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 –       
  ,     

  – ,   
 — .      , 

         
    .       

40   .     
  ,   ,  

        
, . 

      , 
   ,    
,    in vitro,     in vivo.    

      ,  
        
   . 
     :    

 ,    ,     
 ,      

. 
  -   

 – Gaussia princeps  Metridia longa     
 .   MLuc7  Metridia longa  

       , 
         . 

 MLuc7        
 .  

    Metridia longa   
  ,     -  

. ,       , 
      .  

       .   
   -    

        . 
          

 -      
   ,      

    .   
     MLuc7,  ,  

         
 . 

        -
    Metridia longa   
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 1.   
 

1.1   
 

 –      
     [1,2].    

  .       
      700  [3]. 

    :      
   .     

    ,     
.       ,  

 , ,   .   
     , , , 

, ,    .   
    .       

     .   –  
     [1]. 

         
 :   ,    , 

  ,  .  
« »  « »     

,  -  [3].    
  ,    

.       [2]. 
     : 

  . (  1)    – 
    ,    

 ,       
   [2].      

 ,   Oplophorus, ,  , 
 Renilla [1, 2, 3].     «  »,  

      -  
,   .     

   ,   
  [2, 4].     

,     Ca2 +.  
       

,  O2     .   
Luminodesmus        
Mg2 + [5].  



8 

 
 1 –       

  [2]. 
   Ca2+-    

   , ,    
   Aequorea, Halistaura (Mitrocoma), Phialidium (Clytia)  

Obelia .      
« »  ,   2-

.     
 –  .    Ca2+-  

         -
  .       

    ,     
 ,     CO2.  

       
   [1, 2, 6].   , 

          
.        

Symplectoteuthis oualaniensis,      
,     Pholas dactylus,   

   [2]. 
         

.     –  –   
      [5].   
    GFP (green fluorescent protein,  

 ).      
GFP,        [7].  
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1.2    
 

,   ,    
   .      .  

       100 . 
    Metridia longa   

         
,       .    

      [8, 9, 10]. 
  Metridia longa   , , 

        
 [11].   MLuc  GpLuc   Metridia longa  

Gaussia princeps, ,    
    ,   , 

   ,    
  ,     

. [3, 9]. GLuc    2002  [12],  MLuc – 
 2004  [9].       

  in vitro,   in vivo.    
-  [1, 2, 3]     

   ~18,4–24,3 .     
   :     , 

 N-   -      70 
 .      

    S–S     [3]. 
       

 –       ,   
   [2, 3, 9, 12,].    

   ATP [2, 3, 9, 12].  
        

 ,  2–3  ,   
        

      . [9]. 
 ,    

    ,   
    S-S- ,  

   [3].  
 
1.3  Metridia longa 

 
 Metridia longa    , 

     
  [13].       

   ,       [3, 8, 
9].       ,  
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   485  [2, 3, 9].     
      ,   

-     
   [14]. ,    MLuc 

     ,    
    [9, 14, 15].      

       
       

     ,    
 .     

      
 [15].  

     Metridia longa  
      (17-24 ) MLuc164, 

MLuc39, MLuc 2  MLuc7,      
 ,      .  

  Metridia longa – MLuc164  MLuc7   
        

in vivo,  MLuc39– in vitro [15].     
.   , - ,    
        

  [15].  MLuc7    
    (168   16,5 ).   

      Metridia longa 
   [16].   2   

  MLuc2  MLuc7     
GpLuc.  

     ,   
  , C-    

MLuc   4  , 2  , 2  
  1  .    72  80  

     .     
     MLuc7      

 –       80    
 5%     MLuc7,       

   72 – 10%.      
 .      7   
    12   MLuc7.   
       [14]. 
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 2 –     

GpLuc, MLuc2  MLuc7.     
 ,      

,    -  .  
      .  

       , 
  Cys   .  

    GpLuc   (Repeats 1 & 
2).  ,   ,  

,     ML164M5 
 MLuc164.  N-    

       
    [17]. 

    in vitro     
   .    

