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  75

91

92

PMSF -

-

– -

–

- -

–

SDS (sodium dodecyl sulfate) –

SP- – -   

TIMPs –

m –

kcat –

pI –

–

Cys – ( )

His – (H)

Asp – (D)

Ser – (S)

Lys – (K)

Glu – (E)

Gly – (G)

Met – (M)

Phe – (F)

Ile – (I)

Val – (V)

Asn – (N)

Ala – ( )

Pro – (P)

Thr – (T)

Tyr – (Y)

Leu – (L)

Arg – (R)

Gln – (Q)

Trp – (W)
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5

:

: . 

, , 

640 , 

[Sterchi et al., 2008]. , 

, 

, , 

[ , 2001]. , 

1% [ ., 2000, 

2002].  

– , 

HEXXHXXGXXH

Met- . 

. 

, -

. 

, 

.  

- . , 

, 

,   

. 
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[Gomis-Rüth, 2003]. 

, , 

, , 

[Gomis-Rüth, 2003, 2009]. , 

, 

in vitro in vivo. 

, Bacillus intermedius 3-19

, :

[ ., 2000]. 

, 

(AN AY 754946 AN

Y15136). B. 

subtilis [Sharipova et al., 2007, 2008]. 

[ ., 

2007, ., 2008]. 

B. intermedius , 

(AN 75740.2)  

B. intermedius 3-19, 

B. subtilis, 

, -

.  

:

1. B. 

subtilis MprBi
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2.

3. MprBi

4.

5.

:

  MprBi. 

B. subtilis.

, 

, . 

,  

. 

. 

. 

MprBi

B. subtilis. 

, 4-5 1

. 

, , 

.  
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1.   

, , 

[Enzyme

Nomenclature, 1992]. , 

( 3.4). , -

N- - , 

. , 

, .  

, 

(

3.4.24) [Enzyme Nomenclature, 1992]. 1993 Rawlings Barrett

, 

[Rawlings, Barrett, 1993]. 

. , 

, 

( ), 

( ) [Rawlings, Barrett, 

1993, Lopez-Otin et al., 2008]. 

HEXXHXXGXXH

1 13 ( )

, 

. 1995 Stöcker
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[Stöcker et al., 1995]. , 

( , , ) , 

[Rawlings, 

Barrett, 1993]. 

, 

. , 

, . 

( , 1,4- ), 

, 

.  

MEROPS (http://merops.sanger.ac.uk), 

, - , 

, 

[Rawlings et al., 2004].  

, 

, , 

. 

2003 . ,   

( . 1)

[Gomis-Rüth, 2003]. , 

, 

, 

, 

MEROPS.  
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. 1. 

[Gomis-Rüth, 2003,  Sterchi et al., 2008]

: 1 - , 

HEXXH ( )

; 2 – - , 

HXXEH; 3 – - - , 

  ( .1) [Gomis-Rüth, 2003,  Sterchi et al., 2008]. 

DD- . 

  III E.coli, 

( ), Drosophila

melanogaster  (MEROPS  ). 

, , 

, – .  
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. , 

, 

, [Becker et al., 1992]. 

, 

, 

: HEXXH+E ( ), HEXXH+D

( ), HEXXHXXGXXH/D+Met- ( ) ( .1)

[Gomis-Rüth, 2003]. 

, NEXXSD, 

( 20

- HEXXH) , 

. 

, , 

MEROPS ( )- . 

, 

, 

, 

[Gomis-Rüth, 2003]. Aspegillus

oryzae Grifola frondosa. 

, 

HEXXHXXGXXH/D

[Gomis-Rüth, 2003,  Sterchi et al., 2008]. 

Met- , 1,4- - . 

. , Met-

.  
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2.   

( ( ) MEROPS)

: , , 

, / , , 

, 

, ( . 1) [Gomis-Rüth, 2003]. 

-

, , 

. 

, , , 

. 

(MEROPS 10 ), (MEROPS 46), 

(MEROPS 11), (MEROPS 6), , , 

[Sterchi et al., 2008]. 

, , Met-

. , , 

. 

, MEROPS, 

. 

2.1

, 1967 . 

Astacus astacus L, 

,   

[Pfleiderer et al., 1967]. 

, , 

, [Plummer et al., 

1995]. 

, 

, - , 
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, 

-1, 

, L , 

[Jiang et al., 1992a, Gorbea et al., 1993, Yasumasu et al., 

1988, Kessler et al., 1986a, Hojima et al., 1985, Kessler et al., 1986b].  

N-

. N-

,   

[Yiallouros et al., 2002]. , 

,  

.  

:

, , Met-

. (MEROPS 12.001)

20,3 200

N- , pI 3,5 [Titani et al., 1987]. 

, 

, 4,0, . 

7,5-9,5

. , 

, , , -

. 

(Ala, Thr, Ser, Gly) 1', 

2 P3 3' 4'. 

Suc-Ala-Ala-Ala-NHPhNO2
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, . 

, 

- . 

, –

.  

, 

, (

) (TIMPs). 

2- , , 

. (1,10-

) , 1-10

[Stöcker et al., 1995, 

Bond et al., 1995]. 

, 1 ( 1), 

Drosophila melanogaster  (TLD)  . 

, , 

, 

Met-

. (CUB-

, EGF- .)   

, . 

, -

/ , 

BMT1/TLD- , 

[Bond et al., 

1995]. 

, 
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, , , 

[Beynon et al., 1981]. 

, 

- ß- . (MEROPS 12.002) -

( ) - ß- ( ), 

(MEROPS 12.004) ß-

[Gorbea et al., 1991]. , - ß-

, . 

, -

, 

[Gorbea et al., 

1991, Sterchi et al., 2008]. 200

34%

. 

, Met- . 

. –

, -

[Sterchi et al., 2008]. 

( 42%), 

, 

. 

, - , 

( Phe-Ser), ( Tyr-Ile), , 

, [Sterchi et

al., 2008, Dumermuth et al., 1991]. - 4

.   -

. 

, 
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. , 

, . 

  , 

, 

. 

N-

. , 

. , 

, [Becker et al., 2003]. 

