
   
  

  
«   »  

     
  

 
 

 

 

 

  

______  . .  

« _____»   ________  2020 . 

 

  

 

03.03.02  
 

03.03.02.07   

      щ  

     

 

 

      ________  ,    . .  

                                  ,   

 

         ________                                                                  . .  

                                  ,   

 

 

 

 

 

 

 2020 



 

 

«       

        

.» : 28 , 8        

, 21  . 

:        

       

. ,       

,         

, ,        

, .         

, -      

, .         

,        

,       

.       

        

   

NAD(P)H:FMN– –    

,        

    . 

 

  

2 
 



 

 

4 

1.  ………………………………………………………………6 

1.1     5 

1.2    8 

1.3      

10 

1.4     12 

1.4.1   12 

1.4.2.      

NAD(P)H:FMN-   14 

2.   17 

2.1 17 

2.2 17 

3.   19 

3.1      

   (R+L)    

        

. 19 

3.2.        NADH    

   (R+L) 22 

27 

  28 

 

3 
 



 
 

       

,       

[1].      

      

        

: NAD( )H:FMN- (R) - (L).      

       

(R+L)        

[2].  

      

     

,         

(L+R) ,        

        

,         

. ,       

,        

     .  

:        

       

. 

 : 

1.      

(R+L)       

       

 . 

4 
 



2. (R+L)     

         

 , NADH. 

  

5 
 



 

1.   

1.1    щ   

 

,         

, ,        

, .        

,       

- ,       

.        

,       

       

 . 

,       

.         

        

        

 ,     . 

        

.        

         

         

,         

. 

      

,      

       

. ,      

, ,           
6 

 



, , ,          

.       

ё        

   . 

200         

       

. ,        

       

, .          

        

:       

? ,       

       

, ,           

. ,        

          

. :          

,       

[4].      

. ,          

-       

         

.        

, ,          

,       

      

,        

.         

- ,       

( ., 1987).          
7 

 



:      

Scenedesmus quadricauda, Chlorella vulgaris,      

Escherichia coli, ,      

 Paramecium caudatum,  Poecilia reticulata Peters. 

 

1.2     

,      

       

. ,        

, ,        

,          

. ё      

. ,        

          

           

.        

    ,  : 

1) (     

); 

2) , ,       

(      

);  

3)       

  ( ) [11-15]. 

,        

      

( )      

.      

         
8 

 



,        

.      

,      

, ,      

.       

,   [16]: 

    ; 

1)     ; 

2)       

 ; 

3)      ; 

4)   ; 

5)   ; 

6)    . 

, ,      

        

,       . 

, ,       

,         

1979 . Vibrio fischeri,          

, 10%        

,        

. ,        

, .         

 . [4] 

      

- ,         

490 .        

;        

9 
 



, ,         

         

[17].     

,     

    .  

       

,         

        

  . 

 

1.3      

 

        

  :  

1. ,        

, ,        

(Khromechek et al., 1996).  

2.        

      (Kratasyuk, 1990) 

3. - ,         

, -       

-  ( , 1994). 

     

, ,         

, – ,          

       

.  

,      

       
10 

 



,      

     

    

,      

. ,           

       

. (2009)         

,      

-       

. ,       

( ),      

,       

     

(Koksharov and Ugarova, 2011; Lomakina et al., 2006;)           

      

,      

( , ,      

).     

. ,         

,       

( .,         

2000; ., 2005; ., 2006).           

     

Escherichia coli ( , 2001,          

, , 2008).         

,        

       

70 %, - 5-10 .             

      

, ,     
11 

 



–         

,        

(      

 ). 

 

1.4      

1.4.1    

       

.         

,        

.         

. [6]      

       

, ,      

.      

,         

,           

 . 

, ,      

.       

       

.      

    : 

1)        

,      . 

2)         

   . 

12 
 



3) ,        

      

 . 

4)    . 

       

   ,  :  

1)    

2) (      

     ) 

,       

, , ,        

,          

.        

         

.      

,         

. , ,        

      [7]. 

,      

, , ,      

, , , . .,           

.       

,          

,       

, ,         

.          

, ,       

       

 .  
13 

 



-         

      

.       

[8] ,         

-      

. ,          

, , -         

; ,     

-      

[8]. 

