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Anabaena variabilis

Brevibacterium flbidum
Bac.ameloligutfaciens H

Bac.aneurinolyticus
Bac.caldolyticus

Bac.globigii
Bac.globigii

Bac.stearothermophilus ET
Caryophanon latum L

Diplococcus pneumoniae
Deinococcus radiophilus
E.coli, 

 Eco RI
E.coli RY13

E.coli

-3
/( )1 )- -3

-3
2 -3

-3
-3
-3
-3

-3
NNNN3/N -3

-3
-3
-3

-3
-3

-3
-3
-3



78

Fsp I
Hae II
Hae III
Hha I

Hinc II
Hind III

Fischerella specits
Haemophilus aegyptius
Haemophilus aegyptius

Haemophilus haemolyticus
Haemophilus influenzae Rc

 E.coli, -
Hind III

-3
-3

-3
-3

-3

-3
Hinf I
Hpa I
Hpa II
Kpn I
Mbo I
Mbo II
Mlu I
Msp I
Nco I
Nde I
Pst I

Pvu I
Pvu II
Sma I
Spn I
Xba I

Haemophilus influenzae
Haemophilus paraingluenzae
Haemophilus paraingluenzae

Klebsiella pneumoniae
Moraxella bovis
Moraxella bovis

Micrococcus luteus
Moraxella species
Nocardia carollina

Nesseria denitrificans
E.coli, 

 Pst I
Protens vulgaris
Protens vulgaris

Serratia marcescens
Streptococcum pneumoniae

Xanthomonas bardii

-3
-3

-3
-3

-N/ -3
(N)8/-3

-3
-3

-3
-3

-3
-3
-3
-3

-3
-3

: 1) 
; 2) ,  – , 

; N – ;  – ;
(N)8 – , .

 3 
 (

).
 –  (Alu I  Arthobacter luteus),
 -  (EcoRII  E.coli),
 -  (EcoRI  E.coli).
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Alu I 

, EcoRII  EcoRI 
 ( )  

 “ ” .

RMS- ,  RMS- ,
 ( ) . 

,  

 R2M2S); 
, 

 RS  MS. 
, 

, ,

 ( ),
 in

vitro.  ( , 1, 
2R MS) .

, , . 
.

, 
. , 

 (  E.coli -12),  R  SV-40;

:  Alu I –  50, 32;  Bam HI - 5, 3, 1;
 Bal I – 15, 17, 0;  Hind III- :6, 11, 6;  Mbo I -50,

50, 6 . 
 (Alu I, Bal I, Dpn I .)  “ ”

 (Aat II, Acc I, Ava I, II, Bam HI
.)  “ ” :
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                                        Hinc II
-  -

· · · · · · · · · · · · · · · ·
· · · · · · · · ·
· · · · · · · · · · · · · · · ·

-  –-
                                    Hinc II

·

-                       -
· · · · · · · · · · · · · · · ·
· · · · · · · · ·
· · · · · · · · · · · · · · · ·

-                       -
 “ ” 

Hind III
-

· · · · · · · · · · · · · · · ·
· · · · · · · ·
· · · · · · · · · · · · · · · ·

        - -

Hind III
  -                                -

· · · · · · · · · · · ·
· · · · · ·
· · · · · · · · · · · ·

 -                                 -
 “ ” 

. palindrome – , ,
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) – , 
:

 (10 
) , 

, , 
.

, , 

.

. 
: 

, .
,
.

, 
, . 

, 
.

 ( . 
. - 

).
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 –
 4-6 

 ( .2.1). ,
. 
, 

. 
. 

. 

, 
. 

, . 

.
. 

, , 
, ,  - .

, 
. 

. 
 (

). 

.
 (  1987), 

5000 .  – .
. 

2100, 1400, 1000  500 ., 
 2500, 1300  1200 . ( .2.5).

. 
, 

. 
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. 
, 

 ( ),  
. , 

, .

.2.5. 
, 
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, 
. , “ -2100” 

2100 ., 
. 

. 
 1900 .  200 .,

, ,  200 .

 1900  .  
 ( .2.6).

. 2.6. 

.

-2500  
 1900 .  600 ., 

 1900 . 
– . , 

 ( -2100 -2500), , 
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,  1900 . 
.

, 
, 

, , 
, 

. , 
 ( ) ( .2.6), 

. 
 - 

. ,  1900 . 
-2100 ,

-2500 . 
-2100 –2500

,   200  .  
 1900 , 

,  600 . - .
,

.

, 
 200 . .  200 

-1200 ,
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100 . .  600 . 
-1400 . 

 800 .
. :

. 
1000  .,  -1200,  

-1000. 
-1000, 
.  ,  ,

 1000 ., -
 -  12000 .

 800 . 
-1300 . ,

 500 ..
-500, 

.
, 

, . 
,  5000 . 

, 
, 

 ( . 2.7).

 (  300 .). 
,

, 
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. 
. 

, 
.

.2.7. 
, 

.

, 

,  
 ( . reparo-

) . , 
, , 

, 
; 

.