1995 . 

Flavobacterium meningosepticum

– (MEROPS 12.066) [Plummer

et al., 1995]. , 

[Tarentino et al., 1995]. 

38843 352 , 

, N-

N- . 

20%

24-29% - . 

HEIMHSMGIMHE

SVMMY. 

, 

Met-

[Bond et al., 1995]. 

, . 

. -
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, 

1' . 

FA-

Leu-Ala-Asp-Ala-Ser-NH2. 

: FA-Leu-Ala Asp-Ala-Ser-NH2. Glu-

Asp , 

.  

2.2  

(MEROPS 10 ) Serratia

(MEROPS 10.051), Pseudomonas (MEROPS 10.056),

Proteus (MEROPS 10.057), , , Erwinia (MEROPS

10.052, 10.53, 10.054 ), PrtA Photorhabdus

(MEROPS M10.063) . 

: , 

, Serratia lysin. -

, , 

.  

6,0 10,0 8,0, 

. n- 6-8

. 

Gly Ala , 1'

, 2 2'

[Morichara et al., 1973]. 

n-

Arg. PrtA Photorhabdus

luminescens , 

Val, Ala Leu. 
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- ,  IgA IgG, 

, , 

. 

PrtA , , , 

, 

in vivo [Marokhazi et al., 2007].  

, 

1,10- , - , Br-Phe-Arg-SH, 

DFP  

– . 

Co2+, Zn2+  

Cu2+, Fe2+ Mn2+. 

- (10-11 ), Serratia, 

Pseudomonas Erwinia, 

[Letoffe et al., 1989, Gomis-Rüth, 2003].

– . 

Serratia sp. E-15 55 , pI 4,5 5,5, 

– 49,5 , pI 4,1, 55 , pI 4,3, 

50-55%

. Serratia sp. SM6

E-15, Pseudomonas aeruginosa, Proteus mirabilis

Erwinia chrysanthemi [Baumann, 1994, Hamada, et al., 1996, 

Miyatake et al, 1995, Hege et al., 2001]. 

HEXXHXUGUXH,

- , U – . , 

7-8 . 

– SXMSY, 

. 

9-20 N- , 
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« », , Met-

, 

/   

[Yiallouros, et al., 2000, Stöcker, et al., 1995,  Gomis-Rüth et al., 1994]. 

(N-

- ), 220

[Gomis-Rüth, 2003]. N-

. - – , 

, 

[Gomis-Rüth, 2003]. -

20 50 , 

, - DXXX

(X – ), . 

- DFIV [Hamada, et

al., 1996]. -

.  

2.3

( ) (MEROPS 10 ) –

, , 

, : 1, 2, 3 4, 

, , 1 2 . 

, , , , 

[Gomis-Rüth, 2009]. 40 , 

. 

: 1. ,   

.  2. , 

. 3. 

. 

, 
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– MMPs ( ). 

1 ( -1, MEROPS 10.001), 

2 ( -8, MEROPS 10.002), 3 ( -13, MEROPS

10.015) 4 ( -18, MEROPS 10.018), (MEROPS 10.033)

(MEROPS 10.034), 1, 2 3

[Gomis-Rüth, 2003].  

HEXXHXXGXXH. Met-

AL(V)MYP, 

.  

, , 

-

. ;

. 

  

N- .  

1 ( -1) 469

[Bode et al., 1996]. 

19 , – 80 , 

– 162 , - – 192 . 

N- -

16 . 

2 ( -8), 3

( -13) . -1 –

42570 .  

, 

, 

[Bode et al., 1996]. 
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-1 , 

HELGHSLGLSH

. Met- Met215.

, -1, -8 -13

, , , G, 

1 2 [Gomis-Rüth, 2003].  

-1

-8 , 

, , 

[Gomis-Rüth, 2003]. , 

. 

-1 , 

. -8 , 

[Gomis-Rüth, 

2009].  

, 

- I, II, III Gly775-Leu776

Gly775-Ile776 [Hasty et al., 1987]. 

, , 1- . 

Gly-

Pro-Gln-Gly-Ile-Trp-Gly-Gln. , 

, 1

Ala, 1 – Tyr Phe. 

, ( 7,0)

(0,5 ), (5 ), NaCl (100 ). 

2- , 

, 1,10-
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, [Gomis-Rüth, 

2003]. 

2.4  /

/ (MEROPS 12 )

: . 

, , , 

, ADAMS (a  

disintegrin and metalloprotease). 

SVMPS (snake venom metalloproteinases). 

200 , 50-60

. 

, , , , 

– , ( , , 

, , , , , 

.) . 

II, , , , , F, , , 

, 

[Matsui et al., 2000]. 100

36 , , 

, . , Crotalus

atrax 13 , 

, , , 

(98%).  

HEXXHXXGXXH Met- , 

. - , 

, 

. 

4

[Gong et al., 1998, Grams et al., 1993].  
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1. 20-30 , 

. –

II, , , , , . 

2.  30-50 , 

  ( , 

, D). 

3. 

50-80 , , 

  - ( ). 

4. 80-100 , 

( Vipera russelli). 

1 . 

: 1-

1- . 

, II Crotalus adamanteus

, 

1- , 

.  

( 7,5) 100 , 5,0. 

, 

[Matsui et al., 2000]. 

, 

7 6

, 

[Gong et al., 1998]. 

. 3

, 

[Grams et al., 1993]. , 

. , 



24

. 

, - , . 

-

. , 1 2 -

Pro516-Met517, 

Naja -

Lys413-Leu413 Phe501-Asp502

[Matsui et al., 2000]. 

ADAMs  

. , 

, 

, 

- . 

ADAMs , , 

, 

, - , EGF-

, .  

, Caenorhabditis elegans, 

Drosophila Xenopus, E. coli, Sacchramyces

cerevisiae . , 

, .  

, ADAM 12 2 , –

, – .  ADAM 28

, , , 

, [Seals et al., 

2003]. 

ADAMs N-

, , 

( ), 
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, in vivo

. 

. , 

ADAMs , 

. 

[Seals et al., 2003]. 

