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 ,     ,  

     .       

 -    in vitro ,    

     

  in vivo,  . 
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   ,    [2],  

 ,      

  [2, 3]  .    

       

 ,      

  .     , 

       

  ,   

      

 ,        

  .  

 ,       

(  , , , )  
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(  ).      

      

      ,   

   [4].    

        

         

 [2]   ,    

          

.  ,  ,   

     in vitro .    

    

,        

   [5].  

         

,  -        

 ,        

 ,     in vitro   

,       

.    -    

      [6],   

      . 

,  MLuc164,      

Metridia,     ,       

       

.   ,      

      .  
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,        

  .  

 ,      MLuc164 

  Metridia longa    E. coli  

  -  . 

      :   

1.      Metridia   

 E. coli (    MLuc7). 

2.    MLuc7,     

E. сoli     Sf9. 

3.     MLuc164  

 Metridia longa      

  E. coli. 

4.  -     

    MLuc164. 

 

       

  «   ». 
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1   
 

1.1   
 

       

    , , ,   

   .   ,  

      . 

,       

    ,      

        

   [4].      

          [7,8]. 

      

 ,       

     .    

       

       

 .     

  ,   

,   .     

     ,   

    [4]. 

     , 

,    ,     

  [4].      

     .  

 ,    ,     

,  ,     – 

 [7]. 
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1.2  -    
 

    ,   

    ,     

    , 

  ( . « oelenterazine»  Coelenterata – 

)  Cypridina-  (     

 Cypridina).  

 ,  -  

 ,    Renilla [9,10],  

 –   Augaptiloidea [11],  

 Oplophorus [12],       

   [13]. 

-      2   

      – 

  .    

 ,        

  ( )   ,   

    .     

  , ,  ,  

Oplophorus,    Renilla [7].      

   -      

,       

, ,  2+,    

  -   .    
       2+ 

  [7,14–16].  
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1.3    
  

       

 .       

(   0,5-2 )    .  

       ,    

 [17,18]    -  

.        

  (  1)   , ,  

,        . 

         

       (   

  485 ). ,   ,  

    ,     

  .  

 

 
 1 –    Metridia pacifica.  

 ,      [19] 

 

       

,    [4,18]   

    2.    

         

,      « ». 
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 2 –    ,  

   

 

         

  .     L -  

   Metridia pacifica  ,   

         

.        

      (H2N – Phe 

– Tyr – Tyr – COOH)  (  3) [4].  

 

 
 3 –        

:      ,   . 

       [4] 
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  ,       

   [20], ,  ,  

     Metridinidae, Heterorhabdidae  

Lucicutiidae    Augaptiloidea (Arietelloidea). 

      

        

,      Renilla, 

Oplophorus  Cypridina,   ,        

        

Cypridina-  [4].       

       [11]. 

 

1.3.1     

 

   ,     

 GpLuc  MLuc,     G. princeps  M. longa, 

 [4,21].  GpLuc     

   Prolume ( )    

       :  

-  ,      

in vivo,       ([22,23]  

.).        

 MLuc    ё    

        

 . 

     40  

     12     

,     ,   N-  

   17-22  .     

 ,     
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 [18].  ,    [24,25]  

 [11,19,26]    

     .  

      2 :  

N-   -   .  -  

       

  70  ,     

   ( )  32 .   

 5  Cys,         

     [4,27]. ,   

 S-S- ,     ,  

    [5]. 

 
 4 –     MLuc  

GpLuc.     ,    

,      . 

 – ,  –   ,  –   

  



15 
 

      

 ,      

 ,   ,    

  [28].    

  M. longa   G. princeps   

 4. 

 

1.3.2    

 

        (M. longa, 

M. pacifica, M. oktotensis)    ,   

      

  .      ,  

    . ,   

Metridia longa  4   MLuc,   

  MLuc164  MLuc7 M. longa  68%, 

MLuc164  MLuc2  54% (  4).     

 57%-    MLuc164   GpLuc  

Gaussia princeps –         Metridinidae 

[4,21].  

     MLuc164 

  Metridia,      

 M. longa      

,      .     

  Metridia MLuc164    (~22 )  

     ,   

     ,   

        in vivo 

   . 
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1.3.3     

 

         

         

,     .  

         

   . ,    

       . 

       

, ,    ,   

,  .  ,     

   , ,  

      

.      « »,  

      in vivo  

 ,      

     in vitro. 