. 

, 
. 

. 
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:  ,  
; 

.

, 
.  ,  

,  ,  ,  

.
 “ ” ,

. 
:

1) ;
2) , 

;
3) , 

;
4)

.
:

1. .  ,  
. 
. 

.
2. . 

.

, 
, 

, 
. , 

. 
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.
, 

, 
. 

,  
.

, ,

,  in vitro 
, 

. 
. 

 S- . 
. 

. , 
Xeroderma pigmentosum (

, ) 
,  -

. 
,
,

. 
, 

, 
. , 

 ( ) 
 ( . aberation – ), 

,  
.
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2.3. - 
, 

, , 

,  ,  ,  
. 

, 

- .
 E.coli -

. 

, . 
 1000 

 100 .
, , .  60-
 E.  oli  –

, 
 1000 . 

, 
, 

, 
. .

 5% -
.

. 
 15  

. , , 

. 
. -

-,  -  -
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. 
.2.2.

,
, .

 ( )   Ori  ( .
rigin- ) – ,

, Ori C  E.coli ( .2.8).
 2.2

- ,

109 - )  5
 3 ;

) 3 ;
) 5

120 -“- ;
250 - )  5

 3 ;
) 3 ;

110-120
 ( -

)-80%
45 1

60 -“- -
 – 2-15%

 240-600 ., 
 Ori,  ,   –

,
. 
. 

 ( ),
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 ( ) 
 ( ).

, 
, . 

 ( . segregatio - )
. 

,  – . ,
Ori ter ( .
terminalis - ).

. 2.8. Ori –  pSC101 .coli (
 1-6 ).

, 
. 

. 
, 
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. 
.

, ,
 ( ) 

 ( ) . 
 ( .2.9).

. 2.9. : 1  3 – ,
2 – , 4 – , 5 – 

, 6 – .

 ( .2.10).
 1000-

2000 . .

 5  ( .2.11).
, 
; 
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, .

 3 ,  
. 

. , 
, 

 ( ). 
 1-10,   50  

, ,
, .

. 2.10. .

 3
. 

.  -
, 

 (
), 
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. 
.

. 

. ,
 3 -

.

. 2.11. .
, ; , ; , 

; , .

 –
. ,   SSB

’ , ; 
Dna 

;  Dna 
Dna  ;   Lig  
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;  n ,  n  n
. , 

, 
. 

, 
.

 10 . )
 400000 

, 
. 

, .
. 

. 
 –

. , , 
, 

. 
, 
.

 ( ) 
, .

, 
: ,

 ( ) . 

, 
. , 

, -
. , ,
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 “ ” 
) .

.  – 

 ( ).  
-

;  – 
 “c ”  - .

. 2.12. .
, . , . , . IF-1, IF-2, IF-3 –

; EF-Tu, EF-Ts, EF-G – ; RF-1, RF-2
– .

. 
. 
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,  (IF-1, IF-2, IF-3
– , elF-2, elF-3, elF-5 ), ,

 ( )  30S (40S)-
.  50S (60S)-

 70S (80S)-
.

 (EF-Tu, EF-Ts,
EF-G –  EF-1, EF-2 – ) ( .2.12).

. 
 ( .2.13),

. , , 
 –  .  

,
 – 

).
, 

. , 
,  

. ,
, 

: 
,  - 

.);  ,  
 –

 ( , .); 
–  ( , 

).
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.2.13. .

, 
 (  480  ).  

 ( ,
, ), 

. , 
, 

 28S  18S ; -

. 
1976 . , 

 5 . 
 ( .   -  ).  



100

. :
7meG ppp Nrme

p ··· (7 -5 -5 -
···);

1 
.2.14. 3 , , .

. 2.14 1 (
, 

 – tk; -
; 

; mp – ).

 5S 
. 

. 
.  ,   37  1



101

 10  20 .

 (  1  1-2
). , 

, 
.

 (
) , 

 ( .2.15). 
.

. 2.15 : 1 – , 2 – , , ,  –
, ,  – ; I – , II – , III – , IV – .

. 
, 

.  ( )
, ,

 ( .mature - ). , 
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. 
, ,

.
, 

 ( ). 
. 

, , 
. 

.  ,  ,  
, 

. 
. 

 ( ) 
 ( .2.16). 

, 
, 

.
, ,  b – ,

. , 
. , 

; 

. ,
 “  – ”. 

, 
. 

, 
 –  .  

.
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. 2.16. 
 (1985).

 “ ”
 “

” (
). 

 ( )  
 ( .2.17).  1982 . 

Protozoa. 
. 

 “ ” 

 (
) 

. .
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, , 
.  ,  

, 
 ( )   (  “

”)  
.

. 2.17.  (
,  Hela 

Tetrahymena). 
.
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 10,5 
, 

, . 

. 

 ( .2.18), 
 “ ”,  “ ”.

, -

 ( .amplification – ).

, ) 
, -

.

. 2.18. : 1 – 
1, 2 – ,  8  –  2

, , 3 4, 3 – .
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 “ ”, 

,  “ ”,
” (

)  “ ”.

