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-5'-

3,3’-

1,4-

 ( ) 

-20

-3',5'-

-3',5'-

AIM-1 /Ipl1p-  (Aurora/Ipl1p-related kinase)

CaM

CaMK Ca2+/CaM-  (Ca2+/CaM-dependent protein Kinase)

CAPS 3-( )-1-

CPI-17

I  17 ,  PKC (PKC-potentiated PP1

Inhibitory protein of 17 kDa)

DAPI 4',6- -2-
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DAPK ,  (Death Associated Protein

Kinase)

DEAE-

Dlk ,  DAPK (DAP like kinase)

DPCC

GSK

GST -S-

ILK  (Integrin Linked Kinase)

IPTG -D-

ILKAP ,  ILK

KRP ,  (Kinase Related Protein)

LMM

 (Mitogen Activated Protein

Kinase)

MAPKAP ,  MAPK (MAPK – activated protein

kinase)

MEK , 

(Mitogen/Extracellular signal-regulated Kinase)

MES 2-(N-

MOPS 3-(N-

MRCK , ,

 Cdc42 (Myotonic dystrophy kinase Related Cdc42-

binding Kinase)

MYPT  (Myosin Phosphatase

Target Subunit)

M-RIP ,  RhoA  (Myosin phosphatase-

Rho Interacting Protein)

PAK ,  p21 (p21-activated proteinkinase)

Par-4  – 4 (Prostate apoptosis response-4)

PI3K -4,5-  3-  (PhosphatidylInositol-

4,5-bisphosphate 3-Kinase)

PIP3  (3,4,5)-  (phosphatidylinositol

(3,4,5)-trisphosphate)

PKA
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PKC Ca2+

PKG  -

ROCK ,  Rho, Rho-  (Rho-activated kinase)

RSK  S6 ,  90  (p90 ribosomal S6

kinase)

SMTNL ,  (SMooTheliN-Like)

PVDF

TPCK L-( -2- ) 

VIP  (Vasoactive Intestinal Peptide)

ZIPK ,  (Zipper

Interacting Protein Kinase)

WT  (wild type)
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, 

. 

 (Ogut  and  Brozovich,  2008),  ,

, 

, .

, 

)  Ser19   

. 

), 2+

([ 2+]i) .

, 

),  (Barany, 1996).

 [ 2+]i, 

. 

. 

 [Ca2+]i , 

 (Wirth, 2010, Lee et al., 2004, Connolly and Aaronson, 2011, Cho et al., 2011),

 (Miwa et al., 2005, Obara et al., 2005), 

(Ozaki et al., 2005),  (Kim et al., 2008).  

, 

.

, 2+

. 2+ ), 

 (Puetz et al., 2009). , 2+-

,

. 

  ZIPK (Zipper  Interacting Protein

Kinase)  ILK (Integrin Linked Kinase) (Niiro and Ikebe, 2001, Deng et al., 2001).
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 ( , ,  NO

 VIP)  (PKA  PKG) 

. 2+- ). 2+

 (Murthy, 2006)

 (Kamm and Stull, 2001). 

 C 2+  KRP (Kinase  Related

Protein),  (Krymsky et al.,

2001).  KRP – , . telos . kinase, 

 « » (Ito et al., 1989). KRP 

 17 . KRP 

. ,  KRP 

,  KRP-  (Shirinsky et al.,

1993, Silver et al., 1997). , 

, 

, KRP 

 (Khromov et al., 2006). , KRP 

, 

, , 

, 

, . 

,  KRP 

 (Masato

et al., 1997, Silver et al., 1997). ,   KRP 

 ( ) , 

. 

.

,  KRP 

 (Krymsky et al., 2001). ,  Ser19

KRP,  Ser13

KRP  (Khapchaev et al., 2004). 

 KRP 

. 

KRP .
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1.

. 

, 

 (Geeves and Holmes, 2005).

, 

 ( )  ( . . 1.1) 

, , , .

), 2+-  (CaM)

(Kamm and Stull, 2001). 
2+  ([Ca2+]i). 

Ca2+  Ca2+

.
2+

2+  (Berridge, 2008). 
2+ .

) (Hartshorne et al., 2004), .

, 

. 

 [Ca2+]i. 

, 

 [Ca2+]i,  

 Ca2+ , 2+  (Pfitzer, 2001,

Somlyo and Somlyo, 2003).

. , ,

, , , , , 

, . 

. ,
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, , 

 (Reho et al., 2014).

.  3 

:

1. 

 ( ) ;

2. ,

, 

 ( );

3.   (Kim  et  al.,

2008).

, 

, 

 (Walsh, 1994, Vorotnikov et al., 2002). 

. 

  

.

1.1.

 II , 

 ( 200 )  – 

(17  20 , ).  N-

», 

. .

, 

. 

.  « »  – 

,  « » (Barany, 1996)

. 1.

