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BV – ; BphPs –  ; NIR FPs – -   -
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     ,   , 

        -

 iRFP713, iRFP682  iRFP670,     . 

        : 

1.     –    

iRFP713;   ,    ,  

   – ; 

2.        iRFP682  

iRFP670, ,    iRFP713,      , 

    BV; 

3.     iRFP713,  iRFP682  iRFP670,   

,   BV,  PAS    GAF    

(iRFP670/C256S, iRFP682/C256S, iRFP713  iRFP670/C15S, iRFP682/C15S  

iRFP713/C15S/V256C, ),       PAS,    

 GAF  (iRFP670, iRFP682  iRFP713/V256C),     -

  (iRFP670/C15S/C256S, iRFP682/C15S/C256S  iRFP713/C15S); 

4.       –   

    iRFP713,  iRFP682  iRFP670. 

 

 ,   : 

  iRFP713        -

       ,  

  .  iRFP713    ,  -

 ,     BV   1:1.   

         -

; 

         iRFP713; 

BV,    GAF ,       -

  Cys 15  NIR FP,      ; 

BV,    GAF      Cys 256 NIR FP,  

    ,     

    BV,   Cys 15    ; 
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   iRFP713/V256C        -

  NIR FP   ,   in vivo  in vi-

tro; 

   NIR FP      -

      ,  -

     BV    -

 NIR FPs.  

 

  : 

 ,    BV    

NIR FP,            

 ; 

 ,     GAF   iRFP682  iRFP670 

(Cys256)   BV ; 

   ,   BV     

Cys256,       iRFP713, iRFP682  iRFP670;  

 ,         -

        Cys15  Cys256, -

  PAS    GAF ;  

    iRFP713/V256C,    ,  -

         -

      .   

 

     

     NIR FP –  BV,  
    ,       ; 

    BV     
    iRFP713, iRFP682  iRFP670   BV  -

   ;  
       PAS  

  iRFP713, iRFP682  iRFP670    BV  -
   GAF .       

     ,    -
 ;    

       –  -
   iRFP713, iRFP682  iRFP670       

   ; 
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 4    . 

 

    

  ,   ,   . 

,      ,    

     . 

 

  

    12       

  (3   9 ).      

 ,   : 

XXI  -  "Spectroscopy of molecules and crystals", -

, , 22-29  2013 .; 

IV      , - ,  -

, 18–20  2014 .;  

32-      , , -

, 24 – 29  2014 .; 

XVI     : -

   , , , 24-27  2014 .; 

     “Significance of 

Knotted Structures for Function of Proteins and Nucleic Acids”, , , 17-21 

 2014 .; 

 -       -

 «       »,   -

  , - , , 10-13  2014 .; 

V   .   , , 4-10  2015 .; 

  « . »,  -  -

 . . .  ,  - , 26—29  2015 . 

 

  

      «    

» (  . . ),   (  13-04-0814),    

 (   14-24-00131)  ,     
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iRFP713        -     

 .  

 

    

    135      

,  ,   , .   39 

  2 .    195 . 

 

 

   

   . ,    iRFP713, iRFP682  iRFP670  

    polyHis-tag,   . . .  (  

. . , )         ( -

).        E. oli LMG 194  , -

  [1].    NIR FPs  LMG 194  -

  pWA21h,    ( ),  

  BV.     RM ,  , 

  0.02%    5-6 .     NIR FP -

       0.002%    

  37 °    6    18 °    24 .    -

     -  His-GraviTrap (GE Healthcare, ). 

    ,  ,    100  

.      -     -

 MonoQ (GE HealthCare).       -

  RM ,     3-4 .   -

 NIR FP        ,    -

.       SDS/PAGE  -

 15%-    [2].       20  

TrisHCl ,  8.0.  

.   (Frontier Scientific,  )   -

 .  BV  .   -

   376   45500 -1 -1 [3].   

  –       -

 (GdnHCl)  Sigma-Aldrich, ( )   . 
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  GdnHCl      -

  ( , - , ). 