2.4.  ( )

 70-
, 

. 
. ,

.
 1970 , , ,

, , 
, -

, , .

)   -  ,

. ,
, 

.
        

                                                                    

.

, . 

, 
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. 
, 

.  1976  (
) , 

. 

, , 

.
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. 

 -  ,  

.

:
)  ( ) 

, 
. 

:
)  ( , 

), 
;

) 
.

, 
,

, , ,

. 
, ,

.

3.1. 
 ( )

 ( ). , 
, 

,  - 
,   –  

. 
 – .



109

 10-11 ,  
2 · 107 .

,  
. ,  (

) , ,
, . oli, 

, 
, , 

 F. 
 - 

 ( . conjugation – ). 
.coli  F+  F-.

 F+

 F-

.  F+,
. 

 Hfr.
, 

, , 
. 

 F+ .
 F+

. 
: . 

 F+ - 
, 

. 
. 

 F+  F- -
, .

 Hfr. 
 Hfr ,
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. 
 Hfr 

, 
 F+ .

. , 
 F, 

, 
, , 

. , 
 F, 

, 
. , F , .  F

. 
, , 

F- , 
.

, 
 2250  400 . 

, 
, 

1%,  –  0,05% 
. 

.  ,  
, 

. , 
, 

; 
 200 .

,  (1,1-2,0
) 

 (  Neurospora, Euglena, , 
, , ). 

, 
.
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 – , 
 F, 

.  

.  ,  ,  
. 

 , .
,  R-

 ( . resistance- ), 
, 

, ,
 ( ,

, ). , 
, 

, 
. 

,
, . 

, 
, , 

. 
, 

. 
.

 1-3% 
. , 

, 
. , ,

, 
. 

, .
,
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, , 
 ( , , ,

, ). 
 R-  E.coli.

, , 
, 

, 
 Pseudomanas. 

 Bacillus Thuringiensis.

 1975

.
 1  1000;

, , 
. 

. 

, 
.  1972 

 R1 E.coli.

.   R1,  
, . 

 2000 
,   50  

.
, , 

 R. 
. 

, 
 Shigella dysenteriae
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 -
, , 
. 

 (Salmonella, E.coli). , 
65%  Shigella  50% 

, , 
,

. 
, 

F.  RTF 
 F E.coli .
 R  RTF. 

, , 
, 

. , , 
 R 

,   Salmonella,  
 Salmonella; , 

 trp -  E.coli . 
, 

, -
.

. 
 ( ) 

 ( ).

,
. 

,  (  5) 
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 “ ” . 

 (  3.1).

. 3.1. -

, 

, 
. 

. , 
, .

 ( .3.2)

, .

, 
.  F-

 E.coli 
 Rec-

.

. 
, 

, . , 
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. , 
, 

,  “ ”, 
.

.3.2. 

, 
.

, 
, , 

, 
.

 1,  2,
 3. ;  4 - 

, ,  5  6-
.
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, 

. 
, ,

. 
 (IS1, IS2, IS3, IS4, i

IS5). . 
 E.coli, Salmonella thynimurium, Citrobacter

frenndii,   (F,  R)  .
,  E.coli  IS1  IS2 -

, , 
. 

,
, ,

, 
, 

, 
, 

, 

 res A.
, 

,  (
 ( ) - ). 

. ,
 - , 

,  – .

. ,
 -

. 
.  E.coli 

1, 2 . 
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. , 
1

. 
2 , 3

 3’-  16S- , 
, 

.
1  1974 .

. , 
R1. 

 E.coli 
. 1 

. 
 (

 3 ).
 E.coli, 

,  pSC101. 
, 1, 

R1.  pSC101
 9,1 .,  -5,8 . . 

1,  
R1 

. 
.

3.2. 

, ,

 (  - 
). , 

. , 
 E.coli. , 
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. 
 0,001%  E.coli.

. 
, 

, .
, 

, 
. 

 1953 . 
. 

. 
,

,  
.

, 
, 

. .

.
, , .

, , 
.

. 

. 
, 

.3.3.

.
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. 
, .

, , ,
, . 

.

.3.3. 
, ,
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, , 

. 
.

. 
. 

, 
. 

. , 
, 

. , 
, 

.

. 

. 
. 

– 
.

. 
 ( .3.4). 

 att
. 

 h  i  c  (  b2), 
 –  gal i trp. 

. 
. , 

 gal i trp. 
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, 
 – . 

 6500 .

. 3.4. .

 12  –
. 

 ( . 3.5). 
60 . 

. 

, 
.
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. 3.5. .
.  46500 .

 – , 
, . 

 E.coli , 
in vitro. , , 

 red  ,
.  Rec A, 

 E.coli, 

.  red ,

.
,  

,
, 

. 
 ( .3.6).  15 

 ( ), 
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. 
, 

 “ , ”. 
 cos-

,  (40-52 .) 
 “ ”  .

a, 
” 

.

.  1974
. 

,  R1.  