 (Xu et al.,

1996). ,  « » 

. . ,

» 

(Geeves and Holmes, 2005, Sweeney and Houdusse, 2010).
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. 1.  II .
,  2- ,  2- :  ( ) 

 ( ). N-  (« »),
, . 

)  ( ) 
 « ». «P» . 

 (heavy meromyosin, HMM)  (light
meromyosin, LMM).  1 
2 (S1  S2)  LMM.

: 

 (  6S), ,

 (10S)  ( . . 2). 

,  10S  (Trybus et al., 1982). 

, « » 

, . 

.  10S  6S

 ( ) (Craig et al.,

1983). 

 KRP,  « »  (Shirinsky et al., 1993),

 p38, 

(Okagaki et al., 2000).
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. 2. 
 II .  10S , 

,  .
 6S   .

, 

. 

, : -

. -

 (Wendt et al., 2001, Liu et al., 2003, Burgess et al., 2007).

. , ,

 (Ni et al., 2012, Espinoza-Fonseca et al., 2014, Taylor et al.,

2014).   

 (Baumann et al., 2012). 

 (Sellers, 1991).  

. 

, , 

 (Ellison et al., 2000, Rovner et al., 2006, Tanaka et al., 2008, Walcott et

al., 2009).
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2.

, . 

, , 

, 2+ , , 

. , 

, 

, 

 (Ihara and Macdonald, 2007, Takeya et al., 2014). 

, . 

,  3

: 1) ; 2) 

; 3) .

2.1. 

2.1.1. 

 ( ) – 2+

,  Ser/Thr . 

mylk1, mylk2  mylk3 (Herring et al., 2006, Takashima, 2009). Mylk2

 mylk3 ,  (Zhi et al., 2005, Chan

et al., 2008). mylk1, ,

, , , 

 (Gallagher et al., 1995, Birukov et al., 1998, Herring et

al., 2000, Kamm and Stull, 2001). mylk1  3 

:    220  ( )  210  ( ),

 130  ( )  108  ( ),  KRP 

 17 ,  ( . . 3 . «

»)1. 

, . 

 « » 

 130(108)  ( ., 2003, Herring et al., 2006). , ,

.

1
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. , 

, , ,

, . , 

 5-6

 (He et al., 2008, Zhang

et al., 2010).

. 3.  KRP.
 108  ,   61   KRP  

 17 . , 3
 (Ig)- ,  (Fn)-   

.  ( 2+ -
) . 

,  Ig-  Fn- . KRP  Ig-
. 

, , 
 (Olson et al., 1990). .

. 3.  N-

,  DFRXXL . 

, , 

KPV/A  ,   12  .  .

, ,  (Ig1

 Ig2). , . 

 (Fn;  3), .

. 
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, . 

, 2+  ( ., 2003,

Hong et al., 2011). 

.  ,  KRP (Gallagher and Herring, 1991,

Collinge et al., 1992, Yoshikai and Ikebe, 1992). 

 KRP- . 

. ,  61 ,

 ( . . 3), 
2+  (Ikebe et al., 1987).

 II 

Ser19 (Pearson et al., 1984). in vitro

 Thr18, , 

Ser19,  (Ikebe and Hartshorne,

1985). ,  Thr18 in

vivo (Takeya et al., 2014). ,

, .

 BRENDA2, Km    Km  ~5–20 µM  0,05 – 0,2 M

, Vmax  2–20 µ .

2.1.2. 

 [Ca2+]i.

 [Ca2+]i (pCa  8) , 

, 

. 

.

 [Ca2+]i (pCa  7)  Ca2+/CaM (Walsh,

1994). 2+/CaM 

, 

 (Gallagher et al., 1997).

,  [Ca2+]i 

. , 

. 

, . 

2  http://www.brenda-enzymes.org/enzyme.php?ecno=2.7.11.18

http://www.brenda-enzymes.org/enzyme.php?ecno=2.7.11.18
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, .

,  

,  KRP ( . . 3 . « »).

.

: 1) , 
2+ ; 2) ,  KRP-

; 3) 

 N-  ( .,

2003).

 in vitro:

 (PKA) (Conti and Adelstein, 1981),  -

 (PKG) (Nishikawa et al., 1984), PKC (Nishikawa et al., 1985), 2+ -

 II  ( II) (Hashimoto and Soderling, 1990)  p21-

 2  ( 2)  (Goeckeler  et  al.,  2000).   

 (  Ser815)3 2+  10 .

, 2+

, , , , 
2+ , 

. , , 
2+ , 

(Conti and Adelstein, 1981).

,  -  -

, , 

 (de Lanerolle et al., 1984). 

, 

, ,

 (Miller  et  al.,  1983,  Stull  et  al.,  1990,  Van  Riper  et  al.,

1995). 

.

, 

, .

, , 

3 , , 
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 Ser827,   PKG  –   Ser828,  3 

(GSK3) –  Ser831,  MAP-  –  Ser834 ( ., 2003). 

