VIM- 2  IMP-7  P.aeruginosa, 

VIM-1, KPC-2  NDM-1   Enterobacteriaceae,   

    95% [150Ж.     

 IMP-  -    Acinetobacter [23, 152]. Hrabac  

    ё      

         NDM-1, VIM-1, 

KPC, OXA-48  OXA-162  Enterobacteriaceae  100%    

 [151]. Kempf    ,     

    Ultraflex I -        

            Ac. 

baumannii [153Ж.  Hoyos-Mallecot      

   MALDI-TOF MS,   4,5 ,  

   100%,  90% Д154]. 

          

.  MALDI-TOF MS        

-   ( - / ).  - /    

      ,   ,   

 Д140, 155]. Carvalhaes c    -    

      ,   IMP-, 

NDM-, VIM, KPC-, GES-  - .     4    

   100%.      
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 Carricajo   - /  Д156Ж. -     

 MALDI-TOF MS.         

  -   ,   

.          

   Д140].      

         

 .  

И я 

     ,   

          .  

        (    

 ).      ,   

 .       , 

      .    

    ,    ,  

        Д157].  

        

        . 

Kitao        IMP-   P. eruginosa, 

        Д23, 158]. Notake  

     IMP-     

Enterobacteriaceae      100% 

   Д23Ж.  ,     

,     .    

     -  Д158Ж.  ,    

,    . ,      IMP  NDM,   

  IMP-1  IMP-2  IMP-7.  

   ,      

 .     .   

        (24-78 ).  

    .  ,     

   ,       

  .         
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    -  

. 

2.2.     

        , 

-         

  [123Ж.  -  ,   

 :  

    ( ,    , 

    ) 

     (  

    ) 

    ( - ) 

2.2.1.   ,     

  я я  

         

   , Queenan  Bush  ё     

         

     Д44].       

         

( )  –     -   

       .    

   ,      . 

       ,    

           

ё   Д159Ж.  2007  Ellington    

    5  - -  VIM, IMP, SPM, GIM 

 SIM   .  Poirel  ,    

,    KPC, NDM-1  OXA-48.     

        Dallenne   

  -1, ,   Amp C - ,  

 A, B  D [160Ж.         . Д123Ж.  

2011      Voets  ,  7 
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    Amp C - ,  (GIM, NDM, SIM, SPM), 

  (IMI, SME, NMC-A), OXA-  (23,24,48,1,2,51,4  58), 

    4  ,   Dallenne [161]. 

Ц      

    -     

           (  

).      ,     

        . 

        -  

    .      

 ,       

 . 

 2007  Mendes  .         

   (IMP, VIM, SPM-1, SIM-1, GIM-1) [162Ж.   Monteiro 

          

    (KPC, GES  OXA-48)   (IMP, VIM, NDM), 

      Д163].  

     –   ,   

   ,   -   

    .     - ,   – 

- .          

      ( -   ).  

       ( ).  2011  

Chen          

      KPC [164Ж.   

   ,       

    ё . 

        Taqman,   

  .      

.       ,   

.        ,  

 5'-   Taq-  (   

    5'-3')        
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 .       

 ,      Д165].  

        Д166]. 

       100%   

.   ,    -    

   Д123].  

    GenExpert (Cepheid, Sunnyvale, CA)  

     ,   blaKPC, blaIMP, blaVIM , 

blaNDM  blaOXA-48.  Decousser     ,     

  bla -48  Escherichia coli     GenExpert   

Xpert Carb-R,      Carba NP    [146Ж.  

       Check–MDR Carba (Check-Points).  

        KPC, NDM, OXA-48, 

VIM , IMP [167-169Ж.   Check-Direct CPE (Check-Points) -    

,    .      -  

NDM  VIM       ,   ё 

  170Ж.    KPC     

 QKPC (bioMerieux, Marcy l'Etoile, ) Д171]. 

А    Д К 

-  ,       

 .     ,    

, QP-  .       

       

  . 

И       

    ,     

 Taq-      ( , , 

 ),      

 (loop-mediated isothermal amplification, LAMP),    -

       Д172, 173Ж.  

      .    

 , Bst -       

.       -
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, ё      .   

   ё       

       Д172, 173Ж.  

   ,  LAMP       

     Д169].  

Solanki        

      NDM-1  KPC [174].  

     3  ,     –  

,    ё    .    60◦C  

 45 ,   ,    800C (5 ).  

     .   

  60   Escherichia coli, Klebsiella pneumoniae  Acinetobacter 

baumannii            

  (   -  ) [174].  2015  Nakano  

        

   KPC  Д173Ж.    680C   50 

   5  (2  , 2     ). 

      , ,    

 (100 / ) [173].  

        

   Superbug complete A kit (Amplex, Gieben, ), 

  450    ,  

  NDM, KPC, VIM  100%   ,  

  -48  83%,   IMP  OXA-181  ё  

  Д169].  

2.2.2.     

 -         

 - ,    . ё     

       . 

     ,     20000  

     ,   

   ( )  next generation sequencing (NGS),  

         Д175Ж.  
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      « » .  

        - , 

   .        

,   ,     .  

          

      . Д176].  

      -  

,     ,   

         

[177].      ,  454 GS Junior (Roche, , 

), MiSeq (Illumina, - , )  Ion Torrent PGM (Life Technologies, Grand 

Island, ) Д178Ж.      MiSeq (Illumina)  

          (0,4%  1,78% Ion 

Torrent),         -   

/    [178, 179Ж.     

    ,   (blaCTX-M, blaTEM, 

blaSHV), -  AmpC (CMY)   (blaKPC, blaNDM) [159].  

      ё  

         

     Д146Ж.     

  ё       , 

  ,   8   100%    

[169Ж.          

    ,    .  

    ,      

           , 

   Д146, 177Ж.      

      ,    

  ё   . 
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 3.    -  

   -      

        

.    1975       

    , ё   ё  

.  ,  ,   -  Д180Ж.   -  

 ,   ё    

 ,      .    

  80-  .  1995      -

      Д181]. 

-           

  (1-10 2),        

     ё   . 

   ,   ,   1 

  1 2 ,       10  1000 .  

  -         

          

  -      

.      ,    

 ,    ,    

      Д182].  

         ё  

  .        

   ,       

   .        

-           

 .        

,      .   

 . .  [183].        

       

 [184]. 

         

  - . ,  ,  ,    



 

 

 

51 

  -    , ё    

.         ё   

 ,        - .    

     « »- .     

 - ,     - ,   

  -    « » ,  

.       . 

3.1.      -  

         

     .    

   :        

   ,     

(  )  - . 

    Ц .       

    .      

  ( ),  ,  ,  

.            

 dCTP,     ,  

Cy3-dCTP [185-187Ж  Cy5-dCTP [188-190].     

   - .  

        

 . , ,      ,  

 (dTTP)    

 (Biotin-dUTP) [191-193].  , ,    

        -

.    ,     

       

           

.   -          

       

3:2 [185-188, 194Ж,     2:1 Д195, 196]  1:1,  

[190].  
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    Д197-199Ж.     -

       –     

  ,   ,      

–     .    -  

    ,      

 . 

    (  ).  

  ё        , 

 FОТЧЛОЫР  VШРОХЬЭОТЧ  1983       

  Д200Ж.        .   

        . 

      ё  (  -

 I,  5’→3’      

   )    – ё  « » 

(  )   « » (   ) Д201Ж.   

      (  , 

         4096  

),       -  Д202].  

    ё     

           [203Ж.  

           

     Д202]. 

         

  - .       

       .   

   - .  

- .         nick,  

    .      

       I   

  ё  -  I,     

        

    .  ё  ,   

 -    Д201Ж.       
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  (BТШЭТЧ-НUTP)   (Biotin-

d TP).  

      -   

 ,   ё     

          

  .       

-            

 - .        

         

  Д185-188, 194].  -     

  -     

(ESBL/AmpC/carbapenemase DNA analysis, Alere Technologies, Jena, Germany) [204Ж.  

    (Check-Points ESBL/KPC, Verigene blood culture gram-

negative ),       3.3  ,    

   - . 

3.2.     « »   
 -  

 « »-        

      .     

   Dunn  Hassel  1977 .  , ,   

         , 

      « » .  ,  

 « »,         

 - .      17. 

 

 

. 17.  « »-   - . 
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« »-         

  Д205-209Ж,  Д210Ж,   Д211Ж   Д212, 213]. 

 « »        

     .  

    ,  Barken  ,   

  ё 4 « » .     

 « » ,     ,  

« » ,  .        

« »  « »   ,     , 

    « »  –  

. ,       

.  ,    « »    

         Д205].  

 2014  Ueno       « »  

  -    4 - ,   ligase-assisted 

sandwich hybridization (LASH)  Д214Ж.  « »     

 -  ё   (  22 ).      

« » -     . « » , 

  ,     , 

« »   ,    ,  

 3’  .      

,     .       

5’     3’ .   4 -   5’  

« »   3’  « » ,   5’  

« »   3’  .   ,  4 

-       50000 ,   

   30  –30  Д214].     

    , ,    -  

  ,        

 . Lizuka   ,   « » 

,    ,   

   Д215Ж.  « »     3 ,   

     -       

   (24 ). 
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         « » 

       [210Ж. ,  

   -  c « »  « » , 

   ,     

 « » .      

     ,    

« » ,   Д208, 210]. 

« »-       .   , 

     , 

    .   

    « »   .   

     Д216, 217],  [218, 219]    

 Д220-222Ж.  Liu   ,    « »-

     , , ,   

   Д223Ж.        

       Д218-222].  

 « »       

          

 Д205, 224Ж,  Д208, 210Ж,  Д218Ж  

 . 

Pioch        « » 

,      ,  ,   

« » .   ,    « » 

         

 Д209].  

   « »     Д224]. 

    -    . 

« »       - ,  

      « »    .   

       .  

        , 

         -

     - . , 
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,  ,       

. C       

       20  Д224]. 

3.3.     -   
   

 2010   Check-Points  -    Check-

Points ESBL/KPC (Check-Points, Wageningen, )    (TEM, SHV, 

CTX-M)    KPC [225].      

   (multiplex ligation detection reaction).    – 

  –  -      ; 

 –  –    -  ,  

    ZIP-  ( ,   

   - ).        

  - .        

,   .     -

        (35 ,   55◦C)  

    .   

      5’     Д225].  

   4     119   125.   

        (KPC),   

   - -      D.  2011 

      Check-MDR CT102 -  

(Check-Points Health B.V., Wageningen, ),      

(SHV, TEM, CTX-M)     (IMP, VIM, KPC, NDM, 

OXA-48) [226, 227Ж.    -  Check-MDR CT102  

 144     Д226, 227Ж. ,  , 

 100%         

           

,   Pseudomonas   .  