R1,  gt.
. 

, 
.

 in vitro , 
.

3.3.

. , 
 cos- , 

 in vitro .
,

, , 

,  93 
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. 
:

1) ;
2) ;
3) ,  cos- .

, 
 45 , ,

 cos-
 ( .

3.6).

 - , 
, ,

-
.

, 
, . 

, 
, 

.

. , , 
, 

. , 13 
 6500  .,   507  

. 
.

, , 
, 

.
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. 
:

) 
;

) , 
;

) , ,
, ,

, 
, ;

) 
.

 3.1

        - -

,
- -

, 
- - -

- - -

- -
- - -

 (1986) 

.3.1). 



126

, 
, :

) , 

, 
. , 

 50 ,  40 ;  95-
97   100  ,   E.coli   400  

 3000  (  1500 . 
);

) 
, 

, 

 –  (  “
” 
). , 

Saecharomyces cerevisial  17 , 
 1000 , , 

 11000;  23 
,   12000

,   2  .  

,  10 , 
22   20  .  ,  

, 
. , ,

 10-20% .
 23 

 200000;
) 

, 
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. , , 
, ,

, 
 (

”);
)  ,  

,  “ ” 
, , 

:

 ( ),  
 – ;

)  ( ) 
 ( ) 

 ( ) 
, .

, 
) 

;
) 

.
, 

, 

.
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IV.

:
1. .
2.  ( ) 

.
3. .

4.1.

 ( ),  
. 

.

, 

 ( ). 
,  ,

.

. 
. 

.coli 
 5·106 .  3·109 . 

, .

. 
109 ., , ,  5000 ., 
0,00005% . 

,
, 
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. 
- -

, 
.

, 
, ,

. 
, , 

. 
, 

;  
,  i

. 
 in vitro.

. , :
, 

. 
, , 

.  ,  

.  ,  
.

,  
, 

. , 

,  (  – 
). 
, ,  15-
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20  .  

, 
.

.
 – . 

. 

, 
. 

.

,
. ,

. ,
 4

.  0,254 =  1/256,  ,  
, 

.  1/1000 
 5 .  1/4000  6 .

, 
.

. 

. 
, 

. 
.

.4.1.,  
.
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.4.1. 
, , 

100  (  > 13).

.

, .
 ( . blotting), 

(Sauthern blotting) ( ).
.4.2. 

. 
, 

. 

. 
. , 
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. , 
.

. 4.2. 
.

in situ . 

. , 
. 

, 
.

, 
, , 

, 
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. 
, . , 

, , 
,

, ).
 (

) ”– -
 (shotgun experiment – ). 

. 
. 

.
, 

 (  – , 
),  

.
, 

: . ,
, 

, , 
, . 

, 
, 

. , 

, .

 (4 .)
, 

.
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. 4.3. 
, 

.
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, 
.

, 

.
, 

,  “ ” ,
. 

, 
, 

, 

.  99%  1500 
; 

 4600 ;  D. Melanogaster –  4800 
800000 - . 

, 
, . 

. 
.4.3. 

, , 
. 

. .
, , 

. 

.
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4.2. 

, 

 60- .  
(1967) 

. 
 174. -

, 
, ,

.
 1960-1968 

 (20-30) .
 1970 . 

, .
:

1) ;
2) 

 8-12 .;
3) )

.
 77 . ,

.  ,  
, , 

in vitro 
.  1976 

, .
 E.coli. 

, 
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(126 .)  (52 .) 
(21  .).  ,  

,  “ ”
.

, 
. 

,
. ,

,  40 (
 6- ) , 

. 
 271  286 .

. 
, 

. 
, , ,

.  170
, , 

.
 1970

, 
 (

, ).

4.3. 

, 
, 

, 
 in vitro. 
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, . 
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 3  ( .4.4).  poly(A)
 ( ). 

 oligo(dT), 
 3 , 

.

. 4.4.  poly (dA:dT),
 “ ” 
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 5 -3 ,  
, 

.
 – , 

, 
. 

,  in vitro 

 5 . 

, 
 5 . , 

.

. , 

.  3
 “ ” 

10-20 .
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). ,
, . “ ”

 3  –
 E.coli 

. 

,  .  
 –  “ ” 

. “ ”  S1 
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. 

 – 
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, 
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. 
 - , 

, 
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. 
 ( ), 

.
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.



142

, 

, 
. 

. 

. 
, .

.
, 

, , ,
, 

 in vitro. 
, ,  E.coli, 

.
 in vitro 

, 
,

, , 
.   ( )  

.

. 

, 
.

 – 
, 

” . , - 
coR1 , . 



143

, 
 (N- ,  EcoR1).

                                         EcoR1

           5’….. N – N – N – G – A – A – T – T – C – N – N – N…..3’
           3’….. N – N – N – C – T – T – A – A – G – N – N - N…..5’

                                                                      EcoR1
5’…N – N – N – G                               A – A – T – T – C – N – N – N… 3’
3’…N – N – N – C – N – N – A – A                            G – N – N – N…5’

N - ,  EcoR1.