ADAMs . -

  7-9
2+. 

(1,10- , ), 

, 

, ,  –

. 

(TIMPs), 

(MMPs), 

ADAMs. , 

, 

[Seals et al., 2003].  

, , 

, –

HEXXHXXGXXH, 

, Met- , 

( ) ( . 

2). Glu 12-

, 

, N- , 

Tyr Met- . 

« », , 
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, - . 

– . 

( ) , 

  

. N-

. /

. 

Asp 12-

( . 2). Glu ,   Asp , 

/ . 

N- . 

Met-

1 2 3 4 5 6 7 8 9 10 11 12 1 2 3 4 5

H E X X H X X G X X H E S XM X Y

H E X X H X X G X X H P S XM X Y

H E X X H X X G X X H S A XM X P

/ H E X X H X X G X X H D C XM X P

H E X X H         

. 2. Met-

. 

,  12-

[Jiang et al., 1992b]. 
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3. 

. 3

Astacus astacus, 1,8 Å, 

[Bode et al., 1992]. , 

(N- - ) , 

, . N-

N- , 

, 

ß- -

( . 3). 

-   

. Gly99, 

, -

. 

  

. 3. . 

[Bode et al., 1992]

-

N-
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Cys42-Cys198, 

Cys64-Cys84

. 

, 

, 

, . 

.    

. 

1/3 , . 

, , 

, - , 

hC [Stöcker et al., 1995]. , , 

. 

- , , 

, / , 

, 

, 

. HELMHAIGFYH

His92 His96  

, 

Glu93, 

HELTH, 

, . 

Gly99 , 

, 

. 

His102

( . 4) [Bode et al., 1992, 1993, Yiallouros et al., 2002].  
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His92

Glu93, . 

, Glu143, 

( ), HEXXH, 

, 

. , 

Glu93 (

),  . 

. 4. Met-

[Bode et al., 1993].  His92, 

His96 His 102, Tyr149

Glu93 -

Glu93Ala, 

. 

, 350 , 

Dns-Pro-Lys-Arg-Ala-Pro-Trp-Val. 

Glu93

. Glu93, , 



30

, 

[Yiallouros et al., 2000].  

, 

, 

. 

– , –

( [Rawlings et al., 1990]), –

[Baumann et al., 1993, 1994]. 

/ –

[Gomis-Rüth et al., 1994], . 

, 

,   

[Bode et al., 1995, Jiang et al., 1992b, Gomis-Rüth et al., 1993, 

Stocker et al., 1995]. , , Glu103, 

, 

, N-

Ala1. Glu103 Gln Ala

, 

. , Glu103 Ala1

[Yiallouros et al., 2002, Bode et al., 

1992, 1993]. , , Glu103

. 

, 

N- . 

Glu-1-Ala1, Ala N-

. Glu103

, N-

,   Glu-1-Ala1  

. 

Glu103, 
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(His102)

[Guevara et al., 2010]. 

, Met147 ( )

( . 3). –

( ), 

Met-

[Walasek et al., 2005]. , 

. , 

2 ( ) Met-

[Butler et al., 2004]. Erwinia

chrysanthemi  (PrtC) , 

, 

. 

, , - , 

[Oberholzer et al., 2009]. 

Met- AprA P. aeruginosa L-

, , , 

. 

, 

. , , Met-

. Met-

; SI(L,V)MHY

, 

Tyr149

. Tyr149, , 
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[Stöcker et al., 1995b]. 

, « »

. -

  Tyr149Phe, 

. , 

Tyr149 , , , 

  /

[Yiallouros et al., 2000]. Tyr149

Cu- [Gomis-Rüth et al., 1994a].  

, , 

/ , 

Tyr149 , , 

, ( . 4). 

N-   , 

. , 

( II)

PKMCGVT, 

, 

. 

  

( ),   

[Grams et al., 1993, Hite et al., 1992, Stöcker et al., 1995a]. 

-1

( -3) ( -2

), 

PRCGVPD , 

. 

. , Asp232

, , , 



33

N- . Asp232

Tyr [Sato et al., 

1994]. ( )

, 

HRCIHD [Gomis-Rüth et al., 2003]. 

, 

/ . 

  

, N-

, , 

[Grams et al., 1993, Springman et al., 1990], 

. 

:

1. Hg(II) pCMB, 

, Cys-S-Hg(II). 

2. , DTNB (5,5’- -2-

), 

Cys-SH Cys-S-S-R

3. N- (NEM) , 

Cys-S-R

4. NaOCl

Cys-SO3H

, 

Cys73 1

Cys73 . 

« » , 

, 

. , 
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. 

« »   

/ [Springman et al., 1990].  

. 5. 

[Springman et al., 1990]

4.

. 

, 

, . 

– . 

, 

. 

: , , . 
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. 

:

, , 

. 

, , 

,   

[Gomis-Rüth et al., 2003]. 

, 1 (

1) Drosophila

melanogaster  

. , -

, 

[Ge et al., 2006]. 

( hatching  ),   

, , 

, . , , 

, , , 

. 

, . 

. 

, , , , 

, [Sterchi et al., 2008].  

, 

, 

. 

, , , , , , 
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, , 

:

, , , , , 

  . , 

, 

. , S. marcescens P. 

aeruginosa , 

. , 

- , 

, ( ) , 

, , , , . 

, 

( , - ), 

, , , , 

[Walasek et al., 2005].  

. 

[Gomis-Rüth et al., 2003].  

( )

. 

, , 

, 

, , , 

, , , 

[Walasek et al., 2005].  
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, 

. 

, 

, . , 

[Gomis-Rüth et al., 2003]. 

, 

, 

. - , . - , 

, 

, 

, . , 

, , . 

, 

. - , -

, - , -

[Tallant et al., 2010].  

/ , 

, 

. 

, , 

, 

, 

[Matsui et al., 2000]. 

ADAMs, , 

. 
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, 

, , , 

- - . 

, 

. 

, , 

, , .  

- , 

. , 

, , 

[Gomis-Rüth et al., 

2003, Tallant et al., 2006]. , 

. 

, 

-

, 

[Li et al., 2008]. ;

. , 

- , , 

. 