         

,         

 .       

     GpLuc  MLuc,    

 ,       

[29–31].   GpLuc (M60L–M127L) [32]    14 

    ,   ,   

GpLuc  .       Gaussia, 

  «Monsta»,  4  (F89W/I90L/H95E/Y97W), 

  =503   5-    [33].  
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1.4     in vivo  in vitro 

 

 

       Metridia longa 

 Gaussia princeps      

,   in vivo  in vitro .  

      

      –    

 ,   ,  , 

  -  ,    

,        . . 

       

    ,   

 ,    ,  

 ,      

  .     

  ё  [24,28,29,34]   , 

  [26,35,36],     

.         

      .  

 

1.4.1     -  

 

 

 -       

    , , 

       . .   

      [37]. 
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 5 –       

. -    ( , B) 

 

   ,  -

 ,     (  

«split»  .  – « »)  [38,39].  

       [40] 

  ,        

 .    -   

ё        

  (  5).    

 ,  -   

 . 

     

           

 ,     

  , ,     . . 

[41].  

         

[42],   [43], β-  [44], TEV- [45]  . 

   ,     
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 -   -     

(«Yeast  two-hybrid  system»,  Y2H) [46].  

     

   (GFP    [47–49]),   

 ,      . 

  ,        

      ,  

      

. ,   Gaussia   

       GpLuc   

 ,    

.       

 (GpLuc1-93  GpLuc94-169),   

   [30].   

     (9-10 )    

 ,       

 .   ,   N-  C-

  GpLuc     10%  

,        

 RLuc  FLuc,     

[26,50].  

     « »-   

   Gaussia    

         

 [23],       Salmonella 

enterica [51].  ,    GpLuc  

      APP 

(   ) [52,53],    

       

   [54]     . 
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   ,  ,  

    Gaussia, ,   

      GpLuc,   

 CopLuc        

 . 

 

1.4.2   in vitro  

 

       

    ,    

  -     

(  ). 

    ,   

,     -   

.   ,    

   ELISA («Enzyme linked immunosorbent assay»), 

       

  ,     .  

       

   , β-D- ,  

.          

          

  ,   .   

      

 [55].   ,       

     ,     

 .       

 ,   ,    

,        « »-   

  ,    . 
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 ,      

 ,    ,   

       [56–

59].     

   6. 

 
 6 –    

 

        

      Gaussia 

 Metridia.  ,      

   in vitro     

    ,   

   ,    ,  

   ,  ё   

  (SEAP) [60,61]. 

     , 

         

-  .   Gaussia   

      [34]     

  1 ,      

 .      

     -  

 M. longa (MLuc39) in vitro,   E.coli [28]. 
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  [62]      

GpLuc    ZnT8 (     1 

).         

     -     

 ZnT8      1 .  , 

        

        

 ELISA.      

       Gaussia  

  (scFv),    [63].  

,     GpLuc-scFv   

,    x    

   ,       

     .   

    .  

 ,      

       

   [64,65],    

     .   

       , 

        

  in vitro . 

      in vitro     

,      

  . 

 

1.4.3    

 

  (High-Throughput Screening, HTS)  

        , 



23 
 

  ,     

   , , 

  . .  

      

     ,    

 ,       

       

,  CopLucs     

 . 

,   HTS-     Metridia  

       

    ,    

   [66].    

 HTS-   ,   

 (HIF) [67].      

 ,  . 

    GpLuc   

 -   ,   

     

 [68]. 

     MLuc  GpLuc  

    (miRNAs)   HTS, , 

          

 . ,   miR-15/16 miRNAs, 

      BCL-2, 

            

        

 MLuc   miR-15/6   3’-   (3’ UTR) [69]. 

     miRNA,   

  ,  -    
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miRNA   .   GpLuc,   

 miRNA   3’ UTR,     

miRNA    [70]     

miR-22    [71]   HTS.   

 ,  MLuc,    

 miRNA,       

        

 [72].  ,      MLuc  

GpLuc     -   

      [69,70,73].  

 HTS    , 

     GpLuc. ,  

 ,    ,   

 3000       50  

,     [74].  

    GpLuc    

 -       

        [75]  

   ,   

    [76]. 

      

,      . , 

       

 (GpLuc    Y2H- ) [77],   , 

        

    (MLuc- ) [78]. 
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1.4.4   

 

 in vivo     

         

       [21]. 