    Escherichia coli.   
      , 

,   .   
    . , ,  

       
 Sf9,      .     

     .   
  ,      

      ,   
  .  ( ,  MLuc164 

 MLuc39)         E. coli  
 6   .     

 ,   ,  
  .  ,   
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  - ,  MLuc7    E.coli 

   .      
        . 

        
 7,3-7,4.       

   ;   
   15 .       

  70%       
100    .       

    4     [15, 18]. 
     MLuc,  

MLuc2.        
 Metridia longa,   5   1  NaCl.   MLuc7 

    12-17   0,5  NaCl.   
       .   

    54-64%,    
       

Metridia longa.   ,      
          

.  MLuc2      
        – 

    Spodoptera frugipedra Sf9. 
MLuc2     , 

 ,   ,    
     . [16]. 

 MLuc     
    .   

 ,       
  –  –  .    
,      ,   
,     . 

 
1.4     
 

      
in vivo.   –   

 ,     
,      

         [19].  
       

     .   
     ,    

,       
    .    
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:       

 , , .     
  ,       

 .          
    [2, 19, 20,21].   

       -  
   .     , 
      [17]. 

      
      ,    
   . 

       
    .      

    : -
  - . , -     

 ,     
  .  – ,  

   . -   ,    
     ,    

 -    .    
  ,    [6].  

     ,  
 ,     ,  

- ,   , -   
     BRET (bioluminescence resonance energy 

transfer),       ,  
 ,     [19, 20].  

BRET -  ,       
, ,  Renilla reniformis  Aequorea victoria. 

        
     ,  

          
  (GFP) ( ), ,   ,  

 .      , 
          . 

        
 . [22]      

       
     ,  

      . [23]  
     

   .      
        , 
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,    ,    
.     -

     [20]. , ,   [24] 
      - Mcl-

1.   ,    
 Mcl-1– .       

    CUGBP2,    3'-
  (3'-UTR).  

       
 .    
 ,    ,  

 .       (VP16-MyoD  
GAL4-ID),     -  ,   - 

 ,      
.       

 MyoD  ID.    
       

    . [20, 25]. 
 ,   ,    

       .  
     ,  

   ,     
 -  .     

  N-  -   ,   
     .  

       .  
   N-  -      

 ,     .  
       
,        [26]. 

      
  in vivo.       

  Salmonella typhimurlum,   
 .    

     ,   
  in vivo [27].    

     [20] 
   Luciolamingrelica    

(His6–SA–Luc)     . 
      

 . ,    His6-SA-
Luc        

-      
,       
    .   
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-        
,  -   [28, 29]. 

      
  ,    ,     

 .      
 ,  ,  , 

   Renilla reniformes,  , 
    Cypridina ,  
  Oplophorus,   GLuc  MLuc [3, 20]. 

 
1.5  MLuc    . 
 

  –   ,   
        

,        in vivo 
,          

   ,    .  
Metridia longa      . - ,  

,         
 . - ,   ,  
     . -

,         
     ,  

,   ~5 , ,  ,   
       

     (5 )  
     .  - ,  

  ,    , , 
 Vargula [3, 8, 9]. 

     MLuc.   [30] 
      miR-15 / miR-16, 

      BCL-2. 
    MLuc    3’-

  (3 UTR),    .  
      .  

      miR-155,   
     ,   - , -

,  [31].      Mluc 
        

          
.        .  

  [32]       ,  
  MLuc7,   Topanga,    

CAR  CAR-T-   (Chimeric Antigen Receptor T-Cell,  T-
    ).    
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 ,   ,  
    CAR-   
.    ,  CAR,  

 Topanga,     . 
 MLuc7     . 

 ,    [33],    
  -   ,    

           
     . 

     :  
    .  

   , ,  
,      

      ,    
     . 
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 2.    
 

2.1 -   QCSDM:  ML7  -
 

 

   mluc7     
«Quick Change site-directed mutagenesis kit». (QCSDM), «Stratagene».   

   pET22b-ML7 (200 / ),   . 
       