 

1.4.2.      

NAD(P)H:FMN-    

         

« », . « »       

    

NAD(P)H:FMN-        

NADH.         

.       

: ,          

. ,          

    

« ».      

NAD(P)H:FMN- ,     

. 1          

NAD(P)H:FMN-     

,          

. ,         

14 
 



      

NAD(P)H:FMN-       . 

 1 -     NAD(P)H:FMN   

,      . 

 

 

,      

, 17%,          

60%.        

. ,         

, -      

,        

NAD(P)H:FMN- .       

,          

,          

. [20] ,          

« » 18 20 .          

,         

.          

      

       

15 
 



,       

 -  4° .  

   

NAD(P)H:FMN       

       

:        

2- , – .             

,         

. ,          

,        

NAD(P)H:FMN      

,      

     

         

        

 . 

- [10]       

,       

NAD( )H:FMN- -    

. ,         

,       

. ,          

,          

. ,       

,          

         

       

. 

  

16 
 



2.    

2.1  

       

       

, : NAD( )H:FMN-      

,         

, NADH.          

: ( 14) (“Merck”, ),      

, ( 10),       

( ),      

E.coli NAD(P)H:FMN - Photobacterium       

leiognathi,     

( ).         

0,5 / , 0,15 . NAD(P)H:FMN - .       

0,05 -          

pH 6,8. 

 

2.2  

:      

, 50 0,0025 % , 50 5·10-4 FMN, 200             

0,05 , 200 4·10-4 N D .           

.         

L+R, L+R+ ,          

L+R+NADH,        

.       

GloMax 20/20, Promega.       

NADH-FMN- -    

17 
 



      

  – I.  

      

XCEL («Microsoft», ).       

.       

      . 

  

18 
 



3.    

3.1      
(R+L)       

       

 . 

 

,      

, 8          

16 [4].         

   (14  ) [18]. 

        

,        

,      

(L+R) .         

( 10), ( 12), ( 14). ,         

        

- .       

     ( 10)   ( 14). 

(L+R)      

: NADH        

,     

  . 

      

(L+R) ( 14)        

( 10) ( 3). ,        

(L+R) 50 10,9         

/ .        

      

 50  59,1 / . 

19 
 



,         

      

.       

       . 

      

      

,       

       [19]. 

 

 1 -       

(L+R)    

 

20 
 



 2 -       

(L+R)    

(L+R)       

,         

      

,     

. NADH 1,6· 10-6 .          

18%,         

  11%. (  3) 

 

 3 -      (L+R) 

     

(L+R)       

        

   (  4).  

21 
 



 

 4 -      

 (L+R)         . 

 , 50%     

       

 32 /   ,    500 / . 

, ,       

NAD(P)H:FMN - -      

,         

        

  . 

 

3.2.        NADH  
     (R+L) 

 

, ,       

(R+L)       

NADH , .         

(R+L)      

   .  
22 

 



         

      

(R+L),       

NADH        

    (  3).  

        

.         

        8 0 . 

 

 
 5.       

(R+L),    ,   . 

 

, , (R+L)        

NADH, .       

40 % 7 .           

, (R+L)      

, 7 25 %. ,           

      

NADH:FMN- (100 %)       

 14  .  

23 
 



, ,       

(R+L),        

NADH ,       

    NADH.  

,        

  (R+L),    .  

6        

(R+L), ,       

  . 

,         

. ,          

,       

(R+L) NADH , -         

,       

NADH:FMN- . 2        

( max)        

.       

20%.  

 

24 
 



 6 -      (R+L), 

   ,   . 

 2 -         

(R+L),     

 max,   

L+R 200 

L+R+C14 50 

L+R+NADH 170 

L+R+C14+NADH 25 

 

, ,        

        

, ,         

. ,        

,     

NADH:FMN-        

. ,           

, ,        

,        

, NADH.        

, (R+L)      

NADH ,        

FMN          

          

, ,         

NADH:FMN- . , ,        

FMN        

 . 

25 
 



       

NADH          

NADH:FMN-       

.          

,         

 .  

 

 

  

26 
 



 

 

1. (R+L)       

NADH        

(R+L) NADH        

1,5 10,9 59,1 /           

.        

,          

 . 