  ,    

,    ,  

   .   CopLucs 

         

,        

[36,60,79,80].      

 ex vivo    ,  

    ,   

     . 

          

 in vivo  MLuc  M. longa ,   , 

GpLuc  G. princeps. ,       

 FLuc  RLuc,  Gaussia     

  (  100 )    in vivo [26,81]. 

      

     ,  

       ,  

       [72,82–84]  . 

         

    ,   

     (  7).  

      

( , «IVIS Spectrum», PerkinElmer, ),   

 .  ,     

       .  
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       «IVIS Spectrum», 

 [84].       

ROSAKIT D816V-Gluc   4      

   .   

     Gaussia  

            

  ,    .  , 

     

      

 . 

 
 7 –        

    [85] 

 

        

     - , 

  GpLuc,    [86,87]   

         

 [88];      , , 

      

          

 ,  MLuc [83],  
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   [89]     

   GpLuc  ;  .    

GpLuc,         

 -        [81]  

       

    [90].  

   GpLuc  MLuc     

 in vivo  Luc-   ,  

 Candida Albicans [91], E.coli [92], Mycoplasma sp. [93],  

  [94],   71 [95]   

  [96].  

 CopLucs   , MLuc  

        

    [97]. 

       

       

  .   CopLucs    

       

  [98],      

      [35,36]    

 [99].      

    ,   

   MTT- .  

 ,   ,    

      

          

.          

     . ,  

      GpLuc    FLuc  

Vargula  (   Vargula hilgendorfii)   
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  in vivo [100].   Gaussia, Renilla  firefly 

     

  Src-      in vivo   [101], 

      GpLuc  in vivo  

 NF-jB        [102]  

. 

 

1.5     

 

       

,   , , , , 

   [4,6]    ,   

        . 

  ,      

        

,   .  

       

           

     .     

    CopLucs [29]   

       

   ,    

   .  

   ,   Gaussia 

    ,       

       ,  

GpLuc,        

        

[21].   ,    , 

   GpLuc,  
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   (    200 )   

   Renilla,     [26]. 

  ,      

 ,    

     E. coli   . 

,       

Gaussia,    ,   E. coli  

     

 pelB,      

[103].    E. coli     

    S-S-    

   -   - , 

     [104].  

          

   [104].     

,       GpLuc  

 ,   pelB     

  [22,103].      

  (pCold expression system),   

   Gaussia,     

 [6].  ,       

    ,   

   .  ,   G. 

princeps      IgG-    A 

[105],    [106]  C-  

 Tyr-  [31],    

     E.coli.    

     GpLuc,      

    , 

  E.coli,   . 
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 [21,85].   Metridia MLuc7 [24]  MLuc2 [107], 

   Gaussia [29]      

 Sf9     .   

        3–6 /  

  .    MLuc7,   

 ,  ,     

   MLuc7,    

[24].   ,         

      

,     [108]. 

 

1.5.1       

    

 

E. coli       

 ,  -   

      

 ,   ,    

M. longa,    .  , 

    E.coli   M. longa [18,28]  

GpLuc [34]       

  –   (Inclusion bodies, IB). 

       

 ,     [109].     

      ,   

     IB,    



31 
 

[110].  ,      

 .    ,    

   ,      

 .      

   ( )   

,        

/      

 .   ,   

  ,   :    

 ;   ;  

 . [109]  

,    ,   

   .     

    ,   , 

,       

,       ,  

  .      

      ,  

       [110]. 

       

       

     ,  , 

      . 

      

 ( , )    

        

[109]. ,    —   

   ,     

      .  
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    .  

      

  CopLucs   ,    

       

[108].  

 ,   ё     

     in vivo,  -  

        , 

        

.  ,     

  .      CopLucs  

   in vitro      .  

       

   .     

      CopLucs  

 ,       in vitro 

    ,      

       

  .       

         

,  ,    ,   

 .       