- . -

- , 

. , 

, . 

, -
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, 

[Li et

al., 2008]. 

, 

, 

. 

, 

, 

[Sterchi et al., 2008]. 

5. 

( )

. 

:

;

, 

(

, Met- , 

), , 

( , ), 

;

, , 

;

, 

-



40

. 
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1.   

B. subtilis, pSA1

- B. subtilis BG2036

( . Eugenio Ferrarri, Genencor Int. Inc., USA). 

pSA1, pCB22

[Sorokin et al., 1990], B. intermedius mprBi

. 6

B. intermedius, 4 ( pCM4

. . . ). 

mprBi

«GeneBank» ACE75740.2. B. subtilis

[Anagnostopolous, Spizizen et al., 1961].  

2. 

B. subtilis BG2036

(pSA1) c ( / ):

(Sigma, ) – 17, (Sigma, ) – 10, NaCl – 3, 

CaCl2 – 0,1, MgSO4 – 0,1, MnSO4 – 0,1, NH4Cl – 0,1, 7,7  ( -

) [ ., 2000]; L- ( LB, - ) ( / ):

–10; – 5; NaCl – 5; 7,7 [Sambrook et al., 1989].  

Na2HPO4

0,35 / . 

, 

10 30 / 0,8 1,6 / . 

, , 

, , 

0,1 2 / , 

.  : Zn2+ 0,5 –
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3,0 , Mg2+ 3,0 – 9,0 , Ca2+ 4,0 – 18,0 , Mn2+ 2,0 – 6,0 Fe2+ 0,5 – 2,0

. 

1 / . 

1 . 

(B.Braun, ) 200 / 37°

30 . 1:5. 

16- (1% v/v). 

20 8 . 

/ .  

, 

-2 590 . 

. 

Bacillus subtilis

( Carl Zeiss Jena, ) 1600 4

. 

.      

3. 

. 

24, 30 36

(5 10 . / ) 0,85%

NaCl. (1 / )

(Sigma, ) 10 -HCl  (Sigma, ) 8,5

20% ( , ) 25 . 

. 

10 . / 15 . 

. 
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0,1% -100 (Ferak Berlin, ) 0,1 -HCl

8,0 50 NaCl, 1 NaCl 20 % . 

20

(13 . / , 20 ). 

. 

5 -HCl 7,8

4° . (1 / ) (Koch-Light Limited, 

),  30

30 15 . / . 

. , 

5

PMSF (Serva, ). 

/

. 

4. 

(

, 1985), , 

1 / 280 = 1 ( . .)

1 , [Bradford, 1976]. 

5. 

(Sigma, ) [Charney et al., 1947, Demidyuk et al., 

2004]. 100 (   10 / 0,05

-HCl 7,3 5 2+) 50

37 º 1 , 10%

  10 . 

7 13 . / , 250

50 4 NaOH. 
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, , 

1 37 º , 50 . 

(Bio-Rad, )

450 . 

, 1 1 .  

  

%   . . 

/

. 

, 

(Serva, ) [ , 1971]. 

2% 0,1 -HCl , 9,0. 

1 1 15

37° , 2 5%-

20 , . 1

5 6%- Na2CO3 1 . 20

, 

670 . 

: 1

2 5%-   20 37° , 

1 2%- 15

. , . 

:

15

28)( 0 PDD k ⋅⋅−
=ΠΑ , 

D0-Dk – 670 ;

28 – , 

, 
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– , 

15 – , . 

,   , 

( ) Do – Dk, 

. 

181 (1

= 181 ). 

, 1 1 1

.  

6. 

- , 

. [Stepanov et al., 

1983], - (Sigma, ), - HiTrap (Pharmacia, 

). 

B. intermedius 1

B. subtilis

:

0,3-0,8; 0,2-0,8; 0,3-0,7 0,2-0,7. 

0,05 -HCl 7,3

( - 5%- BaCl2). 

(1 13 ) -

, 0,05 -HCl 7,3, 5 2+
. 

, 1 NaCl 7%

. 

0,05 -HCl 7,3 5 2+.  

-

-

0,01 -HCl 8,0 5 2+
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(1 7 ) - , . 

, 0,6 NaCl. 

0,05 -HCl

7,3 5 2+ . 

-   

, , 

. , 

35%. -

1 , 0,05 -HCl 7,3 5 2+, 

35% , , 

0,05 -HCl 7,3 5 2+, 35%

. 

20-15%.  

-

0,05 -HCl 7,3 5
2+. 

7. 

12,5%- SDS

[Laemmli, 1970]. 

12,5%, - – 0,12%. 20,6 -

HCl 0,24 , 8,3 -8,4. SDS

0,1 %. :

, 24% , 4% SDS, 10%

5 100° . 

, , 5 . 

: 30 20 , 

40 . , 45 %
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10% . 

(Serva, ) - (0,2% 45%

, 10% ) 15-20 , 

7% . : BSA

(66 ), (45 ), (21 ), (14,4 ) (Sigma, 

). 

ZnCl2

(http://www.molbiol.ru/protocol/17_03.html). 

30 . 

10 0,2 , 0,3

ZnCl2. 

. .  

, 

, 

mprBi http://www.expasy.net/tools/. 

8. MprBi

1

, 

. 

, 100 %

. :

PMSF, 1,10-

, pCMB, HgCl2 . 

0,5

5 .  

9. - (MALDI-TOF)

- . 
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. 

, (http://www.bioc.uzh.ch). 

- Vision 2000 TOF («ThermoBioanalysis», ). 

Peptide Mass

Fingerprint (http://www.matrixscience.com.) Peptide Mass (http://cn.expasy.org). 

10. N-

N-

Model 816 Protein Sequences ( , )

120 (Applied Biosystems, ). 

11.

Dnp-Ala-Ala-Leu-Arg-NH2, Dnp-Gly-Gly-Phe-Arg, 

Dnp-Gly-Gly-Ile-Arg, Dnp-Gly-Gly-Lys, Dnp-Gly-Gly-Leu-Arg, Dnp-Ala-Ala-Val-

Arg [ ., 1987]. 200

0,05 -HCl 7,0, 10 CaCl2,

200 50 , 

30 37 º , 40

50% . 