 -       Enterobacteriaceae, 

    - ,   

,    -23, -24  -58,   Д140]. 

       -48  KPC [228Ж.  
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  Check-MDR CT102, Check-MDR CT103     

 IMP, VIM, KPC, NDM, GIM, SPM, OXA-23, -24, -58, OXA-48, 

    AmpC    188   -

  (149 Enterobacteriaceae, 28 Pseudomonas spp., 8 Acinetobacter spp.  2 

Aeromonas spp.).          

 Д168].     Check-MDR CT103 XL (  

     blaBEL, blaPER, blaVEB   blaGES) 

   223    

.      - -   IMP (  6 

 10   ,        

 ) [229]. 

 2014       Verigene blood culture 

gram-negative  (BC-GN) (Nanosphere, Nortbrook, IL) [230Ж.    

      (Escherichia coli, 

Shigella spp., Klebsiella pneumoniae, Klebsiella oxytoca, Pseudomonas aeruginosa, 

Acinetobacter spp., Proteus spp., Citrobacter spp., Enterobacter spp.),  6  

 (KPC, NDM, VIM, IMP, OXA)     . 

       96,7%  100% 

.         

 Д146].  

 2012   Peter  -       

    KPC    [231Ж.   

    ,       

K. neumoniae.  2013  Dally    -    

   Acinetobacter baumannii [232Ж.     

 3       . -

   322 ,     . 

    1   58° ,     

 .      ,   

 - ,      . 
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      ,  

   -  ,     

         ,   

,         . 

      

,        

. -         

   (6-8   24-72      

).         

100%,            70-100%.  

       

   -    ,   

         

.     -       

     .   

   2009-2010 .          

   .  ,    

      ,  

   .      

        . 

         

         

    -    .  

           

      .  

       

,         

        

     A, B  D. 

   :  

        , 
        ; 
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  -     ( , SHV, CTX-M 

); 
     :    -

;  

         
     -   

  ( , SHV, CTX-M ). 
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 4.     

4.1.    

 

     : , Taq 

 ,     50-1031 . .,  I, dUTP-16-  ( - , 

); -  APA2G Fast  KAPA2G Fast HotStart (KAPA Biosystems, ), 

   ( ), Rz=3,0 ( , );   

(« », ), 3,3’,5,5’-  ( ),  1- -3-(3-

)  ( ), N-  (NHS), , , 

  , ,   ( r = 8000),  , 

  (“Sigma”, );  20 ("Ferak Berlin", );   

(SDS) (“Serva”, );  -100, ("Pharmacia",   ),  , 

    , ( )- , , 

 ( ),  ( ),   ( , 

),  p  30% ("Chemapol", );   p  

(“Lachema”, );   ( ),     

 (" " ),  (“ ”, ).  

  «BioTrace NT» ( ) («Pall Corporation», C ). 24- 

 384-    (Greiner bio-one, ).  

     -  

 ,   « » ,  ,  

   ( , ). 

 ,      -

  VIM-1, VIM-2, VIM-4, VIM-7, IMP-1, IMP-2, SPM-1, KPC-1, NDM-1, 

OXA-23, OXA-40, OXA-58, OXA-48, OXA-51     

 ,      

     ( . , )  

   . .   ( . , ).     

 21 (  8.3.  ).       

       «  » 
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(    (30 )  (30 ),  (30 ),  (30 

)  /   (20/10 )). 

 

      «Mettler Toledo» ( )  

  0,1 .     -  «Mettler Toledo» ( )  

  0,02 . .     miniSpin  5810R 

(“Eppendorf”, ).      

UV-1602 («Shimadzu», ).  

      Mastercycler gradient 

(«Eppendorf», ).         

     -   Bio-Rad 

( ).  

 -     XactIITM Microarray System 

(LabNEXT, )    300 .  

 -     Thermomixer omfort 

(«Eppendorf», ).  

 -        

Epson Perfection V750 pro   4800 dpi.    (  tiff 

)      Scan Array Express 

(PerkinElmer, version 3.0). 

4.2.   

4.2.1.    

  

        

         

 .         

 30% HCl, 30% KOH  30% NaOH.    

 : 

 0,1  - , =7,0; 

 0,01  - , 0,15  NaCl, =7,0 ( ); 

 0,01  - , 0,15  NaCl, 0,05%  20, =7,0 ( ); 

 0,1  NК- , =5,5; 
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 0,1  - , =4,7; 

 0,05  NК- , =8,6; 

 0,1  -HCХ, 0,15  NКCХ, 0,001 M MРCХ2, ЩH 9,0 ( ). 

 0,04  -HCl, 0,01 M MgSO4, 0,001  CХ2, =8,0; 

 0,01  -HCХ, 0,05  KCХ, 2,5   , ЩH=8,3; 

 0,01  -HCl, 0,001  , =7,5 ( - ); 

    : 160  Na2SO4, 130  Na2HPO4; 

 3,0  NaCl 0,2  NaH2PO4, 0,02  ,  =7,4 (20×SSPE). 

4.2.2.       

        [233]. 2     

300   ,  80  0,1 M  NaIO4   20 

      .    

    1  Na-  ,  4,5.    

    9,5  50  0,2   Na2CO3,    

 500    (2 / )  0,05  Na-  ,  9,5  

   2       . 

      100   NaBH4 (4 / )   

     20 .      

PBS     4° .    -    

Toyopearl HW-50 ("Toyo Soda", ).      

 ,     =403  ( = 102000 
-1 -1). 

4.2.3.   1- -3-(3- )  

       

      1- -3-(3-

)  ( ).     10    0,1 

  HCХ,       (10 / )     

  N-  NHS (2 / )   30   45°   

 .        

 1        . 
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4.2.4.     

        -   Lahey 

(ааа.ХКСОв.ШЫР/ЬЭЮНТОЬ/).      

           

GenBank.       

   Clustal W,    RСôЧО-Alpes Bioinformatics Center 

     (https://npsa-prabi.ibcp.fr/cgi-

bin/npsa_automat.pl?page=/NPSA/npsa_server.html). 

4.2.5.    

         

       

( )     InstaGene Matrix Kit (Bio-Rad, ). 

        

    - .    .  

     500  .   

   1   13400 g.  ,  100  

-       .    

 20   99 .      1   13400 

g.          (  2    

). 

4.2.6.         

       25   0,2  

 ,  10  - l (  8.3  25° ), 2,5   

, 50  KCl, 2,5 . Taq  , 100  dATP, dGTP, dCTP, dTTP,  0,4 

        -  (   

   7  6.1.  )  1    . 

   -    :  

   94˚  (2 ),  25   (20  –   94˚ , 30 

 –    65° , 1  –   72˚ ),     

72˚  (6 ).  

 -      1%-     

 - .         
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 1,6 / .    -    

 260 . 

4.2.7.         

     

        25   

0,2   ,  10  - l (  8.3  25° ), 2,5  

 , 50  KCl, 2,5 . Taq  , 100  dATP, dGTP, dCTP, 60  

dTTP, 40  dUTP-11- ,  0,4      (  

    7  6.1.  )  1    . 

   -   ,   . 4.2.6.  

4.2.8.       -   

      

     25 ,  5  5×KAPA2G 

 , 2 M  , -  APA2G Fast  KAPA2G Fast HotStart, 

100  dATP, dGTP, dCTP, dTTP,  0.4        

   -     , SHV  -   

(      7  8  6.1  6.3.  )  1  

  .     Mastercycler gradient 

(Eppendorf, )   :    94˚  (2 ), 20-

30   (10-20  –   94˚ , 20-30  –    65° , 

5  -1  –   72˚ ),     72˚  (2 -6 ). 

4.2.9.       -   

           

 

     25 ,  5  5×KAPA2G 

 , 2 M  , -  APA2G Fast  KAPA2G Fast HotStart, 

100  dATP, dGTP, dCTP, 60  dTTP, dUTP-11- ,  0.4     

      -     , 

SHV  -   (      7  8  6.1  6.3. 

 )  1    .    -

  ,   .4.2.8  . 
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4.2.10.         

 -  

 ,      ,  

,        

  (160  Na2SO4, 130  Na2HPO4)   20 /  (   

)  5 /  (    )      

,    300 ,    , 

  ;   –  3  .  

    60˚    30 .    

-           

(  – 2   10 )    25%    Na-  

  45˚    15 .       

     1%   1%   PBST   30   

37˚ . 

4.2.11.    -  (  ) 

           

  (2 SSPE, 0,2% SDS),  1,6 /   

,   (   ). -

     (300   1 )     

1.5   45˚      700 / .   

  – 2   10       

.  

4.2.12.    -   -  

    -     . 

         0,5  

,        99°    3,5    

     20 .        

(2 SSPE, 0,2% SDS, 12  MgCl2),  1,6 /   , 

  (   )   10 /   

 « »     /  . 

-      (300   1 )    

 1.5   45˚      700 / .  
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   – 2   10       

.  

4.2.13.    

         (1 

/ )  ,  1% ,   30   37˚ .   

 (2   -  10   1   – 5      

 ).         

    10    ,      

    .       Epson 

Perfection V750 pro   4800 dpi.   (  tiff , 16 bit) 

    Scan Array Express (PerkinElmer, version 3.0). 

4.2.14.      

     ё    18.  

 

. 18.      . 

         

     .    

        (  ).  

         

      3-     

  : � = ∑ �� − �ф��   , 
 Ii-    i-  , I i-   

  i-  , n-    (n=3,    

  3 ).  

      , 

    ,    

      .  
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      : ��ф = ��ф = ∑ ���∑ �ф��   , 
 Ii-    i-  , I i-   

  i-  , n-    (n=3,    

  3 ) 

 ,       , 

       . 

     ,    

        

.      ,   

 ,    19.  

  

. 19.        
  . 

       

      (1),     

    .    

     : � = �� к   , 
 I -         

 , I –       

     .  

4.2.15. ё        

        

    .     
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  ,      , 

       (  ),    

        :  

2

0

( )

( 1)
iI I

S
n





  (4) 

    : 

 = I0 + 3σ (5) 

         

  ( . .)        

  ,   ,  : 

0. . 100%
S

I
   (6), 

 S0 –     ,    (4), I  

–    ,    (1). 

 

 



 

 

 

69 

   

 5.      

   

5.1.       
 

   -   Lahey (www.lahey.org/studies/)   

   :   -24 , IMP  - 53 , VIM  - 46 

, NDM  - 16 , GIM  - 2 ,   - 498 ,   69  

,      SPM, SIM.  

  ,   , 

      (www.ebi.ac.uk/). 

       

  Clustal W,    Rhône-Alpes Bioinformatics Center 

     ( ) (https://npsa-prabi.ibcp.fr/cgi-

bin/npsa_automat.pl?page=/NPSA/npsa_server.html).     