2. NADH        

    

NAD(P)H:FMN- -     

. 7        

  60 %. 

  

27 
 



   
 

1. Roda, A., Pasini, P., Mirasoli, M., Michelini, E., Guardigli, M.          

Biotechnological applications of bioluminescence and chemiluminescence.      

TrendsBiotechnol. 2004;22(6), 295-303. 

2. . ., - . ., . .,       

. .      

  . – . – 2015. – . 461. – №4. – . 472–475. 

3. EsimbekovaE.N., KondikA.M., KratasyukV.A.   

Bioluminescentenzymaticrapidassayofwaterintegraltoxicity. –  

EnvironMonitAssess. – 2013.  – V. 185. – I 7. – P. 5909–5916. 

4. . . , . . , . . , . . ,     

. . , . . , . . , . . ,    

. . . . .1. .    

, , 2002 

5. , 1997; Loon, Hermens, 1995. 

6. Sirisha, V. L. Chapter Nine - Enzyme Immobilization: An Overview          

on Methods, Support Material, and Applications of Immobilized Enzymes // V.L.           

Sirisha, A. Jain, A. Jain. - Advances in Food and Nutrition Research. –V: 79. -               

2016, P: 179-211. – URL:     

https://www.sciencedirect.com/science/article/pii/S1043452616300377 

7. Flores-Maltos, A., Rodrı´guez-Dura´n, L. V., Renovato, J., Contreras,        

J. C., Rodrı´guez, R., & Aguilar, C. N. (2011). Catalytical properties of free and              

immobilized Aspergillus niger tannase. Enzyme Research, 2011, 768183.        

http://dx.doi.org/10.4061/2011/768183. 

8. Matto, M., & Husain, Q. (2009). Calcium alginate–starch hybrid         

support for both surface immobilization and entrapment of bitter gourd          

(Momordica charantia) peroxidase. Journal of Molecular Catalysis B Enzymatic,         

57, 164–170. 

28 
 

https://www.sciencedirect.com/science/article/pii/S1043452616300377
http://dx.doi.org/10.4061/2011/768183


9. Malhotra, D. B., & Chaubey, A. (2003). Biosensors for clinical          

diagnostics industry. Sensors and Actuators. B: Chemical, 91, 117–127.  

10. Hasan, F., Shah, A. A., Javed, S., & Hameed, A. (2010). Enzymes             

used in detergents: Lipases. African Journal of Biotechnology, 9, 4836–4844. 

11. R. Boluda, J.F. Quintanilla, J.A. Bonilla, E. Sa´ez, M. Gamo´n,          

Chemosphere 46 (2002) 355. 

12.  T. Reemtsma, A. Putschew, M. Jekel, Waste Manage. 19 (1999) 181. 

13. T. Reemtsma, O. Fiehn, M. Jekel, Fresenius J. Anal. Chem. 363           

(1999) 771. 

14.  L. Guzella, Chemosphere 37 (1998) 2895. 

15.  B. Brohon, R. Gourdon, Soil Biol. Biochem. 32 (2000) 853. 

16. A. Kuczyn´ska, L. Wolska, J. Namies´nik, Zastosowanie biotesto´w         

w badaniach s´rodowiskowych. W: Nowe horyzonty i wyzwania w analityce i           

monitoringu s´rodowiskowym. (Praca zbiorowa pod redakcja˛ J. Namies´nika, W.         

Chrzanowskiego i P. Szpinek), CEAM, Gdan´sk, Poland, 2003, p. 667 (in Polish). 

17. A.R. Fernandez-Alba, M.D. Hernando Guil, G. Dı´az Lo´pez, Y.          

Chisti, Anal. Chim. Acta 451 (2002) 195. 

18.  (Ulitzur S. and Hastingst J. W., 1979). 

19. . ., . .,       

    , (2007). 

20. . . , . . , . . ,       

-     

: - -      

, (2007). 

21.  Kratasyuk VA, Kuznetsov AM, Gitelson JI (1997) Bacterial 

bioluminescence in ecological education. In: Hastings JW, Kricka ZJ, Stanley PE 

(eds) Bioluminescence and chemiluminescence (molecular reporting with 

photons). Willey, Chichester, pp 177–180. 

29 
 



  


