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      : 

1.     

  ; 

2.       

      , 

  ; 

3.        

 . 
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1   

1.1   

  –     ,  

       ( , 

- , - , -   .)   

 ,   .    

    (  1).  , 

      ё   

  ,      

 -   .   ( ,  

),   ,     

   ,     

.       

         

ё     ( ,    pH 

). 

 

 

 1. -     [1]. 
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,    .  

          

     . ,   

,   ,      

   .     

   Fc       

 G,        

Staphylococcus aureus  Streptococcus spp.  [1]. , 

  , ,    

,      ,  

    [1].  

   ,     , 

        [1]. 

        ,  

 ,      

   ,     

   .     

      ,   

-  N- ,    , 

       .  

        

  (  2).      

        

    . ,  S-  

(glutathione S-transferase, GST)  -   (maltose-binding 

protein, MBP)   ,       

    ,     [1]. 
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 , ,  - ,  

- ,  -  ,  

     ( ,   Ni2+). 

        

 ,         

.        

           

,          

 . 

 

 

 2. -      . (i) Strep-tag – 

,   8       ; 

(ii ) SpGTag –  G  58  65 ,     Fc 

  G;        

  (     ) [1]. 
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1.2     

        , 

   ,   , 

         

.      ,  

        

         

.         

     ,  

    ,   

      ё   

  [1]. 

,    ,    

  :    ,    

  ,     . 

   , ,      

    .   

        

.      ,  

    .    

     -  , 

      SepharoseTM.   

    ,   

  pH (pH=3-12),     

  (  )    

  [1]. 
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     .   

      . 

      TOYOPEARLTM, 

    [1].    

  ,       , 

        

   [1]. ё    

     ,   

    [1].     

       

 ,       

 ,      

  [1].  

        

        . 

         pH 

(   pH=2-8),       

[1].           

  [1].  

      

 .     ё   

       .  

       , 

,   DynabeadsTM,       

  , ,   , 

,  A,   . [1]. 
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 1 –       

     ( ) 

Sepharose Agarose 40-165 

SG beadsTM Polystyrene and polyGMA 0,2 

DynabeadsTM Polystyrene 1-5 

Bio-Gel P-100TM Polyacrylamide 90-180 

AllTech MacrosphereTM Silica 7 

Affi -GelTM Agarose 75-300 

TOYOPEARLTM Polym thacrylate 20-300 

FG beadsTM Polystyrene, polyGMA, ferrite 0,2 

SiCORETM Silica 1 

 

1.3  

        

 ,     .  

        

  -    ,   

      ,   

  [1].     

   ,     

  .       

   . , , 

    ,   

  ,      

   [1].  
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1.4     

 ,      , 

  :    ,  , 

 ,    ,  

 ,       

   [1].     

    .    

      . 

          

 .  

1.4.1 И   

   Y-   ,  

   :       

  ,    (  3).  

  ,  Fc  (fragment crystallizable 

region),   C-      . 

 ,  Fab  (fragment antigen binding), 

         . 

     .    

     , 

,  N, N'- , N-

,   [2].     

     ,   

  ,  . 

        

 ,    . ,  

        

    ,       

. 
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 3. -   [2]. Antigen-binding site –   ; Heavy 

chain –  ; Disulfide bonds –  ,    

; Variable region –  ; Constant region –  . 

 

         

,           

   [2].    

        

 . ,      

,       , 

  Fc .       

          

    ,     

   [2].     

      . , 

       

     .   
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      N-

-D-  [2].      

   ,     

   .      

  - ,     

,     ,  

  [2].  

        

  -    

  Fc-  IgG  [3].       

    pH=1-2,       

  .     5   — E, D, 

A, B  ,   IgG    B-  [3]. 

   B      

 .         

       , 

  Z-  [3].  -  

  G     .  G   

  - A, B, C, D,           

IgG,       ( ),   

    G ,      IgG,   

 [3]. 

        

     

(  ,  )   FLAG, c-myc, T-7, 

  (hemagglutinin antigen, HA)  Softags [3]. C-myc 

  ,     

 (   ,  
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   )  9E10.  T-7 –   

  T7,   11 ,   

  T-7-   [3]. HA –   

 ,    12 CA5.    

FLAG, T-7, HA  -myc      

 [3]. 

 FLAG       

 DYKDDDDK,     

  M1  M2.    M1  

  ,       FLAG  

    ,  , , 

    ( )  

  ( ).     M2 

   pH,      [3]. 

 FLAG       

  ,     

DDDDK ё    [3].   