         . 

       3.  

 3 

        

   
-  

  
 

  
 

 , 
% 

 KPC 24 98,5 

B 

VIM 46 65,7 

IMP 53 60,0 

NDM 16 98,4 

SPM 1 100,0 

SIM 1 99,9 

GIM 2 100,0 

D 
OXA 498 3,0 

OXA-  69 11,5 
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 -         

.      500 ё .    

      (3%).    10 

 .     -   . 

   69   ,  

 ,    11,5 %.   SIM, 

SPM  GIM      ,     

  100%.  

5.2.      

      ,  

    70%,     

. 

    

         

 (98,5%),           

. 

   B ( - -  ( )) 

      - -

       VIM  IMP.   VIM    

   65,7%   3  (VIM-1, VIM- 2  

VIM- 7),   IMP (   60%) – 5  (IMP-1, IMP-5, IMP-2, IMP-11, 

IMP-12). -      . 4, 5.   

NDM    98,4 %    .  

   D 

 -  OXA     15  , 

  .     

   .       

    6.  

   -      

 :  VIM, IMP, SPM, NDM, SIM, GIM (   B  

),  OXA-  -23, -40, -51, -58, -48 

(   D  )  -    (     

).          
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,     -  (   GenBank,  

- ,        )   

  1-3.  

 4 

   -  VIM  

  -  

VIM-1 
VIM-1, VIM-4, VIM-5, VIM- 12÷14, VIM-19, VIM- 25÷29, VIM-32÷35, 
VIM- 37÷39, VIM-42, VIM-43. 

VIM-2 
VIM-2, VIM-3, VIM-6, VIM-8, VIM-9 ÷11, VIM-15÷18, VIM-23, VIM-
24, VIM-30, VIM-31, VIM-36. 

VIM-7 VIM-7. 
 

 5 
   -  IMP  

  -  

IMP-1 
IMP-1, IMP-3, IMP-4, IMP-6, IMP-10, IMP-26, IMP-30, IMP-38, IMP-
40, IMP-42, IMP-52. 

IMP-2 
IMP-2, IMP-8, IMP-13, IMP-19, IMP-20, IMP-24, IMP-33, IMP-37, 
IMP-47. 

IMP-5 
IMP-5, IMP-7, IMP-9, IMP-15, IMP-25, IMP-28, IMP-29, IMP-43, 
IMP-45, IMP-51. 

IMP-11 IMP-11, IMP-16, IMP-21, IMP-22, IMP-41, IMP-44.  

IMP-12 
IMP-12, IMP-14, IMP-18, IMP-27, IMP-31, IMP-32, IMP-34, IMP-35, 
IMP-48, IMP-49. 

 

 6 
   -  OXA- ,    

 -  

OXA-23 
OXA-23, OXA-27, OXA-49, OXA-73, -102, -103, -105, 

-133, OXA-146, -165, -166, -167, -168, -
169, -170, -171, -225, -239. 

OXA-40 
OXA-24 (40), OXA-25, OXA-26, OXA-72, OXA-139, OXA-143, OXA-
160, OXA-182, OXA-207, OXA-231, OXA-253, OXA-255. 

-51 

-51, -64 -65, -66, -67, -68, -69, 
-70, -71, -75, -76, -77, -78, -79, 
-80, -82, -83, -84, -86, -87, -88, 
-89, -90, -92, -93, -94, -95, -98, 
-99, -104, -106, -107, -108, -109, -

110, -111, -112, -113, -115, -128, -130, 
-131, -132, -138, -144, -148, -149, -

150. 
-58 -58, -96, -97, -164. 

-48 
OXA-48, OXA-54, OXA-162, OXA-163, OXA-181, OXA-199, OXA-
204, OXA-232, OXA-244, OXA-245, OXA-247, OXA-370. 
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 6.     

   

          

    ,     

    .   ,  

  -  ,     

 ( ).         

  .       

         

8  (KPC, VIM, IMP, SPM, NDM, SIM, GIM  )        

     .      

         

 ,           

     . 

6.1.   

       

  - ,   - , -

-  ( )   OXA- .     

      .  

    ,    . 

    ,       

700          

    -    , 

  Д5Ж.      G/C    

,       

   35 – 70%.       

    ,      

.        7.  
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 7 

       
   

 
 

 , 5’→3’  
, 

 
. 

G
C

, %
 

 
., 

°
 

 
, 

 
.

. 

IMP 
 GAAGG(C/T)GTTTATGTTCATAC(T/A)TCG 24 41,7 63,0 

586 
 GTA(A/C)G(T/C)TTCAAGAG(T/C)GA(T/C)GC(G/A)TC 23 52,2 65,8 

VIM 
 GATGGTGTTTGGTCGCATATCGC 23 52,2 66,5 

505 
 CATTC(A/T)GCCAGATCGGCATCG 21 57,1 66,0 

SPM 
 CGTTTTGTTTGTTGCTCGTTGCG 23 47,8 66,6 

643 
 CACATTGGCATCTCCCAGATAACC 24 50 65,8 

SIM 
 GTTTGCGGAAGAAGCCCAGCCAG 23 60,9 70,1 

588 
 GTCTCCGATTTCACTGTGGCTTGGG 25 56,0 69,1 

GIM 
 CTTGTAGCGTTGCCAGCTTTAGCTCG 26 53,8 69,4 

614 
 CTGAACTTCCAACTTTGCCATGCCCC 26 53,8 70,0 

NDM 
 CTTCCTATCTCGACATGC 18 50 57,8 

503 
 CGTAGTGCTCAGTGTCG 17 58,8 60,1 

KPC 
 TTCTGCTGTCTTGTCTCTCATGG 23 47,8 64,9 

801 
 CCTCGCTGTGCTTGTCATCC 20 60,0 65,8 

OXA-23 
 GAAACCCCGAGTCAGATTGTTCAAG 25 48,0 66,0 

689 
 GGCATTTCTGACCGCATTTCC 21 52,4 65,1 

OXA-40 
 GTTTCTCTCAGTGCATGTTCATC 23 43,5 62,7 

713 
 CATTTCTAAGTTGAGCGAAAAGGGG 25 44,0 64,9 

OXA-51 
 CGAAGCACACACTACGGGTG 19 60,0 65,6 

648 
 CTCTTTTCGAACAGAGCTAGGTATTC 26 42,3 63,7 

OXA-58 
 CTTGTGCTGAGCATAGTATGAGTC 24 45,8 63,6 

684 
 CCACTTGCCCATCTGCCTTTTC 22 54,5 66,7 

OXA-48 
 GCGTGTATTAGCCTTATCGGC 21 52,4 63,8 

672 
 CCACACATTATCATCAAGTTCAACC 25 40,0 63,3 
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    KPC, SPM, SIM, GIM  NDM     

      ,   

 . - -  VIM  IMP      ( . 

 5.2.  ),      .   

     ,    . -  

   -  (     

   11,5 %),       

   ( -23, -40, -48, -51, -58). 

6.2.    

      ,   

 : - ,    ,  

,  Taq- ,  ,   

 Mg2+.        -

     30 .        

940 ,       (  ,    

).        

   .      72°  – 

,       

 - .         

  .      

  - ,       

   .        ,  

.  

6.2.1.    

        

 ( )   .     

       200  

[234Ж.         

  50  200 .       -

-  SPM-1     . 20.   

      .    

       100 , 
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           , 

  Д Ж=200 . 

 

. 20.        
   SPM-1. 

6.2.2.     

          

,     ,    

,       Taq 

.           0.5-

5.0 M.        .  

. 21     IMP-2     

.    Mg2+     

,      .    

   Mg2+ 2 M.       

   .  

6.2.3.     

         , 

         ,   

   .   ,   

,         

,    ,    ,    

.     - Tm    

  , , ,    .   
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       3-5  ,  

     .     

 

. 21.         IMP-
2.   100 . 

         22. 

     72      

.      (  60 º )  

    -       

.    550      

,    .     

        

     .      

,  ,       62-670 .  

-   -       

,    67-700       

 .         620 . 

6.3.          

   

         

        ,  

   , -   -   .
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. 22.        - -     
. 

 
 

  55OC  60 OC   62OC    65 OC    67OC     70OC 
  

  55OC       60 OC       62OC        65 OC    67OC     70OC 

VIM-1 

 

-23 

VIM-2 

 

-40 

 

IMP-1 

 

OXA-58 

IMP-2 

 

KPC 

 

VIM-7 

 

SPM-1 
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      620 ,   

 2     100 .  

      . 23. -   

  ,       

       (    ). 

 

. 23.        ,  
 - . 

         

  :  -        -  

   -   -   .      

      -   -  

   ,       .  

        

      -  KAPA2G Fast. 

    -   Taq , 

   ,     

    .   - ,  

      30-70%.    

  KAPA2G Fast       

   ,    ё     

.        

      12  .       

   -   ,   VIM-1, VIM-2, IMP-1  

IMP-2     ,  

   ( . 24).  
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. 24.          
  - -  ( )  . 

,          

   ,     

   -    ( ,   

         ). 

     1%  5%         

   .  

         

«  » (hot start),      

 « - »     .     

   .     

«  »    - :   

( ,    ) Д235Ж,    Д236Ж  

  Д237Ж,      

,  -  Д238Ж   Д239, 240].  

     «  »    

 KAPA2G Fast HotStart,    ,  -

.           30  

  950 .   25       

VIM  IMP   -  KAPA2G Fast  KAPA2G Fast HotStart. 

  «  »     

,   -    .  
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. 25.        
 «  » ( )     «  » 

( ). 
          

      

        -  

, SHV, CTX-M ,      Д241].   

         

  -         

 A, B,  D    .       

  18  .      -  

, SHV, CTX-M     8. 

     1%     . 26. 

     -      

       (   60  

/ ).        

  ,         

 .       

     10.4  . 
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 8 

     -   
, SHV, CTX-M      

 

. 26.       (IMP-1  OXA-
58),    -     (SHV-5  CTX-M-3)   

 .  

 

 

 
β-

 

 , 5’→3’ 

 , 
 

. 

G
C

, %
 

 
., 

°
 

 
, 

 
.

. 

TEM 
 ATGAGTATTCAACATTTCCGTGTC 24 37,5 63,0 851 

 TTAATCAGTGAGGCACCTATCTC 23 43,5 63,1 

SHV 
 TTATATTCGCCTGTGTATTATCTC 24 33,3 60,0 855 

 GTTAGCGTTGCCAGTGCTCG 20 60,0 67,2 

CTX-M-1 
 ATGGTTAAAAAATCACTGCGCCAG 24 41,7 66,0 869 

 CCGTCGGTGACGATTTTAGCCG 22 59,1 68,4 

CTX-M-2 
 ATGATGACTCAGAGCATTCGCC 22 50,0 66,1 869 

 CCGTGGGTTACGATTTTCGCCG 22 59,1 68,9 

CTX-M-8 
 ATGATGAGACATCGCGTTAAGC 22 45,5 64,5 869 

 CCGTCGGTGACGATTTTCGCG 21 61,9 68,4 

CTX-M-9 
 GGTGACAAAGAGAGTGCAACGG 22 54,5 66,8 868 

 CCCTTCGGCGATGATTCTCGC 21 61,9 68,5 
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6.4.         