: 
838dL7-16Xh5: 5’-GTGCAAGTTTTGCTGACTAATGACTCGAGCACCC-

3’ –   QCSDM  XhoI    TGA -
   -   mluc7  16  
  

839dL7-16Xh3: 5’-GTGGTGCTCGAGTCATTAGTCAGCAAAACTTGCAC 
-3’ –   QCSDM     16 

   mluc7 
840dL7-18Xh5: 5’-GACAGATGTGCAAGTTTTTAATGACTCGAGCACCA 

CCA-3’ –   QCSDM  XhoI    TGA 
-    -   mluc7  18 

   
841dL7-18Xh3: 5’-TGGTGGTGCTCGAGTCATTAAAAACTTGCACATCT 

GTC-3’ –   QCSDM     18 
   mluc7. 

842dL7-14Xh5: 5’-AGTTTTGCTGACAAAATTTAATGACTCGAGCACCA 
CCA-3’ –   QCSDM  XhoI    TGA 

-    -   mluc7  14 
   

843dL7-14Xh3: 5’-TGGTGGTGCTCGAGTCATTAAATTTTGTCAGCAAA 
ACT-3’ –   QCSDM     14 

   mluc7. 
    20 .   -  

 15.2   , 0,5  , 2  QCSDM 
, 0,8  20   (dNTP), 0,6  

3' , 0,6  5'   1  PfuTurbo-  (2,5 U/ ).  
  16   .  

      1. 
 1 –      

  
,  ,  

95 30 
94 14 

16  55 30 
68 60 
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 -   1%  .   

      0.5  DpnI.  2  
 37° . 

 
2.2 -     mluc7 
 

   mluc7,   Mluc7,  
       .  

    pET22b-ML7 (200 / ),  
 .        

.  
857dL7-20Xh3: 5’-AGTCTCGAGTCATTATGCACATCTGTCTGGCAG-3 – 

3’-    XhoI    TGA -
  -  ML7-C20 –   mluc7,   20 

  20  - . 
T7pro: 5’-TAATACGACTCACTATAGGG-3’ T7  , 

 . 
  -   50 .   -  

 40   , 100   (    
 200 /    0,5   ), 5  10  Pfu , 0,5 

 20   (dNTP), 1,5  10   
3' , 1,5  10   5'   1  PfuSE-  (5 
U/ ).  

  17   .  
      2. 

 2 –   -   
  

,  ,  
95 45 
94 20 17  
51 30 
72 60 
72 360 

 
          

 -   1%  . 
 
2.3  -   1%   
 

   -   1% 
    50.     0,04  ris-HCl  8,0, 

0,02  EDTA,  8,0        – 
 ,  2,5   100   12,5   500  . 

        5 .   
     ,   .  
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      :  
  , 0,5      
   .     
  : 100 bp DNA Ladder  1 kb DNA Ladder (NEB, 

)   2 .    100 .  
        

  .    
       . 

        
 AlfaImager HP System (Protein Simple, ). 

 
2.4     mluc7 
 

     mluc7  
    ( , , , 

)       
   QIAquick PCR Purification Kit (QIAGEN, ).  

   PB   5    1 . 
   Vortex Genie 2 (Scientific Industries, Inc., ).  

        , 
  ,       

 (14000 / ),     .  
      500    PE, 

   3 ,   ,  
   .  ,   ,  

  250   ,   ,  
   .  

   1,5     
.  1,5    .    50 

   EB,      . 
  3 ,      . 

 
2.5     mluc7 
 

    mluc7   
   NdeI (NEB, 20 U/ )  XhoI (NEB, 20 

U/ ). 
    :  50  

         6 , 
  : 7  NEB2 10  1,4  BSA 50.   

  2  NdeI  4  XhoI.  
      37    2 

. 
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2.6  -   1%   
 

 -     
     .  
  1%     50    

.         .    70  
 ,    40    10  
 .    40 .  

 
2.7      
 

          
,      .     1  

 12,5     500     20 
.        