     FLAG   

 . ,  ,    

    M2-  ,    

3xFLAG, ,    ,    FLAG,    

           [4].  

Softtags – ,   -  

  (polyol-responsive monoclonal antibodies, PR-

mAb) [3].    Softtag        

      

,        .  

  Softag. Softag 1      
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   -  β '  -  E. coli, 

   PR-mAb NT73. Softag 2   

 ,   -   -

 II   ё  PR-mAb8WG16. Softag 3   

   ,    N-  

   IIB ,  ё   PR-mAb [3]. 

       

 1D4,   9   -   

 ,        

     [5].   

           

  .  ,    ,   

     1D4-    

 .  

1.4.2 С    

      60 , 

  Streptomyces avidinii.  

       4-  

     (    10-15 

M) [6].       

 β- ,    β- .   β- ,  

 ,  β- .   β-   

     ,  

  (  4).      

-  ,    ё   

   β-      ё   

   [6].    

  B     
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   ,    

      ё    

  (  5).  

 

 

 4. -   .    

   ; , ,     

       [6] 

 

 

 5. –    (1)   (2) 
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  Strep-tag,      9 

      ,    [3].  

 Strep-tag     in vivo, 

     E. coli    

,        

     [3].   

 Strep-tag  ,        C-  

 .    ,   Strep-tag 

II ,        N-   -   ,  

   37*10-6 M [3].     

        

 Strep-tag II ,         

44-47 ,         

,    Strep-Tactin [3].     

     , , SBP-

tag (streptavidin binding peptide -   )  Nano-

tag. SBP-tag   38      2,5*10-9 

M. Nano-tag      Strep-tag II  (   15 

)     4*10-9 M [3].  

 –   68    ,  , 

    4       

.    ,   .   

  ,     . -

    (    10%   

)        

[7].    NeutrAvidin,   

    60     

   [7].      
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  vid-tag,    6   

       12*10-6 M 

    [3].  

1.4.3 К  

    -  

  17 ,    .   

   ,       2 -

 .       

 (     ),    

     ,  

   ,     ,    

 [8].       

 ,   -   (calmodulin 

binding peptide, BP). CBP     26 

,   -       

       10-9 M  

   [3].    CBP   

,         

   ,  ,     

 [3]. 

1.4.4 S-  

S-   S-        

   – ,   . 

S-     1-20    S –    

21 – 124 [9]. S-    ,   

, ,  ,      

   ,    
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     S- .   S-   

S-     (     

)     S,    

   ,   S- ,   

 [9].  

1.4.5  

 S-  –    26 , 

  Schistosoma japonicum.     

        

      

     [10].   

         .  

,     ,   GST,   

     [10].  

  ,      

 .        

         

     ,   

 GST [3]. 

1.4.6 П  

     :  

, , .  -   - 

   42 ,     

     . 

,   MBP  N- ,        

     10 -6  [3].  

          

 . ,  ,   
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   ,   

 (4-20 )    .      

N-  -          pH 

(pH = 3,5-9,5) [11].  -    

  ,     , 

     ,   , 

     . -  , 

  Bacillus circus,   51     

    N-   C-   .   

     –     

 [11].  

1.4.7 И     His-tag 

-   ,    

(  6  ),     

 (     )   

  (   Ni2+  Co2+),  

, ,     (iminodiacetic acid, 

IDA )    (nitrilotriacetic acid, NTA), ,  

 ,    (  7). IDA  

         

       . NTA 

        

    . NTA   , 

 IDA ,      ,    

         

 .       pH,  

       ,   

       

.      ,    
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     , ,    

 , , ,   ,    

 ,       

     [12].  

 

 

 7. -        His-tag  

    Ni2+.  –    

    (IDA); B –    

    (NTA) [12]. 

 

1.4.8 Halo-tag 

       

  ,   ,  .  

    -    
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   .     Halo-tag  , 

    ,   

  . Halo-tag     

 ,   Rhodococcus spp.,  

    33  [13].    

    , 

 .   sp106   

 -  ,   His272   

  ,   His272Phe   

       [13].  

        

 TEV (tobacco etch virus,   )  [13]. 

       ,   

       

   .  

1.5    

    ,   

       .    

        

 .     : 

,  Xa,  SUMO (small ubiquitin like modifier), 

 TEV,  [13].   –  ,  ё  

 DDDDKX    -     

,    ,    

(X). ,       X 

 61%,     88% [13].    