     

           

   (dUTP),      

   .    

 dTTP    dUTP 3:2  Д193].   27  

   - -  ( )      KPC 

( )   dUTP- .  ,      -  

,       .   

       . 

) ) 

  

. 27.       ( )     ( ) 
      - .  

6.5.      

       -   

   .       

    .    

 ,       ,  

     .    ,   

      300   .  

      25 ,    -

     20 / .       

     ,     .  

         

-         : 

   94˚  (2 ), 20   (10  –   
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94̊ , 20  –    65° , 5  –   72˚ ),   

  72˚  (2 ).       

 40 . 

 ,          

        A, B  D 

      -       

   ,         

.      (KPC-3, VIM-1, VIM-2, VIM-4, VIM-7, 

IMP-1, IMP-2, SPM-1, NDM-1, OXA-23, OXA-40, -48, OXA-51, OXA-58, -1, SHV-5, 

CTX-M-3)    -      

40 – 80 / ,      . 

 ,  -       

           

      -  KAPA 2G Fast, 

     .   

     Taq -     

      :     

    –      .       

       .  

         

       - .  
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 7.     

    

         

      .  

        , 

       -    

 (        ).    

          

    . 

7.1.       
   

        

     (  ),   

   (  ).      

     (VIM, IMP, NDM, SPM, GIM, SIM, KPC, 

OБA),       .   

        

 .   -     

  ,    

   .   -   

   28.  

 
. 28.        

      VIM . 
       

,           

          

.       ,  
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   .   

  -      29.  

 
. 29.        

     VIM .  
        

  ,     : 

    17-27   

        -   5-10  
(      60-70 ) 

 GC-  35-70% 

      (« », ), 
     - ,    

  

      Oligo Analyzer 3.1, 

   Integrated DNA Technologies.  o o o   

   o     

   « o o o o » Д242Ж,     

Na+   .     :  

 NК+ 50 ,   0.25 , ,   

 ΔGh     « »  450  ( , 

    ). 

7.2.       

          

-    ,       

  .        

.     VIM- 1  

        (  0  24 

)    30.  
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. 30.       -   
       VIM-1. 

  ,        

 ,     13  

,         . 

7.3.       

   -      -    

  ,     .    

     2-4   , 

    .   9, 10  

      

        . 

        

     ,    

       .   

      . 31.    

       

 ,       

. -     -     

- ,         

.    -    

  .      

   -         

    Д241Ж.      
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   ,       

      .     

      ( ),     

     .  

 
. 31.      -   

 . 
 9 

      
   

   , 5’→3’ , 
 

 ., 
°  

  NH2-TTTTTTTTTTTTTTCTAGACAGCCACTCATA-Biotin 18 52 
.   NH2-TTTTTTTTTTTTTGATTGGACGAGTCAGGAGC 19 60 
.   NH2-TTTTTTTTTTTTTTCTAGACAGCCACTCATA 18 52 

   VIM И .  NH2-TTTTTTTTTTTTTGGAGATTGAAAAGCAAATTGGACT 24 67 
   VIM И .  NH2-TTTTTTTTTTTTTAGTCCAATTTGCTTTTCAATCTCC 24 67 
   IMPИ .  NH2-TTTTTTTTTTTTTGGAATAGAGTGGCTTAATTCTCG 23 65 
   IMPИ .  NH2-TTTTTTTTTTTTTCGAGAATTAAGCCACTCTATTCC 23 65 
   NDMИ .  NH2-TTTTTTTTTTTTTCCTGATCAAGGACAGCAAGG 20 67 
   NDMИ .  NH2-TTTTTTTTTTTTTCCTTGCTGTCCTTGATCAGG 20 67 
   SPMИ .  NH2-TTTTTTTTTTTTTGATGGGACCGTTGTCATTG 19 65 
   SPMИ .  NH2-TTTTTTTTTTTTTCAATGACAACGGTCCCATC 19 65 
   SIMИ .  NH2-TTTTTTTTTTTTTCCTTGGCAATCTAAGTGACGCAA 23 70 
   SIMИ .  NH2-TTTTTTTTTTTTTTTGCGTCACTTAGATTGCCAAGG 23 70 
   GIMИ .  NH2-TTTTTTTTTTTTTCACACTGGGAAATGGGCTTATA 22 67 
   GIMИ .  NH2-TTTTTTTTTTTTTTATAAGCCCATTTCCCAGTGTG 22 67 
   OXAИ .  NH2-TTTTTTTTTTTTTCCACAAGTGGGCTGGTTGAC 20 69 
   OXAИ .  NH2-TTTTTTTTTTTTTGTCAACCAGCCCACTTGTGG 20 67 
   KPCИ .  NH2-TTTTTTTTTTTTTGCTTCCCACTGTGCAGCTCATTC 23 68 
   KPCИ .  NH2-TTTTTTTTTTTTTGAATGAGCTGCACAGTGGGAAGC 23 68 
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 10 

       

  , 5’→3’ , 
 

 ., 
°  

  VIM-1_67 NH2-TTTTTTTTTTTTTTTAGCCCATTCCGGGGAGCC 20 68 
  VIM-1_568 NH2-TTTTTTTTTTTTTTCAGCGAACGTGCTATACGG 20 64 
  VIM-1_590 NH2-TTTTTTTTTTTTTGTTGTGCCGTTCATGAGTTGT 21 63 
  VIM-1_594 NH2-TTTTTTTTTTTTTGTGGTTGTGCCGTTCAT 17 60 
  VIM-2_67 NH2-TTTTTTTTTTTTTCTCGCTTTTTCCGTAGATTC 20 60 
  VIM-2_568 NH2-TTTTTTTTTTTTTTCTGCGAGTGTGCTCTATGG 20 64 
  VIM-2_590 NH2-TTTTTTTTTTTTTGTTGTGCGATTTATGAGTTGT 21 60 
  VIM-2_594 NH2-TTTTTTTTTTTTTGTGCGATTTATGAGTTG 17 60 
  VIM-7_130 NH2-TTTTTTTTTTTTTGTTCGGCTGTACAAGATTGGCG 22 67 
  VIM-7_184 NH2-TTTTTTTTTTTTTCTCGGTGACACGGTGTAC 18 66 
  IMP-1_135 NH2-TTTTTTTTTTTTTGTGGGGCGTTGTTCCTAAACATG 23 66 
  IMP-1_367 NH2-TTTTTTTTTTTTTCTGCTTAAAAAAGACGGTAAGGTTC 25 63 
  IMP-1_387 NH2-TTTTTTTTTTTTTGGTTCAAGCCACAAATTCATTTAGC 25 64 
  IMP-1_497 NH2-TTTTTTTTTTTTTGCCTGAAAGGAAAATATTATTCGGTG 27 64 
  IMP-2_206 NH2-TTTTTTTTTTTTTCCATTTACTGCTACAGATACTG 22 58 
  IMP-2_264 NH2-TTTTTTTTTTTTTTCAAAGGCACTATTTCCTCAC 21 60 

  IMP-2И264  NH2-TTTTTTTTTTTTTTCAAAGGCACTATTTCCTCACATTTC 26 64 
  IMP-2_297 NH2-TTTTTTTTTTTTTCAGCACAGGGGGAATAGAGTG 21 64 
  IMP-2_497 NH2-TTTTTTTTTTTTTTACCTGAAAAGAAAATTTTATTCGGTG 27 62 
  IMP-5_505 NH2-TTTTTTTTTTTTTAATAGAGTTTTGTTCGGTGGTT 22 65 
  IMP-5_378 NH2-TTTTTTTTTTTTTAGACGGTAAAGTACAAGCTAA 21 63 
  IMP-11_493 NH2-TTTTTTTTTTTTTGCTACCTAAAAATAAAATCTTATTTGG 27 65 
  IMP-11_550 NH2-TTTTTTTTTTTTTGGTAATCTAGATGACGCAAATGTTG 25 67 
  IMP-12_381 NH2-TTTTTTTTTTTTTGACAATAAGGTACAAGCTAAACAC TC 26 66 
  IMP-12_300 NH2-TTTTTTTTTTTTTACGGCTGGAATAGAGTGGCT 20 69 
  OБA-23_225 NH2-TTTTTTTTTTTTTAAATACAGAATATGTGCCAGCCTCT 25 69 
  OБA-23_321 NH2-TTTTTTTTTTTTTGAAGGGCGAGAAAAGGTCATTTAC 25 68 
  OБA-23_540 NH2-TTTTTTTTTTTTTGGTAGAGTTTGTTTCCCAATTAGCA 25 68 
  OБA-40_225 NH2-TTTTTTTTTTTTTAAATAAAGAATATGTCCCTGCATCA 25 66 
  OБA-40_328 NH2-TTTTTTTTTTTTTGAACTTATCCTATGTGGGAGAAAG 24 65 
  OБA-40_540 NH2-TTTTTTTTTTTTTACAAGAAGTTAATTTTGCCGATGA 23 60 
  OБA-51_147 NH2-TTTTTTTTTTTTTCGAAGTACACACTACGGGTGTTTTAG 26 69 
  OБA-51_408 NH2-TTTTTTTTTTTTTTTAGAATTGGCACGTCGTATTGGTC 25 68 
  OБA-51_540 NH2-TTTTTTTTTTTTTCAAGAGGCACAGTTTGCTTACAAG 24 69 
  OБA-48_524 NH2-TTTTTTTTTTTTTGCTGTATCACAATAAGTTACACGTATC 27 66 
  OБA-48_552 NH2-TTTTTTTTTTTTTGGAGCGCAGCCAGCGTATTG 20 72 
  OБA-58_206 NH2-TTTTTTTTTTTTTGCACGCATTTAGACCGAGC 19 68 
  OБA-58_408 NH2-TTTTTTTTTTTTTAGAATTGGCACGTCGTATTGGTC 23 69 
  OБA-58_540 NH2-TTTTTTTTTTTTTAGTAAAGTTTGTGTATGATTTAGCCCA 27 68 

      

        

      32.   
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       11000  21000 . . 

     1000 . .     

   ,     ,  

.  ,       

        . 

 

. 32.        
-   . 

      

      3-4  , 

      .   

     ,    

.        

   -    .  

     -     33  

  IMP  VIM. 