 (EcoR1) 

 ( ).
 “ ” 

 ( . 4.5). 
, , 

. 
 in vitro. 

 nf
.

, 
 EcoR1  

. 

 EcoR1.
,  

 EcoR1 “ ” 
. 

, 
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. ,
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poly (dT)  3’- . 
.4.6, poly (dA) 

poly (dT) .

,

.

 poly (dA): poly(dT). 

 poly (dC)  poly (dG). 
, 

 PstI  poly (dC)  poly(dG)
 PstI 

.
 -  “ ”  ( )  “ ”

. 4
, 

, 
.  – 

” 
. 

, 

.
.  

(“ ”). , R1
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.
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10 gt 11.

, 
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, 
, ,
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gt 10 ( mm434 b 527) 
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. 
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, gt10 
7,6 .  ( )
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. 

gt 10, 
.

gt11 (lac5
c1857 nin5 S100) . 

R1, lacZ  53 .
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gt11  7,2 .
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, 
. 

 105-106
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,
. 
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50m. 

:
1)  ,  
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, . 
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,  1-2
, , 

, 
. , 

, 
, .

.

, 
. 

 =  0,99.  n
M

n=  M/n  ln  (1-P)
.   4.1.

 ( , 1989).

 4.1

 ( ) 0,90 0,95 0,99
2,8  109 640 840 1300
1  1011 23000 30000 46000
1  1010 2300 3000 4600
2  1012 460000 600000 920000

, , 
,

 920000 . 
 – 

 – 
 1300. , 
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, 
. , 

, 
 800000-1000000 .

, 
1976 .   ( )  

,  .
, ,

, , 
.  ,  

gt11.
.  

,
 ( ) , 

,  -
. 

. 
, , 

.  
.
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4.5. 

-
.

.

, . 

, -
. 

, 
.

, , 

. 
, 

, 
. 

 ( , )
.

 (  - lacUV5,
 trp,  tac (trc-lac)),

R  R L,
5, 7, 174 .

 – , 
.

, . 
 3-9

, 
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(SD),  3’-  16S ;
UG  3  11  SD 

AUG. 
 3’–  16S 

 SD i AUG–
 5'-

. 

,  AUG 
, UUG- ,  GUG –

.
, 

.  - 
, 

, 
.

. 4.7. 
 ( ;

 - )
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, 

. 
,  “ ” 

. 

 ( .4.7, ).
 -  “ ”

. 

 SD . 

.  in vitro 
 “ ” 

 (  4.7,  ).  ,
.

.
,

. 
”  (overlapping), 

. 

. SD-

. 
 E.coli  trpE i trpD.

,  ,  
.  (

30S – ) 
 100% .
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,  
 SD ( .4.7, ).

, 

. 

.

, . 
rna,  rnb  i  rnc,  ,  ,

 14, 28  55-
.

 1985   - ams (alteratio  of  mRNA
stability),  23-

. 
ams

 42  0,5-2  10-12
. , , 

.
 -

. , 
 2 . 

lon
hptR, , 

 ( , pin
4).

, 
, 

.  – 
; , 

, ,
; , 
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; , 
, , , 

.
 Psendomonas 

. 
 30  Psendomonas. , 

, 
. ,

, 
, 

, ), 
.

Psendomonas ,
, .

, ,  Ps.putida, Ps.alcaligenes 
.

 E.coli, 
 –  

Pseudomonas .  E.coli
 Pseudomonas. 

 Ps.putida 
. 

E.coli
 Ps.putida i Ps.aeruginosa.

,  Psendomonas

 E.coli.
,

 70% 
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. 
 St.coelicolor A3(a) i St.lividars 66.

, 
, 

. 

 ( ). 
:

, , 
, 2+, Mg2+, .

, 
. 

. 
 SLP 1.2  14,5 .,  St.lividars

66. 
. 

 (aph), 
(tsr),  (vph).

 St.coelicolor  A3(a)  –SCP  (31  .),  
, , ,

. 
1,35 . ,

, .
, 

 E.coli. 
mel,  –

, .

31. 31
 41,5 .  cos-



159

(“ ” )  8 .,
. 

, 
– 35 . 

. 
,  

 (Ant-)

nt , 
. 

, 
, 

nt.

(mmy). 
 SHP1.

– . 
 50  .   0,2  .  

10  500 . 

. 

, 
.

, , 

 ( ). ,
 lac UV5, trp,  recA E.coli, 

 Bac. Licheniformis 
 cat ( ) 
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 S.lividans 66. , , 
.

. 
 - 

 S.lividans 66 
pIJ702. 

-
. , 

.

. 
. , 

, , -
.  – 

 Bac.sublitis, 

.
.

, 
, , 

. , 
 St.aureus, 

, 
 Bac.sublitis. 

 St.aureus. 
,

 Bac.sublitis,  E.coli. 
, 

 E.coli,  –  Bac.sublitis.
,  Bac. sublitis – 

 ( -
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)  5% 
, 

. , 
.