AlfaImager HP System (Protein Simple, )    ,  
    .    

             
  . 

        QIAquick Gel 
Extraction Kit  (QIAGEN, )    . 

          
   QG,      . 

        , 
   Vortex Genie 2 (Scientific Industries, Inc., ). 

       .  
         , 

         
,  .  500   QG,  
,     ,   500  

  PE,  3 ,   
 ,  .  250   PE   

.    ,  
   1,5      30  

 EB.  5 ,    .  
  -     

 ,     3 ,   100 
bp DNA Ladder  1 kb DNA Ladder (NEB, )    2 . 

 
2.8        

pET22b+ 
 

         
 mluc7    pET22b+   . 

   .   -   14 
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  , 2   4-LigBufx10, 1   
pET22b+(100 / ),    Ndel  hol  

     ,  0,5  4- -
(2000 U/ ).       

  mluc7   6  (2 / )    16   
   12 .    

    64        
 10 .      

E.coli  BL21-CodonPlus(DE3)-RIPL  XL1-Blue. 
 
2.9    E.coli  
 

 E.coli     6  LB-     
 37   -    225 / .  250   

     50  LB-   20   MgSO4. 
   -       

   OD600=0.6.      
 15 ,     2   

     3500 /    3   
4 .       700   

  TFB   ,   
   ,   15   ,  

     .     
 200   TFB. 

  TFB: 10  KCI, 45  MnCl2x4H2O, 10  CaCI2x2H2O, 
3  [Co(NH3)6]Cl3, 10  K-MES, pH 6,2 

 
2.10   E. coli  
 

    BL21-CodonPlus(DE3)-RIPL  
XL1-Blue  50     0,5  .  

 ,       30 .  
    heat-shock:    

 ,   42 ,  25 ,      
   2 .       SOC-

   1      37 . 
  SOC   : 2% , 0,5% 

 , 10  NaCl, 2.5 KCL, 10  2  MgCl2, 10  MgSO4, 
 20 .  

        
LB-   40     .  

  LB-  : 1% , 0,5% 
 , 130  NaCl, 1,5% . 
        

  ,        
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   .      
   37      .  

 
2.11        

QIAGEN 
 

       
         

 QIAprep Spin Miniprep Kit . 
   6   LB- ,  ,  

  OD590 = 1.5  37°    . 
    8000 /  2 . 

 ,     500   P1  
 .   500   2 (lisis solution)  

 ,    700   N3 
(neutralization buffer).  10    . 

       . 
   4   .   

500   PB.    1 ,  1   
 .     500   PE. 

    3 ,      
   .     PE,   

 250 .  3-   ,  2   
 .     200  70% 
.    3    . 

       1.5     
10 .      80     1  EB. 

 3    2 . 
      -

  1%  .     1 , 
  1 kb DNA Ladder (NEB, )   2 . 

 
2.12     mluc7 
 

      mluc7, 
   MLuc7,     

   « »  ,  . 
 
2.13  MLuc7       E. 

coli  BL21-CodonPlus(DE3)-RIPL 
 

       6   LB-
    200 / .    -

   37 ,  225 /  . 
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      20  LB-   40  
 (   200 / ),     200  

   (  1:100).  
    -       

   OD590=1-1,3.    
2,5 . 

        
  .    2   . 

        
  20  1   ( ),  

  -       .   
   . 
       3 :  

1) 500      . 
 5000 /    2     . 

    x2  ,  100   
     . 

2) 500      . 
 5000 /    2     . 

   (20  -HCl pH 7.0, 2  EDTA)    100  
     . 

3) 2        
.  5000 /    2 ,    

.        100  
     . 

        
10%  SDS, 10   DDT, 20%  , 0,2  

 Tris-HCl  6,8, 5   . 
        

   ML    0,02% NP-40 
ML      .  
    : 50  Tris-HCl pH 7,5, 500  

NaCl, 10 M MgSO4, 0.01%  
 
2.14   E. coli  BL21-CodonPlus(DE3) – RIPL 
 

     -2T 
( ).   :   22 ,  – 3-5 

,    – 15 . 
  ,     . 