    Flag (DYKDDDK).  Xa 

  ,  ё  I(E/D) GRX,  X  

  ,     [13].  
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ё   -  .  SUMO ё    

  SUMO,     ,  

 ё   N-       

(  -  ) [13].  TEV ё  

 ENLYFQS       

. TEV-   ,     

  .  – ,  ё  

 LVPRGS       

.       [13].  

1.6     

       

       ,    

 ,      

       

   ,    

.        

       

    . 

1.6.1 Ч    я  

        

   ,    

       .   

    , ,   

      ,  

      ё 

     .   

       ,  

  ( ) - ,  
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 (radioimmunoprecipitation, RIP).   

 -        

      

 ,    

   .    

     , 

   ё     

  . Burbelo P.D.      

       

(luciferase immunoprecipitation system, LIPS).  LIPS (  8)  

    ,    

.    ,  

   – ,    

 –  ,     

Renilla reniformis.     Cos1  

  ,      

   .    , 

       .  

        

   .        

 ,  ,    , 

 .      , 

    A/G   , 

 -    ,   

       . 

        

   ,  

   . 
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 8. –     LIPS.  –   

    -   Renilla reniformis (Ruc),  

      os1,   48  

        ; B –   

   ,   -   

 /G,  ,     ,   

         

     [14]. 

 

   1  ( 1) -  , 

   β-   ,  

,   ,    

, -65 (glutamic acid decarboxylase-65, GAD-65), 

-  -2 (insulinoma-associated protein-2, IA2), 

-  -2β  ё   8 [14].  

  ,  LIPS  RIP   
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,   1. ,   

    -IA2-     

1   LIPS  85%  100%,     

,    RIP [14].  

  ,    1     

 ,      

,    .    

   9       1 . 

  1        

  1 ,     50%   1   

    ,     

,    , -2, 

  ,  , 

    [14].     1  

     GAD-65 [14].  

 GAD-65        

,      .    

        

GAD-65   LIPS  100%  100% [14].   LIPS 

      , , 

   c    [14]. 

 LIPS        

  ,     

 ,   -  ,  

 ,  - .      

       . 

,   16   Wuchereria bancrofti ,  

 Wb123        
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  [14].     20  

 ,    ,  75%   

       v-  [14]. 

  LIPS        

   ,  Strongyloides stercoralis, 

Onchocerciasis, Loa loa [14].  

    -  -

,   20-80      

 ,      

 , - ,    . 

        

       . 

       ,   

 ,        ,  

        ,   

.         

 ,     .  

 . .       

« »  (  9)        

   -  LC-17  LC-18,   

     (Kd = 14   38 , 

),    ,  Ca2+-

  ,    

    22,2   2-

,    

  [15].    

 :      3´-  5´-  

(20   ),       
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        . 

  5´-     

   :     5´  ( 1), 

 – ,     

( 2) [15].    ,    

     , 

   .    

    LC-17, 1   

,  . 1    

   - ,   LC-17   

 5´-    1,     

   (    ).   

     .    

  LC-18,  ,    . 

 LC-18   « »   .  

         

 c  2 ( 2),  5'-   

LC-18. 2   LC-18  ё   3´- .  

        

     CaCl2.  

         

  . 
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 9. – C     . Stavi – 

, Bio – , target –  (    ) [15]. 

 

      98  

  (47     + 3     

    , 48 –  ).    

        .  

  10     , 12 –  , 18 –  

, 7 –  .   8  10     

, 11  12    , 17  18     7  7  

  [15].      

91,5%  75%  [15]. 

1.6.2 Ч    я   НК 

 

 in vitro-  ,    ,  

 ,       

       

   ,       

.  . .        

   .    

     , 

 Ni- .      -

,     ,     

2´-F –       ,    
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 [16].        

,  ,       

,     -    « » 

.  ,   ,   

        -

 .     -

  -  (   –   

).      .   

      

      , 

  7  10-    (  10).   

     

24-  -   

5´   - ,      

       –  

   [16].       

     CaCl2.  

    7-   10-    

     -  , 

    [16]. 
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 10. -      -  ( )  

    ( ). 1 – , 

   ; 2 –  -  

   ; 3 – ; 4 – ; . . –  

  [16]. 

 

   HbA1c    

       

   . HbA1c –   

 N-    β-   . 

        2-3   

  . 

  . .     2´– F-

 -     

 [17].        

  ,    

 -    [17].     
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  (     ) 

 2´– F-       

  .   ,  

       - .   

 ,   ,      

 ,    Tween 20,  

      -

 [17].        

,      

    7-10.    