 Bac. sublitis 

.  – 
, ,

.  rec

. 
. 

, 
. 

 Bac.sublitis
 Bac. licheniformis,  trp-

.

, 
. 

, 

. 
2 

Bac.amyloli-guefaciens.
,

, 

. 
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 Sacchar.
erevisiae.

 1978 

. 
, 

, olE1 
, 

 Sacchar. cerevisiae.

p ( ). 
 Sacchar. Cerevisiae  6

. , 
, 

.

. , 
, 

.   10%  
, 

, , , 
.

.  Y p 
 ( ,  4.8).

 – ), 5 -
, 

. 
, , 

.
 Sacchor.cerevisias 
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 E.coli 
 Sacchar.ctrevisiae.

-
1 (3’– ),

D1 ( -3- ), ADH1
), 5 ( ) 

.  PGK1.
 YEp 3-  (
) , 

 50-80% .

. 4.8. , 
 (  M. Innis, 1985):

, :
1) ; 2) ;
3) .

,  
, 

. 
.
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Aspegillus  Sacchar.cerevisiae. 
 (1,4)-  (1,6)- , 

. 
, 

, 

 (  1).
 100% 

.

, , ,
, , 

.  “ ”, “ ”,
”, 

.  “ ”
 60% . 

” ( ), “ ” ( ) 
.  “ ”

), “ ” ( ), “ ”,
”, “ ” ( ), “ ”,
”, “ ”, “

”, “ ” ( ) 
.

, . 
 - 

.
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V. 

, ,
,

, 
, 

, 

.
, , 

, 
. 

, 
, 

.
, 

, 
, 

. 
. 

, ,
 – ,

, 

, 

.

. , 
.

.  
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. 
 700 .  450 

. 
, 

. 
. 

,
 in vitro.

, 
, 

. 
, , 

, ,
, 

. 

.
,  

. 

.
 SV40  

 1974
 (R.Taemisch, B.Mintz). 

 SV40 
. 

.  ,
, 

 1976 . 
.
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.

,
 1980  (Gordon J.et.al.,1980). 

  
, 

 ( ) , 
. , 

, 
, 

.

.

, 
. ,  78

. 

. , 

. 
.

 1983 
, 

. 
, 

  
.

, 
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, 
, 
. 

:   (Wagner  E.  Et.all.,  1981;
.  1983, 1984), 

(Wagner E. et all., 1981 Laci E. et all., 1983), 
 (Gordan J.;1981,

1983),  (Palmiter R.D.et.all., 1982) 
 (Palmiter R.D. et all., 1983; Wagner E.et.all., 1983

., ., 1983; . .,
1984).

, 
 (Palmiter R. et all., 1982). , 

, 
. 

, 
. 

, , 
. 

-1. -1 
. ,  in

vitro . 
, 

: -
-1  - , 

. 
 600 

.  21 
. 

, .
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ZnSO4, 
-1. 

. 
, 

 100-800 . 

-  1,8 
. 

, . 
, 

, 
. , ,

.

, 
. : 

, , 
, . 

. 

. 
 25-30% . 

. 
 0,9%. 

 0,9%. 

, 
. 

.
, 

. 
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.
-

, :
 - , ;
 - ;
 - 

;
 - 

 ;
 - 

, , 
 ( ) 

 ( ).

5.1. .

, 
. 

 (Hammer R. et all. 1985) 
 MT-h-GH, 

 218  28 (12,8%)
.  4  16 

(25%) .
 (Brem  G.  et  al.,  1986)

, 

, 
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 BPV/pBR 327. 
 Ecor1/EcoR1 

.  316 
.  5  15

.
 30 ,  16 

,  19% .
 19-25%.

5.2. 

 80%  
.

. 
(Hammer R. et all., 1985) 

. 
, 

 1- , 
. 

 614 ,  375  16
. 

 73 
, 

-1-GH.

, .
, 

 (Scott T., 1980). 

, , 
, 

. 
.  2-4 
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 1,5 
. 

,  
, 

.

5.3. 

 (Hammer. et all. 1985,1986)  (Brem G. et
all.,1986). 

. 
. , 

 – -1 
 – . 

 316
 1719 . 

 192 
 20,  10,4%, 

,   11  ,   55%,  
-GH.

 268 
. 

,  3  10 , 
 15 .  7 

.

, 
10-14%.
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5.4. 

. 

. 
, 

-1  (Lohse J.
et all., 1986). 

 5  ,  
.

. 

. 
, 

. 
, 

 in vitro. 

. 
 in vitro.

. 

 in vitro 
.  

, 

. 
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.

.
 – 

. ,
, . 

, ,
.

, 
, . 

.

, 

. 
, 

 ( ). 

. ,
.

. 
, 

. 

.
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. 
.

: 
. 

-
, 

. , 
, 

, 
.

. , ,
,

. 

. , 

1 . 
, 

, ,
, 

.

, 
.

-

.
, 

, 
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. -

 - , ,
. , 

,  – 
.

, 
, 

, 
,  

. 