        8000 
/    5      .  
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2.15      ( )  
  

 

        
   E. coli BL21-CodonPlus(DE3)-RIPL    

      ,    , 
.       

. 
       

  12,5%     .  
 -   ,    .  
  ,     , 
         . 

   ,   .  
  15 ,   .  

    -  , 
  4 :  50      150  

 .   -     
  25   Tris-HCl, 200   , 0,1% 

 SDS 
  :       6 ; 

 ,      6 ;  
(  )     12 ;    

   6 .    3 . 
    The PowerPac™ (Bio-Rad, ), 

,        
 ,     .     
      Hamilton (Hamilton Company, 

, ),        
.    250 .  

      ,  
         80   30 

.      9%   2 
   10-15 .      
    AlfaImager HP System (Protein Simple, ). 

      : 
1. - : 500  , 5  TEMED, 10  PSA. 
2.   (12,5%): 769   , 1407 

   (Tris-HCL, 1 M, pH 9.0), 1500  , 37,5  SDS, 7,5 
 TEMED, 15  PSA. 

3.  : 500   , 250  
  (Tris-HCL, 0,5 M, pH 6.8), 150  , 20  SDS, 5  

TEMED, 10  PSA 
4.  
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2.16      
 

        500 
 ML-       ThermoMixer C (Eppendorf, 

)     .  
      

-003 (  , )   5 , 15   23 .  
  5  .      
  5   1  .  

       
   .       

. 
.
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 3.  
 

3.1     MLuc7. 
 

      
Metridia longa     MLuc7,  

 .        
     4, 8  12   -   

MLuc7 ,     .  
  -      

    MLuc7    C-  
.       mluc7,   3'-
.         

QCSDM (QuikChange Site-Directed Mutagenesis)    
pET22-MLuc7-WT   .      

,    14, 16, 18  20   
 MLuc7-C14, MLuc7-C16, MLuc7-C18  MLuc7-C20 

.        
       MLuc7-C12,   

  12 ,       
[34]. 

       
     1%   (  3). 

    5 ,     –  
 1 .      

    MLuc7-C14, MLuc7-C16  
MLuc7-C18.  

 
 3 –    

  mluc7.  : 1 –  MLuc7-C16.   1  



27 

1kb    NEB.  : 4 –  MLuc7-C14; 1 – 
 MLuc7-C18; ML7 –  p22-ML7 MLuc7. 

  MLuc7-C14, MLuc7-C16, MLuc7-C18 
   E.coli  XL1-Blue  heat-shock  

   .   
        LB  

   37 °      
.       .    

   MLuc7   ,    
  ,      

  .       
     QIAGEN. 

 MLuc7-C20,    -   20 
    mluc7,    PCR-

      . 
    mluc7.     
  -   1%   ( . 4 ). 

   -    QIAGEN-PCR.  
      NdeI (NEB)  XhoI 

(NEB).         
 -   1%  .    

     QIAquick Gel Extraction Kit (QIAGEN, 
).      -  

        ( . 4 ).  

 
 4 –    MLuc7-

C20.  :  - .   1 –  . 
  1  100kb    NEB.  : 

    . 1, 2  3 –   . 
  1  100kb    NEB. 
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   pET22b+ (NdeI, XhoI),      

   ,       
       – ori  f1 origin.  

       E. coli 
 XL1-Blue  heat-shock.       
   LB  ,   

 37° .      6-   
     QIAGEN.   

    NdeI  XhoI   
   ( . 5)    

     1  6. 

 
 5 – ,      
     pET22b+   MLuc7-

C20.     2 :    . 
   ,   MLuc7-

C14, MLuc7-C16, MLuc7-C18  MLuc-C20     
     .  