SP-

-25 (Pharmacia, ), 400 1

, 1,2 1

(Bio-Rad, ) 360 1 . 

:

at ⋅⋅
⋅⋅

=ΠΑ
15

2,1360 , 

1,2 – ( ), 

15 – Dnp- 360 , 

t – ( ), 

– ( ), 
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– . 

, 

1 1 .  

: - , 

(Sigma, ). -

- MALDI-TOF

(http:\expasy.net\tools). 

(Sigma, ) (Sigma, )

.  

12. MprBi

m B. intermedius, B. subtilis,

. , 

– «Excel». 

k :  

k = Vmax/[E] ,                            

[E] – . 

http://www.expasy.net/tools/. 

- -

-

0,05 -HCl 5 2+ 7,2 9,5. 

-   0,05

-HCl 7,2 9,5 24

, .  

0,05 -HCl 8,0 5 2+, 

22, 37, 45, 50, 55, 60, 65, 70º . 



50

40 22º 70º

.  

, , , 

1 20 , –

0,01 20 . 

  

15 ,   

. (100 %)

.  

13. 

STATGRAPHICS, 

, 

.  

  

Microsoft Excel. 

95%- .  
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1. B. subtilis

B.subtilis

: LB

- , 

Bacillus intermedius [

., 2000, ., 2002, Balaban et al., 2004, 

., 2004, 2005, ., 2006 , ., 2006, 2007, 

., 2008]. 

(OD590), , 

( . 6). 

0

0,2

0,4

0,6

0,8

1

1,2

1,4

1,6

LB -

O
D

59
0; , 

,
; 

, 
. 

.

OD590

. 6. - LB -

–

MprBi B. subtilis

, , 

-

LB. -

. 
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2. MprBi

B. subtilis

MprBi B. subtilis

- , 

17- , 

29-31 , . 

B. subtilis

( . 7).  

5 1,10- , 5

PMSF , 

( . 1).   

1

B. subtilis

, 5 , %

PMSF 98
1,10- 1,2

( ) 100

B. 

subtilis , 6

. 

, MprBi

, . 
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0

0,2

0,4

0,6

0,8

1

1,2

1,4

1,6

1,8

2 8 14 20 26 32 38 44 50 56 62 68 74 80

, 
/

0

0,05

0,1

0,15

0,2

0,25

0,3

0,35

OD590

  

. 7. 

1 –   

2 –   

3 –

4 –

5 –

3. MprBi

B. subtilis

MprBi

  ( , 

, ) B. subtilis. 

B. subtilis. , 

( . 2). , MprBi

1

2

3

4

5

100

90

80

70

60

50

40

30

20

10

0

, %
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.  

2

  B. subtilis

, / ×103

24 30 36
. . . . . . 

715 32 1324 39 910 45

4,6 3,1 5,0 3,4 6,0 5,5

7,8 8,2 8,7 8,1 9,2 9,0
3,4 3,7 5,0 4,8 6,9 7,0

4. 

MprBi

B.subtilis

–

MprBi. 

. , 

3. 

. 8 9

MprBi

, 

. , 

19 /

1,3 / -

20 / 1,45 / ( . 8, 9). 

3
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MprBi B. subtilis  

MprBi
, 

/
, 

. . 
1 / 2 /

-1 10 -1 0,8 0,291 1,11

-1 10 0 1,2 0,5 1,53

-1 10 + 1,6 0,39 1,62

0 20 -1 0,8 0,464 1,65

0 20 0 1,2 0,736 2,2

0 20 + 1,6 0,696 2,4

+ 30 -1 0,8 0,3 1,3

+ 30 0 1,2 0,27 1,5

+ 30 + 1,6 0,33 1,32

0,31 1,1

. 8. 

MprBi

, 
/

, /
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. 9. 

B. subtilis

, -

20 /

1,4 / . 

2,4 , 2

. 

, 

. 

(20 / ) (1,4 / ) , 

0,1 2 / . 

B. subtilis

. 1 2 /

55-60% 30-

40% ( 10). 

, 
/

, /
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0
20
40
60
80

100
120
140
160
180
200

1 2 1 2 1 2 1 2

0,1 / 0,5 / 1 / 2 /

, /

, 
%

. 10.     

MprBi B.subtilis

1 –

2 –

  1-2

/

, 

( . 11, 12)

20 / . 

: 0,5, 1,0

1,5 / 0,8, 1,2 1,6 / . , 

4. 

, 

1 / 4

4,6 , 

( . 4). 
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4

MprBi B. subtilis

MprBi
, 

/
, 

. . 
1 / 2 /

-1 0,5 -1 0,8 0,6 3

-1 0,5 0 1,2 0,5 2,8

-1 0,5 + 1,6 0,62 4,9

0 1 -1 0,8 1,02 5,06

0 1 0 1,2 1,25 5,16

0 1 + 1,6 0,9 4,38

+ 1,5 -1 0,8 0,43 2,3

+ 1,5 0 1,2 0,7 4,4

+ 1,5 + 1,6 0,73 3,84

0,31 1,1

. 11. 

B. subtilis

, 
/

, /
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. 12. 

B. subtilis

  

, 20 / , 1,4 /

1 / .  

, 

. 

  

. 

0,1 / 0,5 / , 

0,1 / 2 , 

– 5 . 

1-2 /

( . 13). , 

MprBi

. 

, MprBi

0,1 / . 

, 
/

, /



60

0

100

200

300

400

500

600

700

1 2 1 2 1 2 1 2

0,1 / 0,5 / 1 / 2 /

, /

, 
%

. 13.     

MprBi B. subtilis

1 –

2 –

MprBi

B. subtilis

4 ( . 5). 

5

  

, / , . .

0,31 1,1

1,37 4,4
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5. MprBi, 

MprBi, 

B. subtilis, 

. MprBi

: , 

-

- - .  

. 4

: 0,2 – 0,8; 0,2 – 0,7; 0,3 – 0,7 0,3

– 0,8. , 

0,2 - 0,7. -

54%, 20 ( . 6). 