    VIM- 1  VIM- 2    

     ,      

        

    -    .    

  VIM- 1  VIM- 2     ,   

    (VIM И580  VIM- 594   

 VIM- 1 ( . . 33  )  VIM И568  VIM И580    VIM- 2 

( . . 33  )).  
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)   )   

)   )   

. 33.         -
       ) IMP-1, ) IMP-2, ) VIM- 1, ) VIM-
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    IMPИ2И206  IMPИ2И497,    

   ( . .34  . 11). 

 11 

  

 /  
  

  
    

 /   
 

  
 « »   

  IMP-1 

IMP_1_135 9,0 0 

IMP_1_367 10,9 2,2 

IMP_1_387 11,0 0,8 

IMP_1_497 10,4 0,5 

  IMP-2 

IMP_2_206 9,4 0,0 
IMP_2_297 6,3 0,1 
IMP_2_264 7,5 0,6 

IMP_2_264  10,0 2,3 
IMP_2_497 11,0 0,1 

       (   IMP-2, -23, 

-40, -51, -58).        34  

    IMP_2.     

 :    (IMP_2_264 ( )   33, 34) 

    30%,      

  .         , 

  IMPИ2И264      ,  

IMP_2_264 ( )       

 .  

        -   

        -23, -40, -51  -

58,     .     

         

(   )       . 

          

       ,   

  ,          
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      .   

,   - ,    12. 

 12 

      

  , 5’→3’ , 
. 

 ., 
°  

  VIM-1_590 NH2-TTTTTTTTTTTTTGTTGTGCCGTTCATGAGTTGT 21 63 
  VIM-1_594 NH2-TTTTTTTTTTTTTGTGGTTGTGCCGTTCAT 17 60 
  VIM-2_568 NH2-TTTTTTTTTTTTTTCTGCGAGTGTGCTCTATGG 20 64 
  VIM-2_590 NH2-TTTTTTTTTTTTTGTTGTGCGATTTATGAGTTGT 21 60 
  VIM-7_130 NH2-TTTTTTTTTTTTTGTTCGGCTGTACAAGATTGGCG 22 67 
  VIM-7_184 NH2-TTTTTTTTTTTTTCTCGGTGACACGGTGTAC 18 66 
  IMP-1_387 NH2-TTTTTTTTTTTTTGGTTCAAGCCACAAATTCATTTAGC 25 64 
  IMP-1_497 NH2-TTTTTTTTTTTTTGCCTGAAAGGAAAATATTATTCGGTG 27 64 
  IMP-2_206 NH2-TTTTTTTTTTTTTCCATTTACTGCTACAGATACTG 22 58 
  IMP-2_497 NH2-TTTTTTTTTTTTTTACCTGAAAAGAAAATTTTATTCGGTG 27 62 
  IMP-5_505 NH2-TTTTTTTTTTTTTAATAGAGTTTTGTTCGGTGGTT 22 65 
  IMP-5_378 NH2-TTTTTTTTTTTTTAGACGGTAAAGTACAAGCTAA 21 63 
  IMP-11_493 NH2-TTTTTTTTTTTTTGGCTACCTAAAAATAAAATCTTATTTGG 28 65 
  IMP-11_550 NH2-TTTTTTTTTTTTTGGTAATCTAGATGACGCAAATGTTG 25 67 
  IMP-12_381 NH2-TTTTTTTTTTTTTGACAATAAGGTACAAGCTAAACAC TC 26 66 
  IMP-12_300 NH2-TTTTTTTTTTTTTACGGCTGGAATAGAGTGGCT 20 69 
  OБA-23_321 NH2-TTTTTTTTTTTTTGAAGGGCGAGAAAAGGTCATTTAC 25 68 
  OБA-23_540 NH2-TTTTTTTTTTTTTGGTAGAGTTTGTTTCCCAATTAGCA 25 68 
  OБA-40_225 NH2-TTTTTTTTTTTTTAAATAAAGAATATGTCCCTGCATCA 25 66 
  OБA-40_540 NH2-TTTTTTTTTTTTTACAAGAAGTTAATTTTGCCGATGA 23 60 
  OБA-51_147 NH2-TTTTTTTTTTTTTCGAAGTACACACTACGGGTGTTTTAG 26 69 
  OБA-51_540 NH2-TTTTTTTTTTTTTCAAGAGGCACAGTTTGCTTACAAG 24 69 
  OXA-48_524 NH2-TTTTTTTTTTTTTGCTGTATCACAATAAGTTACACGTATC 27 66 
  OБA-48_552 NH2-TTTTTTTTTTTTTGGAGCGCAGCCAGCGTATTG 20 72 
  OБA-58_206 NH2-TTTTTTTTTTTTTGCACGCATTTAGACCGAGC 19 68 
  OБA-58_540 NH2-TTTTTTTTTTTTTAGTAAAGTTTGTGTATGATTTAGCCCA 27 68 

7.4.   « »  « » 
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VIM- 1_67 NH2-(T)13TTAGCCCATTCCGGGGAGCC 20 65,0 72,8 -2,91 -9,75 