 Metridia longa       E. coli  

  -  . 
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2    

 

2.1    

 

    MLuc7  MLuc164 

    Metridia longa 

 

2.2  

 

    : 

  -     E. coli  

BL21(DE3)-CodonPlus(RIPL) (Stratagene, ) 

L-  («Sigma-Aldrich»); 

N,N,N',N'-  ( ); 

N,N'- -  («Sigma»); 

 («Bio-Rad»); 

  («Bio-Rad»); 

:  200 / ; 

 («Serva»); 

 («Serva»); 

  («MP Biomedicals, LLC.»); 

  («Sigma»); 

 («Sigma»);   

 ( , «Sigma»); 

  («Bio-Rad»); 

    («Bio-Rad»); 

 -100 («Bio-Rad»); 

 («NanoLight Technology») 

       1 
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 1 -    : 

LB-  (20 /  , 10 /   , 7,5 /  
NaCl) 

SOB-  20 /  , 5 /   , 0,6 /  
NaCl, 2,5  KCl, 10  MgCl2, 10  MgSO4 

SOC-    SOB, 20   
LB-    1,5%   LB-  
TFB  0,1  KCl, 10  CaCl2, 45  MnCl2, 10  K MES, pH 6,2, 

3  Co(NH2)6Cl3 
TGB 3 /  , 1 /  , 14 /   
ML 50  -HCl pH 7.5, 10  MgSO4, 0.5  NaCl, 0.01% 

 
  

 
MLuc  

 
S-S-  

4M -HCl, 1  , 20  T -HCl pH 8,0, 100 
  

  
 

300 M , 150 M NaCl, 10 M MgCl2, 0.02% NP-40, 5 M 
GSH, 0.5 M GSSG, 20 M -HCl pH 8.0, 0.2 M CuCl2 

  
 

 
MLuc7 

 

  : 20  BTP pH 9,3, 0,02% Np-40, 5% 
, 20  NaCl 

 : 20  BTP pH 9,3, 0,02% Np-40, 5% , 50 
 NaCl 

 : 20  BTP pH 9,3, 0,02% Np-40, 5% , 1  
NaCl 

  
 

 
MLuc164 

 

  : 20  -HCl pH 9,0, 0,02% Np-
40, 5% , 20  NaCl 

 : 20  -HCl pH 9,0, 0,02% Np-40, 5% , 
50  NaCl 

 : 20  -HCl pH 9,0, 0,02% Np-40, 5% , 
1  NaCl 

  -
 

MLuc 

20  -HCl pH 7,5, 150  NaCl, 0,02% Np-40, 5% 
, 1   

  
 

 

 : 0,5  -HCl pH 6,8;  B: 1,5  -HCl pH 
8,8;  ; 30% , 0,8% ; 

  x 2: 2% , 10% , 45  -
HCl pH 6,8, 50  , 5%   
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2.3  

 

    : 

 

2.3.1    E.coli 

 

 ,    MLuc7  MLuc164 

(pET22b+-mluc7; pET22b+-mluc164)       

      E. coli 

BL21(DE3) CodonPlus-RIPL.   0.5     ~100 

/    30     RIPL, 

  TFB,   , 

     30   0 .      

 25   42        2 .     

  5   SOC,  1   37 .  

     LB- ,    

 150 / . 

 

2.3.2  MLuc7  MLuc164   E.coli 
 

   E.coli,   

 pET22b+-mluc7; pET22b+-mluc164,   

   200   LB,   (200 

/ ),  37°C     (OD600 =1.2).   

      1 ,   

      1   37°C. 

    8000 /    10   

4°C. 
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2.3.3    E. coli 
 

   200     10   

(20  -HCl pH 8,0, 1 M )    0°C   

  «Q700 Sonicator» (QSonica) (10  x 6   

  1,5   ).    

 (14000 g, 20 ).  

 

2.3.4      E. coli 

 

,   ,    

,  20  0,9% NaCl, 20  Tris-HCl pH 8,0; 20  0,1% 

 -100 (20 ) 20  -HCl pH 8,0, 1 M .   

       0°  (10  

x 6     1   ).     

    (14000 g, 20 ). 

          

-  .  

     1  4M  

, 1  , 20  T -HCl pH 8,0   100   

     3   23°C.  

 

2.3.5   MLuc7  MLuc164 

 

      

  MLuc7/MLuc164      

 1:30,  4° ,       

.  
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2.3.6     

 

      

   0,22  (Millipore),    

Amicon Ultra Centrifugal Filter,    

   HiTrap (GE Healthcare),   .  

     Q-Sepharose    

.    MLuc7 (20  BTP pH 9,3, 0,02% Np-40, 5% 

, 50  NaCl)  MLuc164 (20  -HCl pH 9,0, 0,02% Np-40, 5% 

, 50  NaCl)   ,    

   .    