 Ser828  PKA,  PKG 

(Conti and Adelstein, 1981, Nishikawa et al., 1984).  PAK  MAPK 

in vitro (Sanders et al., 1999, , 2004). 

, 

.

, , in vivo,

(Vorotnikov  et  al.,  2002).   KRP- ,  

 KRP, ,  KRP 

 (Krymsky et al., 2001). , , 

KRP ( . . 3 . « »).

 N-

, , . ,

, ,  Thr43, -

, , 

in vitro , 2004).

 KRP. ,  2

, , 

 KRP- . KRP-

 « ».  KRP-

 Km  3 ,  (  7

 22 ).  Km .

,  KRP-

 (Numata et al., 2001).  KRP

,  KRP-  (Masato and

Numata, 1997, Silver et al., 1997). ,  KRP  KRP-

 « »  ,  

. , KRP 

, 

 (Collinge et al., 1992, Shirinsky et al., 1993). 

 KRP .  

,  KRP , 
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 KRP-  (Shirinsky et al., 1993,

Silver  et  al.,  1997).  ,  

.

2.2. Ca2+

2+

, . 

 [Ca2+]i (pCa > 8), , 

. 

. 

 15-30%  (Ratz, 2011).

, 

, , 2+

 (Ihara et al., 2007 ). 

 1  2 , -LR (Weber et al.,

1999, Kureishi et al. 1999),  (Obara et al., 1989)  (Ishihara

et al., 1989, Suzuki and Itoh, 1993).  (

pCa > 8), . , 

, , . 

, 2+ , 

, . ,  Ca2+-

, , , 

 (Weber et al., 1999, Wilson et al., 2005).

, , 

.  ,  

 Ser19 ,

. 1.  « » , 

, 

, , . 

»  , 

. ,

, ,    « » ,  CaMKII (Kim

et al., 2000)  PAK (Van Eyk et al., 1998) .

, 
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. 2+

 ILK (Deng et al., 2001), ZIPK (Niiro and Ikebe, 2001)  ROCK (Kureishi et

al., 1997). ROCK , 

 Ser19 (Kureishi et al., 1997). , 

, , 

-LR),  ROCK (Kureishi et al.,

1999, Deng et al., 2001, Wilson et al., 2005 .). ,  ROCK 

, . ,  ROCK 

,  

 ( . . 2.3). 

, , ,  ILK 

ZIPK (Ihara and Macdonald, 2007). ,  ( . .

2.2.1-2). ,  ILK  ZIPK , 

, 

.

, 

 Ser19,  Thr18 (Weber et al., 1999). 

  

 (Takeya et al., 2014).   

. , ,

  (Harada et al., 1995, Katsumata et

al.,  1997).  ,   

 (Obara et al., 2005),  

(Seto et al., 1993) . , « » , 

 Ser19  Thr18 ,  ILK  ZIPK,

.
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 1. .

in vivo

Ser19 >> Thr18 Km =5-12µ
Kcat =21-62 -1 Ca2+/CaM Hong et al., 2011

Ser19 = Thr18 Km = 7 µ
Kcat = 0,3 -1 RhoA Yamashiro et al.,

2003

AIM-14 Ser19 .5 Murata-Hori et al.,
2000

CaMKI6 Ser19 Km = 26 µ
Kcat = 1,7 -1 Ca2+/CaM Suizu et al., 2002

CaMKII7 Ser19 . . Ca2+/CaM Edelman et al.,
1990

DAPK8 Ser19 = Thr18 Km = 36 µ
Kcat = 0,06 -1 Ca2+/CaM Jin et al., 2001

ILK Ser19 = Thr18 . PIP39
Deng et al., 2001

MAPKAP210 Ser19 . . . MAPK Komatsu and
Hosoya, 1996

MRCK 11 Ser19 . . . . Leung et al., 1998

PAK2 Ser19 Km = 12 µ
Kcat = 0,2 -1

Cdc42
Rac Chew et al., 1998

PAK3 Ser19 . . . . Cdc42
Rac

Van Eyk et al.,
1998

RSK212 Ser19 . . . . Suizu et al., 2000

ROCK13 Ser19 > Thr18 Km = 3µ
Kcat = 0,3 -1 RhoA Amano et al., 1996

ZIPK-L Ser19 = Thr18 Km = 1-10 µ
Kcat = 0,2-0,7 -1

Niiro and Ikebe,
2001

Murata-Hori et al.,
2001

ZIPK-S Ser19 = Thr18 Km = 73 µ
Kcat = 0,8 -1 . . Takamoto et al.,

2006
ZIP-like

Ser19 = Thr18
Km = 53 µ
Kcat = 2 10-2 -1 Borman et al.,

2002

4AIM-1, (Aurora/Ipl1p-related kinase) – /Ipl1p-
5 . – 
6 CaMKI, Ca2+/CaM-dependent protein Kinase I - Ca2+/CaM-  1
7CaMKII, Ca2+/CaM-dependent protein kinase II- Ca2+/CaM-  2
8 DAPK, Death associated protein kinase – , 
9PIP3, phosphatidylinositol (3,4,5)-trisphosphate –  (3,4,5)-
10 MAPKAP2, MAPK-activated protein kinase 2 – ,  MAPK 2
11 MRCK (myotonic dystrophy kinase related Cdc42-binding kinase) – ,