VIM- 1_568 NH2-(T)13TCAGCGAACGTGCTATACGG 20 55,0 68,3 -2,95 -6,30 

VIM- 1_584 NH2-(T)13ACGGTGGTTGTGCCGTTCA 19 57,9 71,3 -3,17 -8,02 

VIM- 1_590 NH2-(T)13GTTGTGCCGTTCATGAGTTGT 21 47,6 67,9 0,02 -8,53 

VIM- 1_594 NH2-(T)13GTGGTTGTGCCGTTCAT 17 52,9 64,4 -0,59 -3,61 

VIM- 2_67 NH2-(T)13CTCGCTTTTTCCGTAGATTC 20 45,0 62,9 0,01 -3,61 

VIM- 2_568 NH2-(T)13TCTGCGAGTGTGCTCTATGG 20 55,0 67,9 -1,56 -3,61 

VIM- 2_584 NH2-(T)13ATGGTGGTTGTGCGATTTA 19 42,1 64,2 1,44 -3,61 

VIM- 2_590 NH2-(T)13GTTGTGCGATTTATGAGTTGT 21 38,1 63,7 0,49 -3,61 

VIM- 2_594 NH2-(T)13GTGCGATTTATGAGTTG 17 41,2 56,9 0,49 -3,61 

VIM- 7_130 NH2-(T)13GTTCGGCTGTACAAGATTGGCG 22 54,5 70,0 -0,89 -7,55 

VIM- 7_184 NH2-(T)13CTCGGTGACACGGTGTAC 18 61,1 65,8 -0,79 -4,64 

VIM- 7_568 NH2-(T)13GCCGTGCGCGTACTGTTTG 19 63,2 70,7 -1,08 -10,36 

IMP-1_135 NH2-(T)13GTGGGGCGTTGTTCCTAAACATG 23 52,2 70,2 -1,59 -5,38 

IMP-1_367 NH2-(T)13CTGCTTAAAAAAGACGGTAAGGTTC 25 40,0 66,8 -1,01 -4,85 

IMP-1_387 NH2-(T)13GGTTCAAGCCACAAATTCATTTAGC  25 40,0 67,8 -1,18 -5,36 

IMP-1_497 NH2-(T)13TGCCTGAAAGGAAAATATTATTCGGTG 27 37,0 68,5 -2,57 -7,80 

IMP-2_206 NH2-(T)13CCATTTACTGCTACAGATACTG 22 40,9 62,5 -1,63 -3,55 

IMP-2_264 NH2-(T)13TCAAAGGCACTATTTCCTCACATTTC 26 38,5 68,2 -0,74 -4,67 

IMP-2_297 NH2-(T)13CAGCACAGGGGGAATAGAGTG 21 57,1 68,4 -0,74 -3,30 

IMP-2_497 NH2-(T)13TACCTGAAAAGAAAATTTTATTCGGTG 27 29,6 65,7 -2,18 -13,14 

IMP-5_505 NH2-(T)13AATAGAGTTTTGTTCGGTGGTT 22 36,4 65,0 1,33 -3,61 

IMP-5_378 NH2-(T)13AGACGGTAAAGTACAAGCTAA 21 38,1 63,2 -0,75 -6,34 

IMP-11_493 NH2-(T)13GGCTACCTAAAAATAAAATCTTATTTGG 28 28,6 64,5 -2,82 -8,27 

IMP-11_550 NH2-(T)13GGTAATCTAGATGACGCAAATGTTG 25 40,0 66,5 -0,30 -10,26 

IMP-12_381 NH2-(T)13GACAATAAGGTACAAGCTAAACAC TC 26 38,5 66,2 0,30 -6,24 

IMP-12_300 NH2-(T)13ACGGCTGGAATAGAGTGGCT 20 55,0 69,7 -0,52 -3,60 

OXA-23_225 NH2-(T)13AAATACAGAATATGTGCCAGCCTCT 25 40,0 68,8 -1,90 -3,91 

OXA-23_321 NH2-(T)13GAAGGGCGAGAAAAGGTCATTTAC 24 45,8 68,0 -0,48 -3,89 

OXA-23_540 NH2-(T)13GGTAGAGTTTGTTTCCCAATTAGCA 25 40,0 67,8 -0,13 -5,36 

OXA-40_225 NH2-(T)13AAATAAAGAATATGTCCCTGCATCA 25 32,0 65,6 -0,77 -7,05 

OXA-40_540 NH2-(T)13ACAAGAAGTTAATTTTGCCGATGA 24 33,3 66,2 -0,45 -5,36 

OXA-48_524 NH2-(T)13GCTGTATCACAATAAGTTACACGTATC 27 37,0 66,3 -0,19 -6,30 

OXA-48_552 NH2-(T)13GGAGCGCAGCCAGCGTATTG 20 65,0 72,2 -3,93 -9,89 

OXA-51_147 NH2-(T)13CGAAGTACACACTACGGGTGTTTTAG 26 46,9 69,2 -2,95 -4,64 

OXA-51_408 NH2-(T)13CAAGATTTAGCTCGTCGTATTGGAC 25 44,0 67,7 -0,56 -6,34 

OXA-51_540 NH2-(T)13CAAGAGGCACAGTTTGCTTACAAG 24 45,8 68,6 -2,41 -5,09 

OXA-51_587 NH2-(T)13GCCCAAAAGTCCAAGATGAAG 21 47,6 65,8 0,34 -3,14 

OXA-58_206 NH2-(T)13GCACGCATTTAGACCGAGC 19 57,9 67,7 -0,90 -3,61 

OXA-58_408 NH2-(T)13AGAATTGGCACGTCGTATTGGTC 23 47,8 69,4 0,59 -6,30 

OXA-58_540 NH2-(T)13AGTAAAGTTTGTGTATGATTTAGCCCA 27 33,3 67,8 0,20 -4,85 
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Det_VIM_233 GCTGTATCAATCAAAAGCAACTCATCTTTTT-Bt 26 38,5 63,8 -1,08 -4,74 
Det_VIM_384 GGCTGGGGTGGCAACGTACTTTTT-Bt 18 66,7 65,9 -1,64 -6,30 
Det_VIM_519 CTATCCTGGTGCTGCGCATTCTTTTT-Bt 21 57,1 65,2 -0,7 -13,80 
Det_VIM_603 TGAGTTGTCAAGCACGTCTGCGTTTTT-Bt 22 54,5 67,2 -1,71 -6,30 
VIM_2_b_594 GTGCGATTTATGAGTTGTCTTTTT-Bt 19 42,1 55,9 0,49 -3,61 
Det_VIM_240_rev CCACGCTGTATCAATCAAAAGTTTTT-Bt 21 42,9 63,9 0,30 -3,61 
Det_IMP_332Bt CTATCCCCACGTATGCATCTGAATTAACTTTTT-Bt 28 42,9 66,1 0,34 -10,00 
Det_IMP_477Bt AGATAACGTAGTGGTTTGGTTGCCTGTTTTT-Bt 26 46,2 67,4 -0,97 -6,30 
Det_IMP_524Bt GGTTGTTTTGTTAAACCGTACGGTCTTTTTT-Bt 26 42,3 66,4 -1,90 -19,69 
Det_IMP_190_rev GCCGTAAATGGAGTGTCAATTAGTTTTTT-Bt 23 43,5 65,9 0,24 -5,36 
IMP_2_445Bt GTCTTGGTAATTTGGGTGACGCAAATTTAGTTTTT-Bt 30 40,0 67,9 -3,87 -9,26 
Det_SPM_371 GACGTGGTCGAGCGATCTGACTTTTT-Bt 21 61,9 66,2 -2,10 -6,76 
Det_OXA_23_238 ACATTTAAAATGTTGAATGCCCTGATCTTTTT-Bt 27 33,3 64,2 -2,37 -8,74 
Det_OXA_23_249 GTTGAATGCCCTGATCGGATTGTTTTT-Bt 22 50,0 63,7 -0,97 -4,62 
Det_OXA-23_568 CATACACAGCTTCCATTTAGTGATTTTT-Bt 23 39,1 60,9 -1,91 -6,34 
Det_OXA-40_555 CCTTGCACATAACCGATTACCTTTTTT-Bt 22 45,5 62,5 0,39 -7,05 
Det_OXA-51_598 TGCAATCCATGTTATTCATAGAAGCTTTTT-Bt 25 36,0 62,5 -1,55 -7,05 
Det_OXA-58_589 CTGAAGTTCAGCAACAAGTGAAAGAGTTTTT-Bt 26 42,3 65,0 -1,18 -7,07 

*   ΔG  –       ( / ) 
** ΔG  –       ( / ) 
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        VIM 

 18 

     ,    
 

    
  

,  
 

vim_dir_17 vim_rev_723 731 

vim_dir_17 vim_rev 639 

vim_dir vim_rev_723 598 

vim_dir vim_rev 506 

vim_dir_493 vim_rev_723 255 

vim_dir_493 vim_rev 163 

vim_dir_520 vim_rev_723 228 

vim_dir_520 vim_rev_n 136 

 ,       .  

   ,    ,   

      .   « » 

 ,         

        

 .  
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 , 
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vim_dir_17  GTAGTTTATTGGTCTACATGACCGC 25 44,0 63,5 -3,32 

vim_dir  GATGGTGTTTGGTCGCATATCGC 23 52,2 66,5 -0,65 

vim_dir_493  GTGCGCTTCGGTCCAGTAGA 20 60,0 66,1 -0,18 

vim_dir_520  CTATCCTGGTGCTGCGCATTCG 22 59,1 67,3 -0,54 

vim_rev  CATTC(A/T)GCCAGATCGGCATCG 21 57,1 66,0 -3,37 

vim_rev_739  GACTTGCTC(C/A)AGCACACA(G/A)C
G 

21 61,9 67,6 -1,73 
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KPC_218 NH2-TTTTTTTTTTTTTCGTGACGGAAAGCTTACAAAAACTG 25 44,0 69,0 0,16 -10,23 

KPC_610 NH2-TTTTTTTTTTTTTCAGCAGTTTGTTGATTGGCTAAAG 24 41,7 67,3 -0,96 -4,74 

Det_KPC GGAAACACGACCGGCAACCTTTTT-Bt 19 63,2 70,1 0,93 -9,75 

NDM_412 NH2-TTTTTTTTTTTTTGCGACTTATGCCAATGCGTTG 20 55,0 66,7 -1,72 -8,53 

NDM_625 NH2-TTTTTTTTTTTTTCCTGATCAAGGACAGCAAGG 21 52,4 68,9 -1,03 -3,9 

Det_NDM CCAAGTCGCTCGGCAATCTCTTTTT-Bt 20 60,0 69,4 -0,4 -3,61 

SPM_322 NH2-TTTTTTTTTTTTTCCATCCTGTTCCAGCGGATAATG 23 52,2 69,3 -1,54 -6,12 

SPM_519 NH2-TTTTTTTTTTTTTGAAACAAGGCAAGGTCTTCTCG 22 50,0 67,7 -0,25 -3,61 

Det_SPM GAGCTGGTTGAGGTTTCATTTCCAGTTTTT-Bt 25 48,0 70,0 -3,03 -6,62 

SIM_314 NH2-TTTTTTTTTTTTTGTGGCTTAATACAAAGTCCATCCC 24 45,8 67,7 -1,40 -5,02 

SIM_462 NH2-TTTTTTTTTTTTTCCCAGGACACACTCAAGATAACG 23 52,2 68,7 -0,05 -3,61 

Det_SIM GCCTTGGCAATCTAAGTGACGCTTTTT-Bt 22 54,5 70,1 -1,99 -6,21 

GIM NH2-TTTTTTTTTTTTTGCTCTACTATCCAGGTGCTGG 21 57,1 67,9 -2,20 -6,46 

GIM_521 NH2-TTTTTTTTTTTTTCTGCCTCGTGAGGAGTCAT 19 57,9 67,5 -2,00 -6,24 

Det_GIM GAGTGGGAAGGCTTAGGTTACGTTTTT-Bt 22 54,5 68,4 0,75 -3,61 

OXA-48_524 NH2TTTTTTTTTTTTTGCTGTATCACAATAAGTTACACGTATC 27 37,0 66,3 -0,19 -6,30 

OXA-48_552 NH2-TTTTTTTTTTTTTGGAGCGCAGCCAGCGTATTG 20 65,0 72,2 -3,93 -9,89 

Det_OXA-48 GGAGCGCAGCCAGCGTATTGTTTTT-Bt 20 65,0 67,6 -3,93 -9,89 

*   ΔG  –       ( / ) 
** ΔG  –       ( / ) 
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KPC-9 FJ624872 Escherichia coli  AAC 56:6057-6059, 2012 
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KPC-11 HM066995 Klebsiella pneumoniae  J. Clin. Microbiol. 50:1632-
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KPC-15 KC433553 Klebsiella pneumoniae  Ann. Clin. Microbiol. 
Antimicrob.: 1230, 2013 
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VIM-1 Y18050 Pseudomonas aeruginosa  AAC 43:1584-1590, 1999 

VIM-4 AY135661 Pseudomonas aeruginosa  AAC 46:4026-4028, 2002 

VIM-5 AY144612 Klebsiella pneumoniae  JAC 54:282-283, 2004 

VIM-12 DQ143913 Klebsiella pneumoniae  AAC 49:5153-5156, 2005 

VIM-13 DQ365886 Pseudomonas aeruginosa  AAC 52:3589-3596, 2008 

VIM-14 AY635904 Pseudomonas aeruginosa  
Clin. Microbiol. and Infect. 
17: 722-724, 2011 

VIM-19 FJ822963 Klebsiella pneumoniae 
 

 1 
( ) 

AAC 54:471-476, 2010 

VIM-25 HM750249 Proteus mirabilis  Unpublished 

VIM-26 FR748153 Klebsiella pneumoniae 
 

 1 
( ) 

Clin. Microbiol. Infect. 
17:1811-1816, 2011 

VIM-27 HQ858608 Klebsiella pneumoniae  AAC 55:3570-3572 2011 

VIM-28 JF900599 Pseudomonas aeruginosa 
 

 1 
( ) 

J Infect Dis. 67:382-384, 
2014 

VIM-29 JX311308 Escherichia coli  Unpublished 

VIM-32 JN676230 Klebsiella oxytoca  Unpublished 

VIM-33 JN676230 Klebsiella pneumoniae  AAC 57:130-136, 2013 

VIM-34 JX013656 Klebsiella pneumoniae 
 

 1 
( ) 

AAC 69:274-275, 2014 

VIM-35 JX982634 Klebsiella oxytoca 
 

 1 
( ) 

AAC 58:7358-7366, 2014 

VIM-37 JX982636 Pseudomonas aeruginosa  JAC 69:1804-1814, 2014 

VIM-38 KC469971 Pseudomonas aeruginosa  
Microbiol. Infect. Dis. 
78:292-294, 2014 

VIM-39 KF131539 Klebsiella pneumoniae  AAC :(2015) In press 

VIM-42 KP071470 Klebsiella pneumoniae  Unpublished 

VIM-43 KP096412 Pseudomonas aeruginosa   



 

 

 VIM-2 (16 ) 

VIM-2 AF191564 Pseudomonas aeruginosa  AAC 44:891-897, 2000 

VIM-3 AF300454 Pseudomonas aeruginosa  AAC 45:2224-2228, 2001 

VIM-6 AY165025 Pseudomonas putida  AAC 48:2334-2336, 2004 

VIM-8 AY524987 Pseudomonas aeruginosa  
J. Clin. Microbiol. 42: 5094-
5101, 2004 

VIM-9 AY524988 Pseudomonas aeruginosa   

VIM-10 AY524989 Pseudomonas aeruginosa   

VIM-11 AY605049 Pseudomonas aeruginosa 
 

 1 
AAC 49:474-475, 2005 

VIM-15 EU419745 Pseudomonas aeruginosa 
 

 1 
( ) 

AAC 52:2977-2979, 2008 

VIM-16 EU419746 Pseudomonas aeruginosa 
 

 1 
( ) 

AAC 52:2977-2979, 2008 

VIM-17 EU118148 Pseudomonas aeruginosa 
 

 1 
( ) 

AAC 53:1325-1330, 2009 

VIM-18 AM778091 Pseudomonas aeruginosa 
 

 1 
AAC 53:1225-1227, 2009 

VIM-23 GQ242167 Enterobacter cloacae 
 

 1 
( ) 