, 

0,2 - 0,7. 

6  

B. subtilis

, %

0,3 – 0,8
0,2 – 0,8
0,3 – 0,7
0,2 – 0,7  

9,5
10
9,1
20,6

10,2
40,5
16,8
54

- , 

( 48 )

, 19% ( . 7, . 

15 ). 
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7

MprBi -

V, 280,
.

, 
. 

. . 
, 

./

, 
%

-

760

24

149

11400

312

47,5

595

322

114,3

0,05

1,03

2,41

1

20,6

48,2

100

54

19,2

SDS- , 

- 4- ( . 14, 

3).  

. 14. SDS-

1 – : BSA (66 ), (45 ), (21 ), 

(14,4 )

2 –

3 – -

4 - (1 )

5 - - (2 )

6 - - (3 )

       66

   
             45

             21

           14,4

       1         2         3       4          5        6

19
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.  

1 – - . 

-

- . 180

, - 6,8% ( .8).  

SDS- , 

- 3- ( . 

14, 4). 

, -

.  

8

MprBi - -

V, 280, 
.

, 
.,  

. . 
, 

/

, %

.

-

DEAE-

760

24

149

60,5

11400

312

47,5

4,32

595

322

114,3

40,3

0,05

1,03

2,41

9,3

1

20,6

48,2

186

100

54

19,2

6,8

100

2,74

0,42

0,037

2- – MprBi -

- . , -

, -

« ». 

250 ,  

- 9 %. ( . 9).  
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SDS-

- ( . 14, 5). 

9  

MprBi - -

V, 280

., .,  
. . 

,
/

, %

.

-

-

760

24

149

82,5

11400

312

47,5

4,1

595

322

114,3

52,0

0,05

1,03

2,41

12,7

1

20,6

48,2

254

100

54

19,2

8,7

100

2,74

0,42

0,036

3- – -

.  

-

, 

.  -

( . 10).  

-

2

  MprBi ( . 14, 6). 

300, – 12%, 3%  , 

( . 10, .15 ). 

, 

, 19 ( . 14). 
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T 10  

-

V, 
., ., 

. . 
,

/

, %

.

-

760

24

70

11400

312

4,8

595

322

72,1

0,05

1,03

15,0

1

20,6

300

100

54

12,1

100

2,74

0,042

0

0,1

0,2

0,3

0,4

0,5

0,6

1 4 7 10 13 16 19 22 25 28 31 34

, 
/

. 15. MprBi

– -

– -   

6. MprBi  

, PMSF

, 1,10-

, , 

0

5

10

15

20

25

30

35

40

1 3 5 7 9 1113 15 1719 21 23

(N
H 4

) 2
S

O
4,

 %

0

0,05

0,1

0,15

0,2

0,25

, 
/
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( . 11). 

pCMB , 

. 

11

MprBi

, %

0,5 5
PMSF 93,9 91,2

96 5,7
1,10- 5,8 0

pCMB 94,2 1,9
HgCl2 51,1 39,7

97 100

7. N-

MprBi MALDI-TOF - -

( . 16). N-

MprBi, 10

ASTGSQKVTV N- ( . 17) ( . ). 

, B. 

intermedius 174 ( . 16). 

MprBi 19050 , 

, .  

N- ( )

– ( ) ( ).  



67

. 16. MALDI-TOF - , 

MprBi . 

. 

, . 

( )

, 

mprBi (AN 75740.2). 
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, 66

, 

174 ( . 17). 

1     ASTGSQKVTV      YAVADAQYRA        KYSDWQTRIV     SIIEQADVTF
41   NRDHDVDFVV      QAVGSWTSS           GSNAEQILSNL      SRSFDGRGYD
81   FVTGFTANPN        FDAGGIAYVY          NSAPSGSAFA      VNLDQGTANT
121 AKAATHEYGH      NFGLPHDPQG          SGIVCLMNYD     YSYTVDFFDA
161 AHKNQVNRNK     AWYR

. 17. MprBi. 10

N- (ASTGSQKVTV). 

( ) Met-

( )

8.

MprBi

MprBi  

(

) HEVGHNFGLPHD,   

( . 18).  

His126, His130

His136, Glu127, , 

Gly133 . 

[Gomis-Rüth et al., 2009]. 

MprBi .   

MprBi

Met147, Cys145 Tyr149. 

MprBi , 

CLMNY Met- , 
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8 -

. MprBi

, 

MprBi ( Met-

). 

  Met-

                 

( )  H E L M H A I G F Y H E S I M H Y
-MEP ( )  H E I L H A L G F F H E S L M H Y
-MEP ( )  H E F L H A L G F W H E S V M H Y

BMP1/ C-
( )

H E L G H V V G F W H E S I M H Y

SPAN/BP10
( )  

H E I G H A I G F H H E S I M H Y

-
(Dr. melanogaster)  

H E L G H T I G F H H E S I M H Y

(F.meningosepticum)
H E I M H S M G I M H E S V M M Y

                 

Serratia  H E I G H A L G L S H P S L M S Y
B  

(E. chrysanthemi)  
H E I G H A L G L S H P S I M S Y

P.aeruginosa H E I G H T L G L S H P S V M S Y
                 

MMP-1 ( 1
)

H E L G H S L G L S H S A L M Y P

MMP-3 (
-1)  

H E I G H S L G L F H S A L M Y P

8 (
2)

H E F G H S L G L A H S A L M Y P

                 

II
(C.adamanteus)

H E L G H N L G M E H D C I M R P

C  H E L G H N L G M E H D C I M R P
  H E L G H N L G M E H D C I M S D
] H E M A H N L G V S H D C I M S P

                  
                  

  
(B. thermoproteolyticus)  H E L T H A V T D Y T A

  

  
126127 12

8
12
9

130 13
1

132 13
3

13
4

135 13
6

13
7

  
14
5

14
6

14
7

14
8

14
9

MprBi (B. intermedius) H E Y G H N F G L P H D C L M N Y
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. 18. Met-

. 