,  Cdc42
12RSK2, p90 ribosomal S6 kinase-2 –  S6 ,  90 
13 ROCK, Rho-activated kinase – ,  Rho, Rho-
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2.2.1. ZIP-

ZIP-  (Zipper-Interacting Protein  Kinase – , 

; : DAPK3; Dlk, DAP like kinase) 

 Ca2+/CaM-  Ser/Thr ,  DAP- , 

, , -

, 

.. ZIP-

, ,    (Usui et

al., 2014).

ZIPK  54  (ZIPK-L, 448-454 

. ) , 

 ( , , , , ) (Kögel et

al., 1998, Kawai et al., 1998, Niiro and Ikebe, 2001, Endo et al., 2004, Vetterkind and Morgan,

2009).  ZIPK 

(ZIPK-S)  37  (322 ).

 ZIPK-S  N-

ZIPK-L ,  ZIPK-S 

 10  (Takamoto et al., 2006) ( . . 4). , 

 ( , , , ) 

 32 , ,

 ZIP-like  (MacDonald et al., 2001 ). 

 ZIPK-L, , ,

 ZIPK-L . ZIP-like ,

  ZIPK-S   (MacDonald  et  al.,  2001 ,  Borman  et  al.

2002,  Borman et al., 2007). ,  ZIP-like 

 ZIP- , 

 (Endo et al., 2004). , , 

 ZIPK-S (Takamoto et al., 2006).

 ZIP- .4.  N-

, 

 DAPK  80%,  49% (Kawai et al., 1998, Kögel et al., 1998).  ZIPK

 (273-342aa)

 Ca2+/CaM- . 

,  ZIP-
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. , 

 (  50  60 ), 

 DAP-  (Tereshko et al., 2001). 

,  ZIP-  (Kawai et al., 1998).

 ZIP-  4 ,

 (NLS- ) (Kögel et al., 1998)

. 4.  ZIPK.  ZIPK-L  ZIPK-S
 54   37  ,  .   ZIP-

 Rho- ,  ZIPK. 
,  ZIPK.

ZIP- 2+ , 

. , 

 Thr18, ZIP-  Ser19 ,  Thr18  (Niiro

and Ikebe, 2001). 

 ZIPK. ,  ZIPK 

(Takamoto et al., 2006).

ZIPK 

, . ZIPK 

,  (Borman et al.,

2002), , :

CPI-17  Par-4 (MacDonald et al., 2001 , Vetterkind and Morgan, 2009). 

 ZIP- . 2.3.

, ,

, ZIPK 2+ . ,
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 ZIPK  (Borman et al.,

2007).  Ser19

,   Thr696  (Niiro and Ikebe, 2001,

Borman et al., 2002, Moffat et al., 2011). , 

 Ser19

 ZIP- , .

 ZIPK , ,

, 

 ZIP-  DAPK.

, HS38, 

. ,  HS38, ,  5 

 ZIPK  DAPK1, 

. 

.  DAPK1

 Ca2+/CaM- ,  ZIPK 
2+ . ,  HS38 

 (Carlson et al., 2013). 

,   ZIPK 

Ca2+ .

 ZIPK. ,  Rho-

ZIPK  Thr265  Thr299 (Hagerty et al., 2007).

 Thr265  ZIPK (Graves et al., 2005, Sato et

al., 2006, Hagerty et al., 2007).  Thr299

, , ,  ZIP-

 (Graves et al., 2005). 

, ,  ZIP-

like , . 

 Rho- , Y-27632, 

 Rho-  ZIPK in vivo (MacDonald et al., 2001 ). 

 Rho- , 

HEK293,  RhoA  ZIPK 

  (Endo et al., 2004).

,   ZIPK,  DAP- . DAPK  ZIPK

. DAPK 
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ZIPK   6  :  Thr299, Ser309, Thr311, Ser312, Ser318, Ser326 (Shani et al., 2004). 

 ZIP-  DAP-

.

,  ZIP-

,  Thr265  Thr299

(Graves et al., 2005,  Hagerty et al., 2007).  ZIP- , 

 4 , : Thr180 ( -

), Thr225 ( ), Thr306  Thr311. 

Thr180  Thr225  ZIPK, 

Thr306  Thr311  (Graves et al., 2005).

,  ZIP- in vivo  RhoD,

 Rho- . RhoD  ZIPK,

,   RhoD  

 (Nehru et al., 2013).