JAC 66:684-685, 2011 

VIM-24 HM855205 Klebsiella pneumoniae 
 

 1 
( ) 

AAC 55:2428-2430, 2011 

VIM-30 JN129451 Pseudomonas aeruginosa   

VIM-31 JN982330 Enterobacter cloacae  AAC 56:3283-3287, 2012 

VIM-36 JX982634 Pseudomonas aeruginosa  JAC 69:1804-1814, 2014 

 VIM-7 (1 ) 

VIM-7 AJ536835 Pseudomonas aeruginosa  AAC 48:329-332, 2004 

 IMP 

 β-
 

I P 

  
GenBank 

  
 

 
 

 IMP-1 (11 ) 

IMP-1 S71932 Serratia marcescens  AAC 38:71-78, 1994 

IMP-3 AB010417 Shigella flexneri  AAC 44:2023-2027, 2000 

IMP-4 AF244145 Acinetobacter baumannii  AAC 45:710-714, 2001 

IMP-6 AB040994 Serratia marcescens  AAC 45:1343-1348, 2001 



 

 

IMP-10 AB074433 Pseudomonas aeruginosa  AAC 46:2014-2016, 2002 

IMP-26 EU541448 Pseudomonas aeruginosa  
J. Clin. Microbiol. 48:2563-4, 
2010 

IMP-30 DQ522237 Pseudomonas aeruginosa  AAC 57:5122-5125, 2013 

IMP-38 HQ875573 Klebsiella pneumoniae  
J Infect Dev Ctries. 8:1044-8, 
2014 

IMP-40 AB753457 Pseudomonas aeruginosa  AAC 59:7299-7307, 2015 

IMP-42 AB753456 Acinetobacter soli  
J Clin Microbiol. 51:1762-8, 
2013 

IMP-52 LC055762 Escherichia coli   

 IMP-2 (9 ) 

IMP-2 AJ243491 Acinetobacter baumannii  AAC 44:1229-1235, 2000 

IMP-8 AF322577 Klebsiella pneumoniae  AAC 45:2368-2371, 2001 

IMP-13 AJ550807 Pseudomonas aeruginosa  JAC 52:583, 2003 

IMP-19 EF118171   AAC 51:4486-4488, 2007 

IMP-20 AB196988    

IMP-24 EF192154   
Int. J. Antimicrob. Agents 
32:475-480, 2008. 

IMP-33 JN848782 Pseudomonas aeruginosa  AAC 57:6401-6403, 2013 

IMP-37 JX131372 Pseudomonas aeruginosa  
Int. J. Antimicrob. Agents 
40:571-573, 2012 
 IMP-47 KP050486 Serratia marcescens   

 IMP-5 (10 ) 

IMP-5 AF290912   
FEMS Microbiol. Lett. 
215:33-39, 2002 

IMP-7 AF318077   AAC 46:255-258, 2002 

IMP-9 KC543497   AAC 50:355-358, 2006 

IMP-15 AY553333   AAC 52:2289-2290, 2008 

IMP-25 EU541448   AAC 56:6403-6406, 2012 

IMP-28 JQ407409 Klebsiella oxytoca  AAC 56:4540-4543, 2012 

IMP-29 HQ438058 Pseudomonas aeruginosa  AAC 56:2187-2190, 2012 

IMP-43 AB777500 Pseudomonas aeruginosa  AAC 57:4427-4432, 2013 

IMP-45 KJ510410 Pseudomonas aeruginosa  JAC 69:2579-2581, 2014 

IMP-51 LC031883 Pseudomonas aeruginosa   

 IMP-11 (6 ) 

IMP-11 AB074436    



 

 

IMP-16 AJ584652   AAC 48:4693, 2004 

IMP-21 AB204557    

IMP-22 DQ361087   JAC 63:901-908, 2009 

IMP-41 AB753458 Pseudomonas aeruginosa  AAC 59:7299-7307, 2015 

IMP-44 AB777501 Pseudomonas aeruginosa  AAC 57: 4427-4432, 2013 

 IMP-12 (10 ) 

IMP-12 AJ420864   AAC 47:1522-1528, 2003 

IMP-14 AY553332    

IMP-18 AY780674   AAC 50:2272-2273, 2006 

IMP-27 JF894248 Proteus mirabilis  AAC 60:6418-6421, 2016 

IMP-31 KF148593 Pseudomonas aeruginosa  JAC 70:1973-1980, 2015 

IMP-32 JQ002629 Klebsiella pneumoniae   

IMP-34 AB715422 Klebsiella oxytoca  
Diagn Microbiol Infect Dis 
76:119-21, 2013 

IMP-35 JF816544 Pseudomonas aeruginosa  JAC 68:1271-1276, 2013 

IMP-48 KM087857 Pseudomonas aeruginosa  AAC 60:1067-1078, 2016 

IMP-49 KP681694 Pseudomonas aeruginosa  AAC 60:1067-1078, 2016 

 NDM 

C  β-
 

NDM 

  
GenBank 

  
 

 
 

NDM-1 FN396876 Klebsiella pneumoniae  AAC 53:5046-5054, 2009 

NDM-2 JF703135 Acinetobacter baumannii  JAC 66:260-1262, 2011 

NDM-3 JQ734687 Escherichia coli  Microb. Drug Resist. 19:100-
103, 2013 

NDM-4 JQ348841 Escherichia coli  AAC 56:2184-2186, 2012. 

NDM-5 JN104597 Escherichia coli  AAC 55:5952-5954, 2011. 

NDM-6 JN967644    

NDM-7 JX262694    

NDM-8 AB744718 Escherichia coli  AAC 57:2394-6, 2013. 

NDM-9 KC999080 Klebsiella pneumoniae  Int. J. Antimicrob. Agents. 
44:90-91, 2014 

NDM-10 KF361506 Klebsiella pneumoniae   

NDM-11 KP265939 Escherichia coli   



 

 

NDM-12 AB926431 Escherichia coli  AAC 58:6302-6305, 2014 

NDM-13 LC012596 Escherichia coli   

NDM-14 KM210087    

NDM-15 KP735848 Escherichia coli   

NDM-16 KP862821 Klebsiella pneumoniae  AAC 60:1067-1078, 2016 

 

 3.    D 

C  β-
 

OXA 

  
GenBank 

  
  

 

 OXA-23 (17 ) 

OXA-23 AJ132105 Acinetobacter baumannii 
 

 AAC 44:196, 2000 

OXA-27 AF201828 Acinetobacter baumannii  AAC 45:583, 2001 

OXA-49 AY288523 Acinetobacter baumannii  J. Clin. Microbiol. 43:4885-
4888, 2005 

OXA-102    AAC 52:1252-1256, 2008 

OXA-103    AAC 52:1252-1256, 2008 

OXA-105    AAC 52:1252-1256, 2008 

OXA-133 EU571228 
Acinetobacter 
radioresistens - AAC 53:843-844, 2009 

OXA-146 FJ194494 Acinetobacter baumannii - AAC 57:848-4855, 2013 

OXA-165 HM488986 Acinetobacter baumannii   

OXA-166 HM488987 Acinetobacter baumannii   

OXA-167 HM488988 Acinetobacter baumannii   

OXA-168 HM488989 Acinetobacter baumannii   

OXA-169 HM488990 Acinetobacter baumannii   

OXA-170 HM488991 Acinetobacter baumannii   

OXA-171 HM488992 Acinetobacter baumannii   

OXA-225 JN638887 Acinetobacter baumannii - J Clin MicrobiolJun. 50:1900-
4, 2012 

OXA-239 JQ837239 Acinetobacter spp.  - New Microbes New Infect 
2:173-174, 2014 

 -40 (12 ) 

-40 AF509241 Acinetobacter baumannii  
J. Clin. Micro. 40:4741-4743, 
2002 

OXA-25 AF201826 Acinetobacter baumannii  AAC 45:583, 2001 

OXA-26 AF201827 Acinetobacter baumannii  AAC 45:583, 2001 



 

 

OXA-72 EF534256 Acinetobacter baumannii - AAC 51:4022-4028, 2007 

OXA-139 AM991978 Acinetobacter baumannii -  

OXA-143 GQ861437 Acinetobacter baumannii  AAC 53:5035-5038, 2009 

OXA-160 GU199038 Acinetobacter baumannii - AAC 55:429-432, 2011 

OXA-182 HM640278 Acinetobacter baumannii  
Diagn. Microbiol. Infect. Dis. 
68(4): 432-438 2010 

OXA-207 JQ838185 Acinetobacter pittii - AAC 58:4944-4948, 2014 

OXA-231 JQ326200 Acinetobacter baumannii  JAC 67:2531-2, 2012 

OXA-253 KC479324 Acinetobacter baumannii - AAC 58:2704-3708, 2014 

OXA-255 KC479325 Acinetobacter pittii - AAC 58:2704-3708, 2014 

 OXA-48 (12 ) 

OXA-48 AY236073  Klebsiella pneumoniae  AAC 48:15, 2004 

OXA-54 AY500137 Shewanella oneidensis  AAC 48:348, 2004 

OXA-162 HM015773 Klebsiella pneumoniae  AAC 56:2125-2128, 2012 

OXA-163 HQ700343 Enterobacter cloacae  AAC 55:2546-2551, 2011 

OXA-181 JN205800 Klebsiella pneumoniae  AAC 55:4896-4899, 2011 

OXA-199 JN704570  Shewanella xiamenensis  PLoS ONE 7:E48280, 2012 

OXA-204 JQ809466 Klebsiella pneumoniae  AAC 57:633-636, 2013 

OXA-232 JX423831 Escherichia coli  Int J Antimicrob Agents 41: 
325-329, 2013 

OXA-244 JX438000 Klebsiella pneumoniae  JAC 68:317-321, 2013 

OXA-245 JX438001 Klebsiella pneumoniae  JAC 68:317-321, 2013 

OXA-247 JX893517 Klebsiella pneumoniae 
 Clin. Microbiol. Infect. 