Met- [Jiang et al., 1992b, Gong et al., 1998, Bode et

al., 1992, 1993]

9. MprBi  

MprBi

( . 12). MprBi

, . 

, 

, 

, . 

12

  

, / × 10-4

Dnp-Gly-Gly-Phe-Arg 51,48
Dnp-Gly-Gly-Leu-Arg 36,52

Dnp-Ala-Ala-Leu-Arg-NH2 28,16
Dnp-Gly-Gly-Ile-Arg 26,4
Dnp-Ala-Ala-Val-Arg 14,52

Dnp-Gly-Gly-Lys 5,72

-

. -

, 

( . 19), 

MprBi.  
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F VN QH L C GS H L VE A L Y L V C G E R G F F Y T P K A

. 19. - MprBi

PrtA

PrtA Photorhabdus

luminescens, , -

Val, Ala Leu [Marokhazi et al., 2007]. 

MprBi , 

  ( . . 32,9 / )

( . . 5,5 / ).  

10. 

Km MprBi

, 0,06 . kcat 1213 -

1. pI 5,4 ( . 13). 

11. - - MprBi

, - 0,05 -HCl

5 2+ 8,0. , 

( . 20 ). 

7,2 9,0 ( . 20 ). 

PrtA

MprBi

PrtA

MprBi
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0

0,1

0,2

0,3

0,4

0,5

0,6

0,7

7,2 7,4 7,6 7,8 8 8,5 9 9,5

, 
/

0
0,1
0,2
0,3
0,4
0,5
0,6
0,7
0,8

7,2 7,4 7,6 7,8 8 8,5 9 9,5

, 
/

. 20. - - -HCl

– -

– -

12. 

, 50-55°

( . 21 ). 22 55°

( . 21 ). 
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0
0,2
0,4
0,6
0,8

1
1,2
1,4

22 37 45 50 55 60 65 70
, 0

, 
/

0
0,1

0,2
0,3
0,4

0,5
0,6

0,7
0,8

22 37 45 50 55 60 65 70
, 0

, 
/

. 21. 

–   

–

13

- MprBi

- MprBi

Km, 
kcat, 

-1

pI
-

-
, °

, °

0,06
1213
5,4
8,0

7,2 – 9,0
55

22 - 55

13. 

MprBi

, 2+ Mg2+ 10
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30 20% . 2+, u2+ Ni2+ 1

20 , , 

. 

Zn2+ (0,01 ) , 

( . 

22). , Ca2+ Mg2+

. 

0

20

40

60

80

100

120

140

160

0,01 0,1 1 5 10 20

, %

. 22. 

MprBi  

1 – Zn2+; 2- Ca2+; 3 – Mg2+; 4 – Co2+; 5 – Cu2+; 6 – Ni2+

MprBi, B. 

subtilis, .

MprBi , 

/

. 

, (Tyr149 Met- N-

Ala1) .  

, 

.  

1 2 3 4 5 6
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B. subtilis BG2036,  

pSA1 B. intermedius (mprBi)

. -

, 

-

. , B. 

subtilis 30- , 

( - )

( )

( .7).  

B. subtilis. , 

36 . 72-80

, 

. 

, 

B. intermedius MprBi

B. subtilis , 

.  

MprBi

( . 2).  

26, 30 34 , 

. 

, , 

. 

. 
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2 ( . 2). 

. ,  

. 

, – .  

PMSF

10 , 

1,10- 5

. 

, .  

-

, 

:

, 

( , ), . . [Beg et al., 2002; Varela et al., 1996]. 

, 

[Adinarayana et al., 2002]. 

, , , 

[

., 1999]. 

, 

, [Lenski et al., 1988, Georgion, 

1988, ., 2000]. - , 

, , 

, 

, 

. 

B. intermedius 3-19
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, 

[ ., 2000].  

30

, , -

1,3 , LB, 

- .  

, 

[ ., 1995, 

., 2000, ., 2000, 2002].  

MprBi. , 

0,2-0,3 / [ ., 2004, 2005, 

., 2006]. 

-  

– MprBi. 

, 

, 

MprBi, 20 1,4 / ( . 8, 9, . 3).  

, 

B. subtilis

(1,4 / ). 

. 

, , , , , 

Candida albicans, 

[Benerjee et al., 1991]. , 

, Lactobacillus

plantarum [ , 1999]. , 
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1–10 / , 

B. intermedius 3-19

[ ., 2000]. , 5-20 /

B. intermedius B. subtilis, 

, - , 

. , 

B. intermedius

1 / 60% ( . 

10). , 

. 

, 1,0 1,4 /

. -  20 / . 

0,1 /

, 5 ( . 13). 

, - , , 

MprBi.  

, 

MprBi

B. subtilis ( / ): – 20, 

– 1,4, – 1, – 0,1. 

  4 -

( . 5). 

. 

. 
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(D-Pro-Gly) -

; , [Barrett et al., 

1998]. - B. stearothermophillus

- [Sookkheo

et al., 2000]. B. megaterium

- 4 [ ., 1993].  

. 

. 

, :

B. amyloliquefaciens NPR 68 [Cho et al., 2003], B. 

cereus 945 [Feder et al., 1971],  B. subtilis [ ., 2002, 2003]  

. 

.  

, 

(54%) 0,2 –

0,7  ( . 6).  

- - . MprBi

, 

( 60%), 48 ( . 15 ). 

. 

.  

1 . - . 

-
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180 , 

( 6,8%) ( . 8). 

, SDS-

( . 14, 4).  

-

B. 

subtilis. 

[ ., 2002, 2003]. 

2 . -

250

12,7 / , 

- 8,7% ( . 9, . 14, 5).  

3 . , 

. 

( - ), 

- . 

- . 

300   

, 15

/ . 

3%   (12,1%) ( . 10, . 

14, 6, .15 ). 

SDS-   

- 19 ( . 14).  

, 

MprBi, 4-5 1

B. subtilis. 
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, MprBi

( . 11). 

B. intermedius, 

MALDI-TOF- , 

MprBi 174 ( . 16). N-

, , . 