2.2.2. ILK

 (Integrin-linked kinase, ILK) 

Ser/Thr  59 . ILK , 

1 (Hannigan et al., 1996). ILK

, ,  (

, , , ) (Hannigan et al., 1996, Deng et al., 2001, Wilson

et al., 2005, Friedrich et al., 2006,  Huang et al., 2006, Borman et al., 2007, Zhang et al., 2007, Ho

et al., 2008).  ILK , 

,  (McDonald et al., 2008). ILK

, , 

,  (Legate et al.,

2006, Ghatak et al., 2013).

 N-  5 , 

 (Chiswell et al., 2008). 

 (19% ), 

 (PH - ), 

-3,4,5- , PIP3 (Hannigan et al., 1996, Delcommenne et al.,

1998,  Melchior et al., 2002).  ILK . 5.
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. 5.  ILK.  ILK 
59 . ,  ZIPK.

 ILK . 

, , , 

 (Hanks et al., 1988).  

 DFG  (Asp-Phe-Gly)   HRD  (His-Arg-Asp).   HRD

, , 

, . 

DFG , , 

,  DVK (Asp-Val-Lys) (Ghatak et al., 2013). 

,  ILK 

 (Lynch et al. 1999, Boudeau et al. 2006, Ghatak et al., 2013). 

,  ILK 

in vitro. , 

, ILK  Mn  (  MgA ) 

, , m  Mn  150 ,  Mg  (Maydan et al., 2010).

, ILK , 

 (Hannigan et al., 2011).

ILK  ILK-PINCH- , 

 (Legate  et  al.,  2006),  

 ILK . ,

,  70% 

 (Kim et al., 2004). , , ILK

, .

. ILK
2+ /CaM-  Ser19  Thr18 (Deng et al., 2001,

Maydan et al., 2010).  ZIP- , ILK , 
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. ILK 

,  (Kiss and Murany,

2002, Murányi et al., 2002). , ILK 

 CPI -17 ,  (Deng

et al., 2002, Erd di et al., 2003) ( . . 2.3.).

 ( , CPI-17, MYPT1) . , , 

 ILK. 

,  (sstr3),

 (A1) ,  Gi- ,  ILK,

 CPI-17, 

(Huang et al., 2006). ,  ILK 

 (Huang et al., 2006, Ihara et al., 2007 ).

 ILK  Ca2+ , 

, , 

. 

ILK   (Kim  et  al.,  2004).  

, ,  10-9 . 

, .

 ILK 

,  CPI-17. ,

ILK. ,  ILK 

, .

 ILK, 

 ILK , (

 (Yau et al., 2005, Younes et al.,

2007)) 

 Ca2+ . 

,   ILK  ,

,  ZIPK.  ILK 2+

.
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 ILK. ILK , 

-(3,4,5)-  (PIP3) , 

. PIP3 -(4,5)-

 3-  (PI3K) (Delcommenne et al., 1998, Pasquali et al., 2007).

 PI3K ,

 Gi- , , ,  ILK (Huang et al.,

2006).

 ILK , 

 ILK (ILKAP).  ILKAP 

(Leung-hagesteijn et al., 2001, Kumar et al., 2004). 

 ILK,  (Maydan et al., 2010).

2.3. 

2.3.1. 

 1 (PP1).  1 

. 

,  (Bollen et al.,

2010). 

 1 (Myosin Phosphatase Target Subunit 1, MYPT1).

MYPT1 , 

 (Ito et al., 2004).  ( )

 1 , (PP1c ) 

 38 ,   MYPT1  110 , 

 (M20)  20  (Hartshorne et al., 1998).  

MYPT1 , 

 (Shimizu et al.,

1994).  MYPT1 

 (Alessi et al.,

1992, Shirazi et al., 1994, Tanaka et al., 1998).  M20 

.  M20  MYPT1 ,

, ,  MYPT1  (Butler et al., 2013).
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. 6. 
, MYPT1.  MYPT1  (  PPP1R12A)  130 .

 MYPT1 . 
MYPT1  Thr696/853 , ) ,

 Ser695/852 ( , ) .
 MYPT1 , ,

. , 
 MYPT1 .

 MYPT1 . 6. 

N-  MYPT1 -

 RVxF (Arg-Val-x-Phe),   

 PP1c . ,   8

, 

 (Terrak et al., 2004, Pinheiro et al., 2011). 

(Hirano et al., 1997).  MYPT1 

 ( . ) , , 



29

 (Johnson et al., 1997, Ito et al., 2004). , 

 MYPT1 

. 

20 (Butler et al., 2013). , 

 (Ito et al., 2004).

 MYPT1 

 MYPT1. 

. 

, 

 (Dippold and Fisher, 2014).

2.3.2. 

 MYPT1 (Tanaka et al., 1998). 

.  2

: 1)  MYPT1; 2) 

 ( ,  MYPT1).

 MYPT1.

MYPT1  Thr696  Thr853 in vitro, 

in vivo (Murányi et al., 2005, Khromov et al., 2009).14

. Rho- ,  Zip-

 Thr696  Thr853 (Feng et al., 1999, MacDonald  et al., 2001a, Borman et al.,

2002).  Thr696  ILK  (Kiss  et  al.,  2002,

Murányi et al., 2002). , in vitro ZIP-  Thr696, 

Thr853,   Rho- ,  ,   Thr853,  Thr696 (Hagerty et

al., 2007).