 .      -

  U-3900H (Hitachi,  ).     

     (101.016-QS, 5 5 , Hellma, )  

   5 . 

 3D  .       

    ,    -

  (4E04.pdb) [4].     -

         [5, 6, 7, 8].  

  .     -

  Cary Eclipse    26.400-F (10 10 4 ) Starna 

Scientific ( ).       -

       

 [9]   (101.016-QS 5 × 5 ; Hellma, )  -

 Cary Eclipse. -  ,    NIR FPs, 

    ,    BV   , 

  ,     .     -

        ( ex=297 ),  

        .  

        

  = I320/I365,  I320  I365 –  ,    

 320  365 ,  [10, 11].      -

    .   -

     V
H

V
V

H
V

V
V GYIGIIr 2/ ,  V

VI  

V
HI  –        -

   , ;  , -

         -

   , G,    -

 H
H

H
V IIG /  ( em=365 ), H

VI  H
HI  –    -

        

[9].  

  .        

 J-810 (Jasco, ).         



 9

  260  190            1 ,  

    320  250      800  320      -

   1 .     0.1 .     

/     3     .  

        . 

 .      -

 Harvard Apparatus/Amika ( ),      (   500 

),  ,   ,    . 

    NIR FPs   ,     -

    10 .       1,   BV –  

 2.   BV       ( 20  

TrisHCl 8.6).  NIR FP  8 ,  BV   25  70 . 

         5  

 4 ° .          

  BV    .    -

  BV (Cf)      ,     -

  BV   1  ,    2,   BV, 

  .  BV,   ,   -

 : Cb=C0-2Cf,  0     BV   2.  -

    1      

 BV   Cf    NIR FP/BV.   -

         ,  -

     BV.  

 

    

 

       –   -

,      

 –        -

     GdnHCl    -

,     ,  , 

     , . ,     -

     .  . 1   

,    iRFP713.     ,  

 ,        



 10

,   :   BV  

 ,     ( . 1,  ),   

  ( . 1,  ),     -

   ,         -

 ,    ,      -

   .  

 
 
 

. 1.  –    iRFP713   
GdnHCl.       =320   

=295  (  ),   BV  =715   =690  
(  ),   (  );    (  

);    =222  (  );   (  )  
 GdnHCl.   – ,   – . 

 

  NIR FPs    ,     -

  :         

   ,    ( . 2). -
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  ,           

.   , ,      , 

  (  1%    ,     ). 

          -

  ,      -   .   -

     –  ,   -

.  ,   , ,      

 . 

        

,      ( .2,   ., 2015).  -

 N-  ,   PAS ,   GAF  [12,13]. 

   ,     PAS-  -

,   

 

 
 
 
 
 
  

. 2.    -    iRFP713. . -
  iRFP713 (4E04.pdb).   PAS ( )   GAF ( -

) .   BV,    . . -
       « », .  -

  BV    iRFP713 (4E04.pdb). 
 
Ile35  Gln36 [14].  Gln36     , ,  -

,  .   ,      -

     . ,     -

        , 

       ( -

 PAS, GAF  PHY )   ,  ( )  -

   [15, 16]. 

 ,     ,   -

   –  iRFP713  .          -

     .  ,     

   ,  .  Trp  
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 -   iRFP .    ,    

   ,   iRFP713 (Stepanenko et al, 2014). 

 

 

 

 

.3.   iRFP713  -  ,    -
   . .    BV. .      

 . 1  2 –    iRFP713, 3 –  BV   -
. 

 

   ,            

,    ( . 3).    BV    

          ( . 3).  

  ,     BV, . .    

(Stepanenko et al., 2014). 

  ,    iRFP713  BV  -

 1:1.  ,    iRFP713   ( . 

4).  ,      -

   ,        -

.  

 

     ,    

  

         

    . -  , 

     iRFP682  iRFP670,    

         -

    iRFP713.      