        

 ,       

.        

         

HbA1c [17]. 

       

   « »  (  11). 

3´      

        

  [17]. -    

        . 

    Ca l2.  

,  ,      

 

 



 

34 

 

 

 11. – C    . Stavi – 

; Bio – ; Hb – ; Hb Ab –   ; Obe – 

 [17]. 

 

     ,    

 ,     ,   

 ,     

[17].          

 . 

    ,   

,      

        

       

  ,        

   ,     

 -  - . 
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2     

2.1    

 2 –     ,    

  

 TE 20 M -HCl pH 7,0; 5 M  

SOC-  20 /  - ; 5 /   

; 0,5 /  NaCl; 2.5 M KCl pH 7,0; 

20 M MgSO4; 20 M  

LB-  (  ) 10 /  - ; 5 /   

; 7,5 /  NaCl pH 7.0 

LB-  (  ) 1,5%   LB-  

  (   ) 50 M -HCl pH 8,0; 1 M  

  (   

) 

20 M -HCl pH 8,0 

  (   

) 

20 M -HCl pH 8,0; 1 M NaCl 

  (  ) 300 /  ; 8 /  - ; 

100  

  (  ) 1,5  -HCl pH 8,8; 9   50  

  (  ) 0,5 M -HCl pH 6,8; 3   50  

 D (  ) 3 /  ; 14 /  ; 1 /  SDS; 1  

 1 (   ) 50 M Na2CO3 pH 11,0; 0,5 M NaCl 

 2 (   ) 0,1 M Na2HP04 pH 7,0; 1 M NaCl 

 3 (   ) 50 M H3COOH 
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  2 

  

 4 (   ) 10 M -HCl pH 7,5 

 PBS 0,1 M   pH 7,0; 0,15 M 

NaCl 

  PBS; 0,1% ween; 5 M  

 

     : -  

(Panreac, ),   ( , ),  

 ( - , ),   (Panreac, ), 

  (Sigma-Aldrich, ),  (Sigma-Aldrich, ), 

( )  ( , Sigma-Aldrich, ), 

  ( , Sigma-Aldrich, ),  

 (Sigma-Aldrich, ), -β-D-1-  ( , 

- , ), 1- -3-(3- )  (EDC, Sigma-

Aldrich, ), N-  (NHS, Sigma-Aldrich, ),  

 ( , Panreac, ), -4-(N-

) -1-   (SMCC, ThermoScientific, 

), 2-  (MP Biomedicals, ),   (DMS, 

Sigma-Aldrich, ),    ( , Sigma-Aldrich, 

), 4- -2-   (HABA, Pierce, ). 

     , -

 ( , ),  ( ,  

Helicon, ),   ( ),   (sodium 

dodecyl sulfate, SDS,  Helicon, ), 2- ,  

    (Bio-Rad, )  (Abcam, ).  
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2+-    D12C,     

   - ,     

      . 

     Dynabeads M-270 Carboxylic 

Acid (Invitrogen, ). 

   (  ,  

  36 )    . . .  

. . (        

).  

        

12,5%   ( ),  0,1% SDS   

. 

     HiTrap Desalting Columns  

  AKTA purifier (GE Healthcare, ). 

2.2      

-  E. coli,     

      

      . . [18].  1  

    5   1 (  2),  

     10   20   , 

  (11000g, 30 , 4 ° ).    

,  2-  (Pierce, ),  

 1,      ,   

   2 (  2).   

  50 M CH3COOH pH 4,0,   

  1  -HCl pH 7,5. ,  

, . 
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2.3    E. coli  , 
   

  pEThH-FABP   . . . 

 . . (   . . ,  , 

  ).   20     

 E. coli BL21(DE3) Codon Plus (RIPL)  1   

  (pEThH-FABP)  TE       30 

.   «  »:    42 °    

 WB-4MS (Biosan, )   25 ,     ё   

2 .     200  SOC-  (  2)  

 1   37° ;     LB-  (  2), 

 200 /  , 50      

  37°  . 

2.4    E. coli 

    RIPL  LB- , 

 200 /     37°    

  OD590  = 0,6.     

   (0,4 ).     

 ё   3-    30° .   

 (3600 g, 15 , 4° )     

 . 

2.5      

  1    5   A (  2);  

     -2  

( , ) 10   20   ;  

  (11000g, 15 , 4° ).  ,   

  (1,5%),   (11000g, 15 , 

4° ),  .      
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  (  2).      