 - , 

.
-

. .,

 ( , ,
), .

, 

, 
, : , ,

, 
, 

, , 
, .

, 
, 
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, 
. , 

, ,
, .

, 

. 

. 

. 
 95% 

. 

,
.

, 
. 

. 
.  - 

. 
,  

, 

. 
. , 

 ( ), 
. 
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:  ( ) 
 in situ . 

,  – 
, , , 

. .

 - . 

, , 
. 

.
 in situ - 

. 

 – , 
, 
, 

. 

. 
, 

. 

. ,

,

. , 
 –
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, 
.
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1. 
?

2. ?
3. .
4. ?
5. .
6. .
7. ?
8. ?
9. .
10. ?
11. .
12. .
13. 

?
14. 

?
15. .
16. ?
17. 

?
18. ?
19. 

?
20. 

?
21. ?
22. 

?
23. ?
24. ?
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25. 
?

26. 
?

27. 
?

28. , 
.

29.  ,  
?

30. ?
31. .
32. ?
33. ?
34. ?
35. ?
36. ?
37. 

?
38. ?
39. ?
40. ?
41. 

?
42. ?
43. 

?
44. ?
45. ?
46. ?
47. 

?
48. 

?



182

49. ?
50. .
51. .
52. ?
53. 

?
54. ?
55. ?
56. ?
57. ?
58. .
59. ?
60. ?
61. ?
62. ?
63. 

?
64. , 

.
65. .
66. 

.
67. ?
68. 

?
69. 

?
70. ?
71. 

?
72.  « »?
73. ?
74. .
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75. .
76. .
77. 

?
78. ?
79. ?
80. ?
81. .
82. 

?
83. ?
84.  -

?
85. ?
86. 

? .
87. 

.
88. ?
89. ?
90. 

?
91. ?
92. ?
93. 

?
94. 

?
95. 

?
96. ?
97.  « »?
98.  « »?
99.  « ».
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100. 

?
101. ?
102. ?
103. ?
104.  

?
105. ,

?
106. , 

?
107.

?
108. 

.
109. 

?
110. 

, 
.

111. .
112. ?
113. ?
114. , 

.
115. 

 ( )?
116. ?
117. .
118. 

?
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119. ?
120. , 

, ?
121. .
122. 

?
123.  

?
124. .
125. .
126. .
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 “  i ”

1.  i  – :
) , 

i ;
) , 

i 
, ,  i i, ;

) , 
i .

2.  – :
) ;
) ;
) , 

.
3.  – :
) ;
) ;
) , i 

.
4.  – :
) ;
) , 

;
) , i 

.
5.  – :
) , 

;
) ,  i

,  i- ;
) ,  

i.
6.  – :
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) , 
;

) ,  in vitro 
;

.
7.  - :
) , ;
) , ;
) ,  i

.
8. B i

:
) ,  i ;
) ;
) i .

9.  – :
) i ,  i ;
) , 

;
) , .

10.  i , 
i ,  i 

:
) ;
) ;
) .

11.  – :
) , ;
) , 

i 
, 

;
) ,  i

i.
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12. ,  i
, :

) ;
) i ;
) .

13. i :
) ;
) ;
) .

14.
 y i :

) ;
) ;
) .

15.  – , i 
i :

) i- ;
) ;
) .

16.
:

) ;
) ;
) .

17.  – , 
 i 

 – :
) ;
) ;
) .

18. , 
 i , :

) , , ;
) , , ;
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) , .
19.  i

i :
)  1868 . ;
)  1969 .  i ;
)  1973 .  i i.

20. , 
i  1976 i:

) . ;
) ;
) .

21.  – :
)  i  i

;
) ;
)  ( ) 

.
22.

:
) i ;
) ;
) .

23.  – , 
:

) ;
) ;
) .

24.  – , :
) ;
) ;
) , 

i   10  .  .  
.
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25. i i i 
:

) i ;
) ;
) i .

26. i i i 
, i  i

i , :
) i  ;
) i ;
) .

27.
 i

:
) ;
) ;
) .

28.
:

) ;
) ;
) .

29.  – :
) i i i 

 i ;
) ,  in vitro 

;
) , 

i.
30.  – :
) 

, 
;
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)  i
;

) 
.

31.  - :
) ;
) , , 

 i ;
)   i -

.
32.

, :
) ;
) ;
) .

33. ,  i  ,  i
, :

) ;
) ;
) .

34.  – :
) 

;
) i ;
) , 

i.
35.  – :
) ;
) ;
)  i  ( ) .

36.  – :
) ;
) ;
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) .
37.  – :
) ;
) ;
) .

38.  - :
) ;
) ;
) .

39.  – :
) ;
) ;
) .
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 – , 

 – 
.

 –
.

 –
, , 

 –

).
 –

.
 –

 – .
 – , 

.
 – ,  ,  

, .
 –

.
 – ,  

.
 – ,  

, 
.

 – , 
,  

.
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 – , 

.
 –  ( ), 

,
.

 – , 
.