       1% 
  (  6).     2 .  , 

    MLuc7-C16     2-  ,  
 16-1  16-2 (  6 ).   2   

MLuc7-C20: 20-1  20-6 (  6 ).     
,          

 - . 
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 6 –   ,   

mluc7. ) 11  12 –  MLuc7-C16,     . ) 4  
5 –  MLuc7-C14  MLuc7-C18, . ) 1  6 –  MLuc7-C20, 

     1  6.     1  
1kb    NEB.  

   ,    
 « ».     

.     
    Chromas 2.5.1    
 (  7).     

-16 1  -16-2,   , ,     
    16.  20-1  20-6, , 

.    20-6   , 
         

.   -    
   8. 

 
 7 –      Chromas 2.5.1. 

 
 8 –   -   

 MLuc7.    ,   
     .  
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   .     
 ,   –    .  

 

3.2    . 
 

     ,  
 2  .      

       Е.coli   
.     ΔML7,   
        

     12% .    E. coli 
 BL21- odonPlus(DE3)-RIPL,  , 

 ,     
  MLuc7 (MLuc7-C12, MLuc7-C14, MLuc7-C16, MLuc7-C18 

MLuc7-C20 (1), MLuc7-C20 (6)  MLuc7-WT)  .   
    N-    MLuc7.  

 MLuc7-41I   41 , 37L – 37 , 
32G –  33   28G -  28  (  9).  

         
  [34].  

 
 9 –   N-   

 MLuc7.     . 
       

 LB   .    
  -      

.     1   –  
( ),    ,  

 .      
        3.   
 (OD)   λ=500. 

 3 –     , 
   MLuc7,       

 . 
 C20 (1) C20 (6) C18 C16 C14 C12 WT 41I 37L 32G 28G 

OD  
 

10 11 14 12 12 11 12 11 12 12 11 

OD  
  14 14 17 16 16 15 17 15 15 16 14 
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     E. coli  BL21-
codonPlus(DE3)-RIPL      

 .      
  – MLuc7-WT.     –  , 

  p22-ML164,       
 .     

     MLuc7,   
   :  ,   

        
  (  10  11).  
 ,        

  .      
 ,    ,    

   ,     .  
,        

 E. coli.     . 10  11    
        .  
        
 .        

        
         
   E. coli      
 .        

  (  ),       
    . 

 
 10 –   MLuc7,    

E. coli  BL21-CodonPlus (DE3)-RIPL.    
         (cell),  

      (pel)  
        

(lys).   ) 1, 2, 3 – MLuc7- 16; 4 –  , 
MLuc164     ;   5, 6, 7 – MLuc7- 12;  

 8, 9, 10 – MLuc7-WT.   )   MLuc7-
C18 (1,2,3);  MLuc7-C14 (5,6,7);  MLuc7-WT (7,8,9).  4 
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    (NEB)  ё  6 .  
    12 ,    6 .  

  .      
   ,         

. 

 
 11 –   MLuc7,    

E. coli  BL21-CodonPlus (DE3)-RIPL.   
         

:  E. coli  BL21-CodonPlus (DE3)-RIPL,   
 ; MLuc7-C20 (1); MLuc7-C20 (6); MLuc7-C18; MLuc7-

C16;    (NEB); MLuc7-28G; MLuc7-32G; MLuc7-37L  
MLuc7-41I.    .   , 

     . 
 

3.3     
 

      
  MLuc7      

 MLuc7-WT,      , 
   E. coli  BL21-CodonPlus (DE3)-RIPL,   

 .    ,  
 ,    .    
   .    
    ,   

     .   
  5, 15  23°       

         
 .      

12  13. 
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bp –    
dNTP –   
GFP –    
GLuc (GpLuc) –   Gaussia princeps 
kb –     
MLuc –   Metridia longa 
OD –   
U/  – ,     

 – .  
 – . 

 –   
 – , 1000  
 – , 1000 . .  

 – ,    
 – , /  

 –    
M – , / , 10-3  

 – , 10-6   
 – , 10-3  
 – , 10-9  
/  – ,    
/  - ,    
 – , 10-9  
/  – ,    
. . –     

 –    
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