, ,

 Thr696  Thr853,  

, 

,  (Mori et al.,

14  MYPT1 (PPP1R12A)
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2009, Khromov et al., 2009). in vivo

 Thr853,  ,  .  

 MYPT1  Thr853  MYPT1 , 

 (Velasco et al., 2002). 

, 

 MYPT1 (Shin et al., 2002, Neppl et al., 2009). 

,  MYPT1  Thr853

, ,  MYPT1 

 (Shin et al., 2002, Ito et al., 2004).

,  Thr853, , 

.

 MYPT1  PKA  PKG 

 Ser695  Ser852

 Thr696  Thr853,  (Wooldridge et al., 2004, Grassie et al., 2012). 

 MYPT1  Ser695  Ser852

 (Grassie et al., 2012). ,  MYPT1, 

,  PKG (Yuen et al., 2011).

.

, 

, 

.  – 

 PP1,  PKC,  17  (PKC-potentiated PP1 Inhibitory

protein of 17 kDa, CPI-17) (Eto et al., 1995, Eto, 2009).  CPI-17  Thr38

 (Eto et al.,

1995, Eto et al., 1997). PKC, Rho- , ILK  ZIP-    CPI-17 

 Thr38 (Eto et al., 1995, Koyama et al., 2000, MacDonald et al., 2001b, Deng et al.,

2002).

, ,

(Smoothelin-like1, SMTNL1)  (Borman et al., 2009). 

 SMTNL1 

 Ser301  PKG  PKA.  SMTNL1 

 (Turner and MacDonald, 2014).
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,

 RhoA  (Myosin phosphatase-Rho Interacting Protein, M-RIP).

M-RIP  116 , 

 MYPT1 ( ), RhoA,  (Surks et al.,

2003). , M-RIP , 

, 

 (Koga and Ikebe, 2005). ,  RhoA,

M-RIP  MYPT1 Rho- , 

 (Riddick et al., 2008). , 

 PKG  M-RIP. 

,  M-RIP 

 MYPT1, , ,  (Mahavadi et al.,

2014).

-4 (Prostate  apoptosis response-4, Par-4)

 MYPT1, 

,  Thr696 MYPT1.

 Par-4  ZIP-  (Vetterkind et al.,

2010).

, 

 MYPT1   Thr696  Thr853

 KRP (Khromov et al., 2012). 

. 3.2.

3. KRP

 KRP 

 (Gallagher and Herring, 1991). 

,  KRP 

 (Birukov et al., 1998, Gallagher and Herring, 1991, Herring and Smith, 1996).

 KRP , 

, , 

 18  90 µ  (Shirinsky et al., 1993, Khapchaev et al., 2004, Choudhury et al.,

2004). ,  KRP 

 (Khromov et al., 2006), .
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3.1.  KRP  in vitro

 KRP  154 . 

   103 

.  32 N-

 19 , 

 N-  (Holden et al., 1992).

 KRP 

,   ,

 –  ( . . 7). 2-

 (heavy chain constant domain 2). 2- ,

 KRP 

   Cys63  Cys115, ,

.

,

,  (Holden et al., 1992).

. 7.  KRP (  Holden et al., 1992).
 7 , 

. N-  32  19 , . C-
,  N-

.

KRP  1:1 

 ~5–10 µM (Shirinsky et al., 1993, Silver et al. 1997). 

KRP , ,
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,  KRP , 

 (Shirinsky et al., 1993).

 KRP , 

,
15:

139GK(EG)4EEDEEEEEE157.  151 157 

. 

 KRP . 

 GK(EG)4EE (Silver et al., 1997). 

 KRP 

 (Hong et al., 2011).

 (Masato et al., 1997) 

 (Silver et al., 1997) , 

 KRP  S1  S2 

 N- . 

 (10S)  ( . . 1.1). , KRP

. KRP

 (10S)  (6S) , 

. 

KRP  in vitro. 

,  KRP   

,  , 

 (Shirinsky et al., 1993,  Masato et al., 1997).

. ,  KRP 

, ,

. , 

, KRP  « » 

. , ,  KRP

 « » 

 (Sobieszek et al., 2005).

15 KRP , 
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in vitro ,  KRP 

.

, 

.  KRP 

 2,4  29  ( ),  Vmax

(Silver et al., 1997). , , 

, 

 ( ) (Shirinsky et al., 1993), , 

 (Collinge et al., 1992)  S1 (Nieznanski

and Sobieszek, 1997). , , , KRP

 « » . ,  KRP

 KRP-  (Shirinsky et al., 1993,

Silver et al., 1997).  KRP 

,  KRP 

.  KRP 

, 

. 

 KRP, 

 KRP .

3.2.  KRP

 KRP .

,  KRP, 

. 