,     iRFP682  iRFP670    -
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 ,     ,   Cys 

256  GAF      Cys 15  PAS   . 

 

 
. 4  –   iRFP713   GdnHCl. -

    =320   =295  (  
),    220  (  ) ;  (  ),  -

  (  )   GdnHCl.   – -
,   – .    
 

   ,     

   (iRFP682  iRFP670)  iRFP713,      -

   iRFP670, iRFP682  iRFP713,   -

   PAS,    GAF  ( ys15  ys256): iRFP670, iRFP682, iRFP713/V256C; 

  PAS  – iRFP670/C256S, iRFP682/C256S, iRFP713;   GAF  –

iRFP670/C15S, iRFP682/C15S, iRFP713/C15S/V256C    ys15  ys256  – 

iRFP670/C15S/C256S, iRFP682/C15S/C256S, iRFP713/C15S (Stepanenko et al., 2015).  

,      NIR FPs,  .  

  ,     NIR FPs    

BV.  ,   ,        

 , BV , ,    SDS/PAGE  1  

ZnCl2,      -   

ChemiDoc XRS ( .5).  
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      BV   -

.  NIR FPs,     BphPs  Cys15  

PAS ,    ,  BV ,   

 

 

 

 

 

 

 

 

 

 

 

 

 

NIR FPs,     ys15  ys256, . .    

 ,   .   ,   -

,      PAS,    GAF , BV  . 

  ,   NIR FPs,    ys256 -

  GAF ,    .  , ,  BV 

       ys15 BphPs,    

ys256  GAF  .     ,   

     ys15  ys256,     

   .  

           

 ( .6).  ,       

   NIR FPs,      -

   PAS  ( )  GAF .       

  NIR FPs      ( . 1, . 6  . 7): 

   ,   Cys   PAS -

 (Cys15)    GAF  (Cys256),    Cys15  

Cys256  PAS  GAF ,    Cys,   BV. 

 

. 5  -
   iRFP713, 

iRFP682  iRFP670,  
  -

 .  
 

   -
  ( )  ZnCl2 

(Zn).   
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,   ,   ,  -

 BV   PAS  (Cys15),     -

  . ,    ,   

BV,     BV  .    

     ,      PAS -

,        4-7  1-3 , .  

 

 

. 6.   (  )   (  ) -
        PAS   

GAF :  PAS   GAF  ( ys15  ys256) – iRFP670, iRFP682, iRFP713/V256C; 
  PAS  – iRFP670/C256S, iRFP682/C256S, iRFP713;   GAF  – 

iRFP670/C15S, iRFP682/C15S, iRFP713/C15S/V256C    ys15  ys256  –
iRFP670/C15S/C256S, iRFP682/C15S/C256S, iRFP713/C15S.   iRFP670 

  , iRFP682 –    iRFP713 –  .  
 

  ,     GAF  (Cys256)  

  ,       PAS  (Cys15)   -

     GAF ,     

   ( . 6).      BV, 

   Cys256  Cys15 [17],  ,    -

 BV,   Cys256, ,   BV,   Cys15. 

   ,  NIR FPs,       Cys256, 

           NIR FPs, -

  Cys256   Cys15.  ,     -

    ,        

(Cys15  Cys256).  ,    Cys256  GAF ,   
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       , -

   BV,   Cys15      

.  Cys15    ,   ,  -

        ,  

   .  . 7  ,    

      NIR FPs     

  .        

   Cys256    BV  -

         iRFP713, iRFP682  

iRFP670   GdnHCl. 

 

 
. 7.   BV     NIR FPs   

  ,   BV . 
 

 

 .8,  ,       

,          -

 (       BV)   -

 iRFP682. ,     . 
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  ,   Cys   GAF ,    

 BV    Cys256,     ,    -

   Cys256 ( . 8, ),     -

  ,       GdnHCl (  

1 )      ,    ,  -

 BV ( . 8, ).        

,     .       