 HiTrap Q HP 5 ml (GE Healthcare, ),  

  (  2)     AKTA purifier 

(GE Healthcare, ).     

NaCl (0-0,1 M)   1 / .     

 -20° . 

2.6    

        

 DC Protein Assay (Bio-Rad, ),     

 SmartSpec 3000 (Bio-Rad, ).    

    . 

     , 

   Green [19].  1    (  0,1  

  pH 7,0)  25  50   4-

-2-   (HABA ) (  0,1    

pH 7,0)     OD1500.    

  HABA  25  2       

     OD2500.  

 ( / )   : 0,49*(OD1500-OD2500). 

 2+-    D12C 

     

 ε460  = 1815 -1 -1 [20]. 

2.7       
  

      

Dynabeads M-270 Carboxylic Acid      

,     .   5  

50 M Bicine pH 8,5.   50  EDC  50 /   
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50  NHS  50 / .   1   

        . 

      (0,5   50 M Bicine pH 

8,5)       4° .  ,  

     ,  

   2.8.     ,  

        EDC 

 NHS. 

      

   : 

1.   5  50 M Bicine pH 8,5.   3  

SMCC         1    

  .     5  50 mM 

  pH 7,0.     (2   50 M Bicine pH 

8,5)  40-    2-    

2    .    -

   HiTrap Desaulting,  50 mM  

 pH 7,0. SMCC-     

      4° ,   

   (  2)    

   ,     2.8.   

2.   5  50 M Bicine pH 8,5.   4,7  

DMS          (1   50 mM Bicine pH 

8,5)   2      . 

    5    (  2)  

     ,  

   2.8.  
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3.       ,  

   (10  DMS  , 0,5  

  50 mM Bicine pH 8,5)    (1   

         4° ).  

   (0,45   50 M Bicine pH 8,5)  

        

3. 

2.8      
   

 1  ,      0,1  -Na 

 ,  7,0  25  10   HABA, 

     ,   

      λ = 500  (OD1). ,  

       25  2   , 

,         

    (OD2).      

: 0,49*( D2500 – OD1500). 

2.9     
-    

5    (5’-Bio-

CGTGGTTACAGTCAGAGGAG-3’,   , )   

 (  2)   -  

(   №3)   « »    

    .    

           

-  .   

  λ= 260    NanoDrop Lite (ThermoScientific, 
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).       

 ε260  = 204147 -1 -1. 

2.10  ,     
 ,       

   

   ,    №3,   

   ,    

,   1%   PBS      

 .  5     

(  2).       100     

   (  50   )   

20 M -HCl pH 7,0  5 M , 0,1%    1   

 .   5    , 

   100   20 M -HCl pH 7,0  5 M   

      (Costar, ). 

     

 50  0,1 M CaCl2  0,1  -HCl pH 8,8     

  Mithras LB 940 (Berthold, ).  

   5 . 

        , 

   ,    

      

D12C   .    D12C    

     1000   0,1   

,  20 M -HCl pH 7,0 c 5 M , 0,1% . 

     . 
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3    

 12  

 

 

 



 

44 

 

 

       

: 

1.     

       . 

2.      

     . 

3.     ,  

    (   0,97 ± 0,41 

/  )   (   0,2 ± 0,008 /  ). 

4.      

   -  

    -  . 

5.   -    

    in vitro  - , 

  .  
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 Щ  

    

  

 -β-D-1-  

   

-    –    

   

  ,    

  

 ( )  

    

   

   

CBP Calmodulin-binding peptide, -   

DMS Dimethyl suberimidate,   

EDC 1-Ethyl-3-(3-dimethylaminopropyl)carbodiimide, 1- -3-(3-

)  

GST Glutathione S-transferase,  S-  

GAD-65 Glutamic acid decarboxylase-65, -65 

HA Hemagglutinin antigen,   

HABA 4'-hydroxyazobenzene-2-carboxylic acid, 4´- -2-

  

IA2 Insulinoma-associated protein-2, -  
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-2 

IDA Iminodiacetic acid,   

LIPS Luciferase immunoprecipitation system,  

  

MBP Maltose-binding protein, -   

NTA Nitrilotr iacetic acid,   

NHS N-hydroxysuccinimide, N-  

PR-mAb polyol-responsive monoclonal antibodies, -  

  

RIP Radioimmunoprecipitation,  

SBP Streptavidin-binding peptide, -   

SUMO Small ubiquitin like modifier 

SMCC Succinimidyl 4-(N-maleimidomethyl)cyclohexane-1-carboxylate, 

-4-(N- ) -1-  
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