,  KRP   2+ -

 in  vivo   (Khromov  et  al.,  2006).  

, -100, ,

 ( .  .  4),  ,   KRP  

.  KRP 

 (Wu et al., 1998, Walker et al., 2001, Sobieszek

et al., 2005).
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 KRP

: 1) KRP , , , 

 (Shirinsky et al., 1993, Vorotnikov, 1997); 2) KRP

, , ,  (Wu

et al. 1998, Somlyo and Somlyo, 1998).

 ( . . 3.1).

. 

,  ,  ,

,  KRP  .  KRP  

  in vitro (Sobieszek et al.,1997). 

 KRP in vitro .

 KRP 

 « ». , 

, , ,  

. 

, , . 

. 

.  KRP, 

, , 

 (Sobieszek et al., 2005). 

 KRP .

, MYPT, ,

,  Thr696

Thr853.  MYPT . 

. ,  KRP   

,  MYPT1 

Thr696 (Khromov et al., 2012).  KRP 

. ,  KRP, -MYPT,

. 

 ( -

)  KRP -MYPT.
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. 2.3, 

,  2+ . 

,  KRP 

. ,  KRP 
2+ . .

3.3.  KRP

 KRP . N-

 KRP , -

 (Ser13)  MAP-  (Ser19), 

 (Krymsky et al., 2001, MacDonald et al., 2000).

, 

 KRP 

. , , 

 KRP  Ser13  25  100% 

 (ileum)  (

) (Khapchaev et al., 2004).  KRP 

ileum, 

 Ca2+,  PKG  8-Br-  (Wu

et al., 1998, Walker et al., 2001).  KRP

 Ser13. ileum,  8-

Br- , ,

 KRP (Khromov et al., 2006). 

 (fundus),  NANC- , 

NO,   PKG. 

 Ser19,  KRP 

Ser13 (Puetz et al., 2010). , 

 KRP. , , 

,  Ser19 , 

 Ser13 KRP (Madden et al., 2008). , 

 Ser13 KRP  

,  ,  

.

, . , 

 Ser13 KRP 
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. ,  KRP  Ser13

 (Wu  et  al.,  1998,  Walker  et  al.,  2001,

Khromov  et  al.,  2006).   KRP  

KRP, .

 KRP  – Ser19 (Khapchaev et al.,

2004).  KRP  Ser19 . ,

,  KRP . , 

 KRP  Ser13  Ser19  KRP 

 (Vorotnikov et al., 1996), 

 (Khapchaev et al., 2004).  KRP 

.

4.

. , 

.

. 

, 

. 
2+.  ,

 (Pfitzer, 1996).

, 

: 

, , Cl2
(Sparrow et al., 1981). 

([Ca2+]free)  (Fabiato and Fabiato, 1979).
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 6,  Mg -

 pCa > 8 (Arner, 1982). 

 60-80% 

 (Arner, 1982, Peterson, 1982). 

 (Mrwa et al., 1974), 

 (Arheden et al., 1988, Gagelmann and Güth, 1985),  Mg2+

(Arner, 1983, Barsotti et al., 1987) .

 1%

 X-100 (Meisheri et al.,1985). 

-100 , 

 (Spedding, 1983, Kossmann et al., 1987). 

 (Kossmann

et al., 1987), . 

, ,  (100 – 200

). 

 (taenia coli).

 X-100 taenia coli

 (Wirth et al., 2003, Sobieszek et al., 2005).

2+

 ( .  .  2.2.

. « »). 2+-

 1  2 , 

LR. -100

taenia coli, . 

, 

, , 

. , , 

 Rho-  Y27632 

, 2006). . 2.2 . « »,

, ,

,  ILK  ZIPK. 

teania coli , 



39

-100  ( , 2006).  ILK  ZIPK 

, , . ,

-100 taenia coli

 KRP , 2+-

.
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 KRP. 

:

1. ,  KRP in vitro

,  KRP .

2.  KRP taenia

coli, 

3. ,  PKA/PKG  MAPK, 

 KRP in vitro

taenia coli

4. , 

KRP ,  KRP in

vitro taenia coli
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 Sigma ( ), Serva ( ),

Fluka ( ), Fisher ( ), ICN ( ), AppliChem ( ), Merck ( ),

 ( ),  ( ), Bio-Rad ( ), Amersham ( ).

:

DEAE- , Octyl- ,  Q- , 

-S-300  Pharmacia Biotech., ,

TALON Clontech, USA,

 Sigma, USA,

8-[(6-  Jena Bioscience, .

:

 (  MY-21) 

Sigma ( ),

 MRLC3  Proteintech Group

)

, 

 S19, .  ( -

, , ) (Goncharova et al, 2002).

 KRP , 

-S13-KRP (R5) -S19-KRP (R8) 

 (Krymsky et al., 2001, ., 2004).

 PKGI  ( -19)  Santa Cruz

).