19:E233-E235, 2013 

OXA-370 KF900153 Enterobacter spp. - AAC 58:3566-67, 2014 

 OXA-58 (4 )  
OXA-58 AY665723 Acinetobacter baumannii  AAC 49:202, 2005 

OXA-96 DQ519090 Acinetobacter baumannii  JAC 59: 627-632, 2007 

OXA-97 EF102240 Acinetobacter baumannii  AAC 52:1613-1617, 2008 

OXA-164 GU831575 Acinetobacter baumannii  AAC 54:5021-5027, 2010 

 -51 (48 ) 

-51 AJ309734 Acinetobacter baumannii  
Clin. Microbiol. Infect. 11:15-
23, 2005 

-64 AY750907 Acinetobacter baumannii  
Clin. Microbiol. Infect. 
11:326, 2005 

-65 AY750908 Acinetobacter baumannii  
Clin. Microbiol. Infect. 
11:326, 2005 



 

 

-66 AY750909 Acinetobacter baumannii  
Clin. Microbiol. Infect. 
11:326, 2005 

-67 DQ491200 Acinetobacter baumannii  
Clin. Microbiol. Infect. 11:15-
23, 2005 

-68 AY750910 Acinetobacter baumannii  
Clin. Microbiol. Infect. 
11:326, 2005 

-69 AY750911 Acinetobacter baumannii  
Clin. Microbiol. Infect. 
11:326, 2005 

-70 AY750912 Acinetobacter baumannii  
Clin. Microbiol. Infect. 
11:326, 2005 

-71 AY750913 Acinetobacter baumannii  
Clin. Microbiol. Infect. 
11:326, 2005 

-75 AY859529 Acinetobacter baumannii  AAC 49:4174, 2005 

-76 AY949203 Acinetobacter baumannii  AAC 49:4174, 2005 

-77 AY949202 Acinetobacter baumannii  AAC 49:4174, 2005 

-78 AY862132 Acinetobacter baumannii   

-79 EU019534 Acinetobacter baumannii  
Clin. Microbiol. Infect. 
13:1137-1138, 2007 

-80 EU019535 Acinetobacter baumannii  
Clin. Microbiol. Infect. 
13:1137-1138, 2007 

-82 EU019536 Acinetobacter baumannii  
Clin. Microbiol. Infect. 
13:1137-1138, 2007 

-83 DQ309277 Acinetobacter baumannii  
FEMS Microbiol. Lett. 258:72, 
2006 

-84 DQ309276 Acinetobacter baumannii  
FEMS Microbiol. Lett. 258:72, 
2006 

-86 DQ149247 Acinetobacter baumannii  JAC 58:537-542, 2006. 

-87 DQ348075 Acinetobacter baumannii  JAC 58:537-542, 2006. 

-88 DQ392963 Acinetobacter baumannii  JAC 59:627-632, 2007 

-89 DQ445683 Acinetobacter baumannii  
Int. J. Antimicrob Agents 
28:110, 2006 

-90 AM231719 Acinetobacter baumannii  
J. Chemotherapy 21:290-295, 
2009 

-92 DQ335566 Acinetobacter baumannii  
Clin. Microbiol. Infect. 
13:348-349, 2007 

-93 DQ519087 Acinetobacter baumannii  JAC 59:627-632, 2007 

-94 DQ519088 Acinetobacter baumannii  JAC 59:627-632, 2007 

-95 DQ519089 Acinetobacter baumannii  JAC 59:627-632, 2007 

-98 AM279652 Acinetobacter baumannii   

-99 DQ888718 Acinetobacter baumannii  
Int. J. Antimicrob. Agents 
34:285-286, 2009 

-104 EF581285 Acinetobacter baumannii  
Clin. Microbiol. Infect. 
13:1137-1138, 2007 

-106 EF650032 Acinetobacter baumannii  
Clin. Microbiol. Infect. 
13:1137-1138, 2007 

-107 EF650033 Acinetobacter baumannii  Clin. Microbiol. Infect. 



 

 

13:1137-1138, 2007 

-108 EF650034 Acinetobacter baumannii  
Clin. Microbiol. Infect. 
13:1137-1138, 2007 

-109 EF650035 Acinetobacter baumannii  
Clin. Microbiol. Infect. 
13:1137-1138, 2007 

-110 EF650036 Acinetobacter baumannii  
Clin. Microbiol. Infect. 
13:1137-1138, 2007 

-111 EF650037 Acinetobacter baumannii  
Clin. Microbiol. Infect. 
13:1137-1138, 2007 

-112 EF650038 Acinetobacter baumannii  
Clin. Microbiol. Infect. 
13:1137-1138, 2007 

-113 EF653400 Acinetobacter baumannii  JAC 60:1174-1176, 2007 

-115 EU029998 Acinetobacter baumannii  
Int J Antimicrob Agents. 
33:520-4, 2009 

-128 EU375515 Acinetobacter baumannii  JAC 63:828-830, 2009 

-130 EU547445 Acinetobacter baumannii  
J. Chemother. 21:290-295, 
2009 

-131 EU547446 Acinetobacter baumannii  
J. Chemother. 21:290-295, 
2009 

-132 EU547447 Acinetobacter baumannii  
J. Chemother. 21:290-295, 
2009 

-138 EU670845 
Acinetobacter 
nosocomialis 

 AAC 54:4575-4581, 2010 

-144 FJ872530 Acinetobacter baumannii   

-148 GQ853679 Acinetobacter baumannii  
Int. J. Antimicrob. Agents 
38(4): 314-318, 2011 

-149 GQ853680 Acinetobacter baumannii  
Int. J. Antimicrob. Agents 
38:314-318, 2011 

-150 GQ853681 Acinetobacter baumannii  
Int. J. Antimicrob. Agents 
38:314-318, 2011 



 

 

 4.   ,        
  

Муз
й

ый 
№ 

М кр рга  VIM NDM OXA TEM SHV CTX-M Выв  

1609 Pseudomonas aeruginosa - - - - - - 

14 ц : 
ы 

 
   

ы, 5 
ц : 

ц ы 
Е -1  SHV-1 

1610 Pseudomonas aeruginosa - - - - - - 

1765 Acenetobacter baumannii - - - - - - 

1766 Acenetobacter baumannii - - - - - - 

101 Klebsiella pneumonia - - - - - - 

1581 Klebsiella pneumonia - - - - - - 

1691 Klebsiella pneumonia - - - - - - 

1621 Escherichia coli - - - - - - 

1705 Escherichia coli - - - - - - 

75 Escherichia coli - - - - - - 

85 Escherichia coli - - - - - - 

139 Escherichia coli - - - - - - 

347 Escherichia coli - - - - - - 

941 Escherichia coli - - - - - - 

686 Escherichia coli - - - WT - - 

835 Escherichia coli - - - WT - - 

308 Klebsiella pneumoniae - - - - WT - 

975 Klebsiella pneumoniae - - - - WT - 

994 Klebsiella pneumoniae - - - - WT - 

594 Pseudomonas aeruginosa  VIM-2 - - - - - 

12 ц : 1 
 

ы 
(  VIM  

NDM)  

595 Pseudomonas aeruginosa  VIM-2 - - - - - 

509 Pseudomonas aeruginosa  VIM-2 - - - - - 

510 Pseudomonas aeruginosa  VIM-2 - - - - - 

557 Pseudomonas aeruginosa  VIM-2 - - - - - 

558 Pseudomonas aeruginosa  VIM-2 - - - - - 

621 Pseudomonas aeruginosa  VIM-2 - - - - - 

622 Pseudomonas aeruginosa  VIM-2 - - - - - 

477 Pseudomonas aeruginosa  VIM-2 - - - - - 



 

 

602 Pseudomonas aeruginosa  VIM-2 - - - - - 

1707 Pseudomonas aeruginosa  VIM-2 - - - - - 

1758 Klebsiella pneumonia - + - - - - 

547 Acenetobacter baumannii - -  OБA-23+OXA-51 - - - 

10 ц : 
 2 

 

 Х  

1622 Acenetobacter baumannii - -  OБA-40+OXA-51 - - - 

1666 Acenetobacter baumannii - -  OXA-40+OXA-51 - - - 

1692 Acenetobacter baumannii - -  OБA-40+OXA-51 - - - 

1706 Acenetobacter baumannii - -  OБA-40+OXA-51 - - - 

1707 Acenetobacter baumannii - -  OБA-40+OXA-51 - - - 

386 Acenetobacter baumannii - -  OБA-58+OXA-51 - - - 

816 Acenetobacter baumannii - -  OБA-58+OXA-51 - - - 

1671 Acenetobacter baumannii - -  OБA-58+OXA-51 - - - 

1777 Acenetobacter baumannii - -  OБA-58+OXA-51 - - - 

741 Escherichia coli - - - - - CTX-M-3-like 3 ц :  
1  ( Х-

) 
886 Escherichia coli - - - - - CTX-M-15-like 

819 Escherichia coli - - - - - CTX-M-14-like 

726 Escherichia coli - - - WT SHV-5-like (238/240SK) - 

13 ц : 
 1  ( Е -

1  SHV-1) + 

1  ( Х-  
 SHV-5) 

1067 Escherichia coli - - - WT - CTX-M-15-like 

1040 Escherichia coli - - - WT - CTX-M-15-like 

968 Escherichia coli - - - WT - CTX-M-15-like 

965 Escherichia coli - - - WT - CTX-M-15-like 

905 Escherichia coli - - - WT - CTX-M-14-like 

1022 Proteus mirabilis - - - WT - CTX-M-15-like 

856 Proteus mirabilis - - - WT - CTX-M-3-like 

909 Enterobacter cloacae - - - WT - CTX-M-15-like 

693 Enterobacter cloacae - - - WT - CTX-M-3-like 

974 Klebsiella pneumoniae - - - - WT CTX-M-15-like 

135 Klebsiella pneumoniae - - - - WT CTX-M-15-like 

136 Klebsiella pneumoniae - - - - WT CTX-M-15-like 

1061 Klebsiella pneumoniae - - - WT WT CTX-M-15-like 3 ц :  
2  ( Е -1+ 

SHV-1) + 

1  (CTБ-

M-15) 

949 Klebsiella pneumoniae - - - WT WT CTX-M-15-like 

859 

Klebsiella pneumoniae - - - WT WT CTX-M-15-like 



 

 

249 

Enterobacter cloacae - - - - SHV-5-like (238/240SK) CTX-M-9-like 

1 ц:  
2  (SHV-

5+CTX-M-9) 

202 Klebsiella pneumoniae - - - WT SHV-5-like (238/240SK) CTX-M-15-like 4 ц :  
1  ( Е -1 

 SHV-1) + 2 

 (SHV-

5+CTX-M) 

249 Enterobacter cloacae - - - WT SHV-5-like (238/240SK) CTX-M-14-like 

513 Serratia marcescens - - - WT SHV-5-like (238/240SK) CTX-M-3-like 

1248 
Klebsiella pneumoniae - - - - 

WT+SHV-5-like 

(238/240SK) 
CTX-M-14-like 

717 
Klebsiella pneumoniae - - - WT 

WT+SHV-5-like 

(238/240SK) 
CTX-M-15-like 3 ц :  

2  ( Е -1+ 

SHV-1) + 

2  (SHV-

5+CTX-M-15) 

202 
Klebsiella pneumoniae - - - WT 

WT+SHV-5-like 

(238/240SK) 
CTX-M-15-like 

690 
Klebsiella pneumoniae - - - WT 

WT+SHV-5-like 

(238/240SK) 
CTX-M-14-like 
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