 – , .
 – , 

 ( ) 
, .

 – , 

.
 –

.
 – .

 – ,  –
.

 –

.
 – 

.
 – , 

 20000, 
.
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 – ,  “ ” , 

.
 – , 

.
 – , 

,
.

 –
.

 –
, .
 – . 

.
 – ,

, .
 – , 

.
 – , 

.
 ( ) –

), 
.

 – , 
.

 – , 
 ( ), 

)  ( )
.
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 – , 

.
 – , 

, 
.

 – ,
, 

.
 –

, ,
, 

, 
.

 –
, 

 ( ).
,  –

 –
.

 –

.
 – ,

,  
.

 – ,   COS-
, 

.
3  – , 

.
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5  – , 

;  5
,

.
 – ,

, 
.

 – , 
 5 -  3 .

 ( ) - 5
, 

, 
.

 – , 
 60

.
 – , 

, 

 ( ).
 – ,  

.
 – , 

, .
 – , 

, .
 – , 

.
– , 

 (IS- , ).
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– ,  
.

 –
.

 – , 
.

– , 
.
– ,

.
– , 

,
.

– , -

.
– , 

, , 
, 

.
 – , 

.
 – , 

.
 ( , ) – 
, 

.
 ( ) – ,

, 
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–  5-100 , 
 ( ) 

 (
).
– , .

.
– , 

-
, .

– , 
.

– , 

.
– 

, 
.

– , 
,

.
 ( ) – , 

.
– ,

.
– , 

.



200

– , 
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.
– , 

.
– 
, 

.
– , 

, 
.

–  ( ), 
.

– , 
.

– , 
 ( ) 
.

 ( ) – ,
,

 4-7 
, 

.
– 

-
.

– 
.

– , -
.

– , 
.
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-  ( ) –  (  10-60
) , -

.
 – ,  ( ,

, ) .
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 ( ), 
 10-20 .

 –  ( ) , 
.

 –  – ,

.
 – , .

R-  – , 
.

 – , 
.

 –
.

 – ,  
.

 –
.

 – , , 

.
 – , 

-
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 ( ) –
, , 
.

 – ,
 25 . 

, -
.

 –
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 – , 
.
 – ,  

.
 –  ( )

.
 – , 

.
 –

.
 – , 

.
 – , 

.
 – , 

 – , , .
 – , 

.
 ( )  –
, 

.



203

 – , 
 (30S) 

.
 – , 

.
 – , 

.
 – , 

, , 
.

 –
.

 –
, 

.
 – , 

.
 –

.
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1828 -  ( .
)

1831 -  ( . )
1839 -  ( . , .

)
1858 -  «

» ( . )
1858 –  ( . )
1864 -  ( . ,

. )
1868 -  ( . )
1871 - , 

. )
1873 -  ( . )
1875 - 

 ( . )
1878 -  ( .

, . )
1882 -  ( . )
1883 - , 

,  ( . 
)

1888  -   ( .
)

1889 -  ( . )
1891 - , 
1894 –  (D- )

 ( . )
1901-1903 -  ( . )
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1902 - 1907 - , 
 ( . , . )

1906  -  

1908 - 
 ( . , . )

1910 – , 
 ( )

1914 – 
 ( )

1915-  ( . )
1931 -  ( . , .

)
1940 – 

 ( . , . )
1941 - , 

 ( . , . )
1944 -  ( . , . ,

. )
1946  -   ( .

, . )
1952 -  ( . ,

. )
1952 - 

 ( . )
1952 - 

, 
 ( , )

1953 - 
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 ( . , . )
1954 - 

 ( . )
1955 -  ( . )
1956 - , 

 46  ( , )
1958 –  “  – ” ( ,

)
1961 –  “ ” 

:  ( . )
1961-1964 - 

 ( . , . , . , .
)

1961 -  ( . )
1961 

.  ( . , . )
1961 - 

, , 
 ( , )

1961 –  ( , )
1962 - 

 ( . , .
)

1964 -  ( ) 
 ( . , . )

1965 – 
 (

)
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1965 -  Rec , 
 ( )

1966 –  ( ,
, )

1967 -  ( .
)

1967 - 
 ( , )

1967  –   –  ,  
. ( )

1968 -  (X. )
1969 -  “ ” 

 ( )
1969 -  ( .

, . )
1969 –  ( .

)
1970  -   (X.  ,  .

)
1970 –  ( . )
1970 -  ( . )
1972 -  ( . )
1972 – , 

 E.coli ( )
1972-1973 – 

, , )
1973 – 

, )
1974 - 

 ( . , )
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1976 - 

 (T ).
1977  -  ,  ,  

, , 
 ( , )

1979 – , 
, 
 ( , )

1979 - 
 ( . )

1980 -  ( ).
1981 -  10-11  ( . 

)
1982 - 

 ( . , .
)

1982 - , 
 ( . )

1983 - 
 2-10% 

 ( . , . )
1985 -  ( )
1986 – 

 ( . )
1987 – 

 ( )
1990 – , 

 ( , 
)
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