,     ,    

      ,          222   

 

.8.     BV    iRFP682/ C15S  -
 BV   . 

   –    iRFP682,    , -
  BV (iRFP682/C15S/C256S),      

(iRFP682/C15S),       GdnHCl.    – -
      GdnHCl,   -

  .        -
   . FN  –   ,   -

    222 .  
 

( . 8, ).           

.  
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  ,   BV       NIR FPs, 

  Cys256,     BV  

Cys256  .       BV,  -

     ,      -

   ,   Cys256.  

 

.9.     BV    iRFP682/ C256S  
 BV   .    iRFP682, iRFP713 

 iRFP670,    (Cys 15)   PAS .  
  . 8.  

 

 
  NIR FPs,   Cys256   ys15,  ys15  -

    GAF ,      BV   ys256  

GAF   . NIR FP   Cys     -
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   , . .   .  ,  

     ZnCl2         -

,  NIR FP      GAF .    

   ,   NIR FP   Cys , 

      BV   

  ,    ,     

   .  ,    

     ,    .  

    NIR FP   Cys    -

 .   

 
 1.   NIR FPs     -

,   BV 
 

-
 -
 Cys, 

 
 

BV 

NIR FP 

-
 

-
-
 

( ) 

FWHM
 

-
 

( ) 

-
 

-
-

( ) 

FWHM
 

-
-

 
( ) 

-
 
-

 
(M-1c -1)

 
 
-
 

(%) 

-
 
 

(%) 

-
 
  
 
-
 

(%) 
iRFP713 692 66 713 38 98,000 6.3 100 100 

iRFP682/C256S 694 77 713 42 89,500 3.2 46 88 
Cys15  

PAS 
(  I) iRFP670/C256S 675 82 702 48 92,900 5.7 86 103 

iRFP713/C15S 685 80 710 42 68,000 5.5 61 n.d. 

iRFP682/C15S/C256S 689 83 712 42 45,400 2.2 16 0.4 
  Cys  

 
15  256 

(  II) iRFP670/C15S/C256S 671 81 699 48 76,300 4.6 57 0.3 

iRFP713/C15S/V256C 665 97 676 67 66,000 7.2 77 n.d. 

iRFP682/C15S 659 111 683 60 53,800 5.0 44 27 
Cys256  

GAF  
(  III) 

iRFP670/C15S 641 103 669 69 85,400 10.3 143 34 
iRFP713/V256C 662 66 680 46 94,000 14.5 221 150 

iRFP682 663 69 682 42 90,000 11.1 162 105 

Cys15  
PAS  

Cys256  
GAF 

(  IV) iRFP670 644 78 670 42 110,000 12.2 217 119 

:   iRFP713      100%. 

 

   BV,    ys15,  BV, 

  ,    ,  ,   , 

       NIR FPs,   -

   PAS .         -

    GdnHCl. ,       

iRFP682 (iRFP682/ 256S),    iRFP713  iRFP670/ 256S,    
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ys15,       GdnHCl,   

    ,  .  ,  iRFP682/ 256S  

,    ,   Cys256,   -

 –   BV       

BV    ( . 9, 7).  

         1.    

 ,    ,    BV, 

     .     

  ,   Cys15,   Cys256.   BV,  

     PAS ,    -

  .      

  iRFP713/V256C,      -

          BphPs. 

 

 
1.          iRFP713. 

2.   iRFP713        -

      ,   -

 . 

3.  iRFP713    ,   ,   

  BV,     1:1.   -

         . 

4. BV,    GAF ,       -

  Cys 15 ,      -

. 

5. BV,    GAF      Cys 256 , 

     ,    

     BV,   Cys 15    -

. 

6.   iRFP713/V256C        -

  NIR FPs      in vivo  in vitro. 

7.  BV         

iRFP713, iRFP682  iRFP670     BV   -

  .  
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8.     PAS    iRFP713, iRFP682  

iRFP670      BV   -

  GAF . 

 

 ,     
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