  B,  1  NaCl. ,   

 ,      

Amicon Ultra Centrifugal Filter    -  

 Superdex 75 (GE Healthcare),  150  NaCl, 1  

, 5% , 0,02% NP-40, 20  -HCl pH 7,5.   

 -    .  

 

2.3.7     
 

      

  (  «  003»,  , ), 

       

  (BLM-8812, - , ).      

   500  ML-  (0,5 M NaCl, 50  -

HCl, pH 7,5, 0,01% )  5   .   

        

(Hamilton, )  5   (1 ).  

       

   .    
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     ML-   

 0,02%   NP-40 (Sigma, ).   

   ,   

 ML- ,    1     

  (  100° ),     5   

4°     ,   .  

 

2.3.8      

 

      

    «Varian CaryEclipse» 

(Agilent, ),   «Cary Single cell Peltier 

Accessory» (Agilent, ).      

         

 .       

0,05 – 0,1 /    ,  20  -HCl, pH 7,5, 150 

 NaCl.     275  295   

   , ,  

   5 .     

   ML- ,      

  1  . 

 

2.3.9      

 

       

       

    .  

      

 «Varian Cary Eclipse»,   
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«Cary Single cell  Peltier  Accessory» (Agilent  technologies, ).  

      1 °/    20–95° .  

       0,1–0,15 

/   ,  150  NaCl  20  HEPES, pH 7,5. 

    =295 , 

    310, 330, 360 . 

   α ,    

(1) [111]: 𝛼 = 𝐼−𝐼𝑓𝐼𝑢−𝐼𝑓 ,                                                                                                       (1), 

 I –   ,   If  Iu – 

      . 

        

 (2),    α   

 T: 𝛼 T =1- 11+𝑒𝑇−𝑇0,5𝑑  ,                                                                                          (2), 

 0,5 –   (Tm), d –   

 .      

  «OriginPro 9.0» (OriginLab Corp., ). 

 

2.3.10        

  

      

    «Bio-Rad Lowry protein  assay» (Bio-Rad, ),  

 «Pierce BCA protein assay kit» (Thermo Scientific, ),   

    BSA (Bio-Rad, ).  

-        12.5% 

    (PerkinElmer, )   TGB  

   10 .     
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   (2% , 10% , 45  -

HCl, pH 6,8, 50  , 5% β- ,  )  

   3 .      

         

   β- ,      

    .     

       

(«Serva»).      (20%  

, 50% , Coomassie R-250 (Bio-Rad, ))   

.         

AlphaImager (AlphaInnotech, ). 
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3      

 

         

    Metridia longa    

     - ,  -   

  [18,28].  MLuc164  MLuc39   

         

 [18,25,28,66,99,112].   ,    

  . 

 ,    

  Metridia     

         

,       

 .      

 Metridia     Sf9   

       

 MLuc7 [24,85].      

     [108]. 

      

  Metridia    E.coli  MLuc7 

       

     ,   

      , 

   ,      

[24].   ,    

  ,    .  

      

 MLuc164       -

 .     MLuc164  

MLuc7   5-6 / . 
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3.1       E. coli 

 

E. coli       

 ,      

 E. coli   M. longa,   

 ,         

 (IB).    ,    

      

 ,  ,   .   

       

      IB.   

    (    

 )   . 

 ,       

   ,     

,  ,  ,    .  

        

 Metridia - MLuc7 (~16,5 ),        

    -    

      Sf9 [24].  

       

      -  

 ,        

    . 

         

E.coli BL21(DE3) CodonPlus-RIPL,    

pET22b+-mluc7        

;    1  . 

          

(IB)     ,  0.9% NaCl  
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0,1%  -100.       

,   , ,     

  ,      

      .   -

 ,        (  8-

1,2),           (  8-5). 

    IB      

  IB  ,      

  (  10%),     8-3.   

 0.9% NaCl  0,1%  -100    8-1  8-2 

. 

 
 8 – -     E. coli: 1, 2, 3 –   

( ), 4 –  IB  , 5 –   IB;   

   16,5  

 

3.2       E. coli 

 

    IB    

,      100    

  -   S-S .  

       

 . ,   50     

 ,        
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 70%        100  200 , 

    9.      , 

        1%,    

100  .     ,    

       S-S 

,         

.    ,     
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