MprBi

HEVGHNFGLPHD, 

Met- CLMNY, 

8 - , 

B. intermedius

. , 

HEXXHXXGXXH Met-

( . 17). 

, MprBi, 

Met- . 

Asp, 

His, Cys Met-

MprBi / . 

Met- , «

» N-

. 

–

Flavobacterium meningosepticum [Pfleiderer et al., 1967] ( . 18). 

. /

( ). , 
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MprBi / , 

MprBi

(His136) Asp, Glu

( . 18). Glu103 ( ), 

, 

N- Ala1. Glu103 Gln Ala

, 

. , Glu103 Ala1

[Yiallouros et al., 2002, Bode et al., 

1992, 1993, Guevara, et al., 2010]. Glu103

( . 18), , 

Glu103 HELMHAIGFYHE

[Bode et al., 1992, Jiang et al., 1992b, Gomis-Rüth et al., 1993]. 

18, Asp, 

,  / . 

Glu , Asp /

[Yiallouros et al., 2002], 

, MprBi

.  

Met- MprBi :

Tyr149, 

, MprBi

Cys145, 

. , Tyr

, 

, -   [Gomis-

Rüth, 2003]. - 20 50

, , 

- DXXX (X –

) . 
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- DFIV [Hamada et al., 1996]. , 

- . 

MprBi N-

, 

. Cys145 Met- MprBi, 

/ , 

  .  

MprBi

BLAST   

. 

, 

. 

MprBi

92% 100 %. 

( Met- )

Bacillus pumilus (100%). 

Bacillus licheniformis, Bacillus amyloliquefaciens

Bacillus sp. 76% ( . 14).  

14

Met-
%

MprBi  
MprBi (B. intermedius 3-19) EU678894 HEYGHNFGLPHD CLMNY   

reprolysin (M12B)  
[B. pumilus ATCC 7061]

ZP_ 03055196.1 HEYGHNFGLPHD CLMNY 100  

BPUM_3392 [B. pumilus SAFR-
032]

YP_ 001488604.1 HEYGHNFGLPHD CLMNY 100
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BL03917 [B.  licheniformis
ATCC 14580]

YP_ 081058.1 HEFSHNFGLNHD CIMNY 76

BITM02A
Flags: [B. 
amyloliquefaciens DSM7]

CBI44320.1 HEFSHNFGLQHD CVMNY 76

RBAM_030640  
[B.  amyloliquefaciens

FZB42]

YP_001422626 HEFSHNFGLQHD CVMNY 76

B14911_09922 [Bacillus sp. 
NRRL B-14911]

ZP_01171403.1 HEFSHNFGLGHD CIMNY 76

BSG1_12336[Bacillus sp. SG-1] ZP_01859226.1 HEFSHNYGLGHD CIMNY 76

. 

Asp His

Cys Met- ,  

« », 

. , 

.  

, MprBi , 

  

/

. 

MprBi

( . 12). MprBi

, , 

[ ., 1991, Stöcker et al., 1990]. 

, 

Dnp-

Gly-Gly-Phe-Arg . MprBi
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, 

, , 

. , 

, , 

. , 

, 
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, , , -
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, .  

-

. -
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( . 19), 
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s ( )

. , PrtA

Photorhabdus luminescens, , 

- Val, Ala Leu [Marokhazi et al., 

2007]. Astacus astacus L –

- , , 

, , -
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3' 4', 
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, 

. , 

, [Beynon

et al., 1981]. Flavobacterium meningosepticum -
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1' [Bond et al., 1995]. 

Glu Asp
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-

.  , α-

Pro516-Met517, Naja

α-

Lys412-Leu413 Phe501-Asp502 [Matsui et al., 2000]. 

, MprBi, 

, 

.  

, 

8,0 ( . 20 ). , MprBi
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7,0 9,0: -

7,5-9,5 [Stöcker et al., 

1995b, Bond et al., 1995], 

6,0 10,0 8,0 [Morichara et al., 

1973], 7,0 [Gomis-Rüth, 



87

2003], 

( 7,5) [Matsui et al., 2000, Gong et al., 1998]. 

, MprBi

, . 

50-55°

( . 21 ). 

: NprM B. megaterium

58° [Kuhn et al., 1993], B.stearothermophillus S, N B

70°, 85° 90° . [Sookkheo et al., 

2000], B. cereus 3674 – 70° . [Kim et al., 2001].  

MprBi 22° 55° 1

( . 21 ). 

B. subtilis [Tran et al., 1991]. 

: B. stearothermophillus S, N B

30 72°, 78° 90°

[Sookkheo et al.,2000]. 

80° 1 [Rao et al., 1998, Kuhn

et al., 2002].  
2+ Zn2+

. , 

, 

0,5 5 [Gomis-Rüth, 

2003]. , 

, 7 6

, 

[Gong et al., 1998]. 

. 
2+ Mg2+ 10 , 

( . 22).  , 
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. , 
2+ - [Seals et al., 2003].  

2+

( ). -

  

, . 

, 

( , 

- - ), 

( , 

, ). 

( ), 

[Vieille et

al., 2001, ., 2003]. 

. 

, , 

, 

, [Häse et al., 1993, Kumar et al., 

2000]. , 

B. stearothermophilus

[Mansfeld et al., 1997].  

, , 

, , 

, , 

.  

, , 
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N- , 

. , 

, , 

. , , 1-
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, , , 

, 

[Barrett, 1998, Veltman et al., 1997, 1998]. 

, ( 3

4)

, [Pauptit et al., 1988]. 

MprBi , 

( . 17), , 

, 

, 

. 2+ Mg2+

30% 20%

, 

MprBi. 

MprBi , 

, , 

. 

/

, . 

MprBi , , 
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, , MprBi, 

, , 

. 

MprBi

(http://blast.ncbi.nlm.nih.gov/Blast.cgi) , 

, 

. , 

, , 

, , . 

, MprBi

, . 

, , MprBi

, 

, . . 

, 

MprBi. 

MprBi . 

, 

. 
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350 11,3%. 

19 kDa

3. MALDI-TOF
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4. , MprBi

5. , MprBi

, 

. -

8,0, MprBi 22-55º
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