 IgG , , 

 IgM , , 

 Amersham ( )  Pierce ( ).
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:

 ( , ),

 (PKA) 

New England Biolabs ( )  Calbiochem ( ),

, DPCC-  (Sigma, )

His6-MEK1  -108 , 

 ( ,

).

 KRP 

 Ser13  Ala (S13A-hKRP)  Ser13  Ser19  Asp (S13D-

S19D-hKRP) 

.  ( , ).

:

 KRP :  (  1  157 ), 

N-  (36-157)  (1-138),  pET21d(+) 

 (chiKRP-His6, N-chiKRP-His6 C-chiKRP-His6

),  (J.R.Sellers, NHLBI, NIH,

),

 KRP :  (  1  154 ), wthKRP,

 pET22b(+),  (1-136 ), C-hKRP,

 pET28a(+), 

 ( ),

44erk1 ,  pGEX-3X, – 

 (UIC, , ).

:

 (Cavia porcellus) 

, 

 ( , ),

 ( , ),
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 Fleischversorgung Köln GmbH

FVK ( , ).

:

-[32 ]AT  Hartmann Analytic ( , ),

PVDF  0,45   Millipore  ( )   Amersham

),

3,3’-  (SIGMAFASTTM DAB with metal enhancer)  Sigma

),

 AppliChem ( ),

 PKA «5-24» Merck ( ),

 Roche ( ),

-LR  Sigma ( ),

 BioRad ( ),

 Amersham

)  Pierce ( ),

 Qiagen ( ) ,

 0.45  Bio-Rad ( ) 

Amersham ( ),

 Calbiochem ( ),

 X-ray Retina  Fotochemische Werke GMBH

)  Kodak ( ),

 Alexa Fluor® 488, Alexa Fluor® 488 5 ,

,  Alexa Fluor® 555, DAPI (Molecular probes, ),

 Mowiol 4-88 ( ).
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1. 

1.1.  E. coli.

 (Inoue et al., 1990). E.

coli (  DH5 , BL21(DE3)  BL21(DE3)pLys)  LB-

(1,5% ,  LB (1% , 0,5% , 1% NaCl 

,  7,0))  +37°  12-18 . 

 (10  )   250   2*YT  (1,6  %  ,  1%  

, 1% NaCl, 2,5  KCl, 10  MgCl2,  7,0))  +22°

 0,2 - 0,5  600 . 

 10 , 

 3  4000 g, +4° . .

 40  (10  MOPS, pH 6,7, 250 

KCl, 15  CaCl2, 55  MnCl2),  10 

.  5 

 7%. 

 10 , .

 -70° .

1.2. 

 (Cohen et al., 1972).  

 (10-25

 / 100 ).  30 , 

 (+42° ,  45  ).  ,  

 LB  1  1  +37°

 250 ./ . (Incubator Shaker, New Brunswick Scientific Co.,

).  5 .  4000g, 

,  50-70 , 

, . 

:  0,1 ,  0,035 ,

 0,035 .  12 - 18  +37° .  

 +4° .
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1.3.  E. coli

E. coli

DH5 .  12-18  LB 

 (LB+)  (250 ./ .)

 +37° . 

 Qiagen ( ) , .

.

 260 ,

 E260 
1 = 38,1.

1.4. 

 chiKRP-His6, N-chiKRP-His6 C-chiKRP-His6

E. coli  BL21(DE3)pLys, 

,  pET21d(+)/chiKRP1-157(His6),

pET21d(+)/chiKRP1-138(His6)  pET21d(+)/chiKRP36-157(His6), .

, , 

. 44erk1 , 

hKRP C-hKRP E. coli  BL21(DE3), 

 pGEX-3X/ 44erk1 K, pET22b(+)/hKRP1-154  pET28a(+)/ hKRP1-136,

. ,  pGEX-3X/ 44erk1-

K, pET22b(+)/hKRP1-154, .  pET28a(+)/

hKRP1-136 .

,

. 

, , 

 LB .  (

37° , 250 ./ .)  0,4 – 0,6  600 . 

 – -D-

 (IPTG) –  3 

 1  1, 2  3 . 

(4000g, 5 .), , 

, , 

 5 .  100° .  (

IPTG) .
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 20  LB 

 37° ,  250 ), 

 600  LB .

 600  0,4 – 0,6, 

IPTG  3  3 . 

 (5000g,  30  .).  ,    KRP

, ,  25% , 0,2  KCl, 30 -

l, pH 8,0, 0,2  TPCK, 0,5 , 10  2- , 2 , 2 

. ,  His6-  GST-

,  20 

 ( . . 1.6.4  1.6.5 ) 

–20° . ,  (Branson SONIFIER

450, Branson Ultrasonics Corp., )  (9000g, 20

.) .

2. 

2.1 

 KRP  HMM  

 280 .  (E280 
1 ):

0,69, 0,85  0,78  chiKRP-His6, N-chiKRP-His6 C-chiKRP-His6, 

(Silver et al., 1997), 0,77  hKRP, S13A-hKRP, S13D-S19D-hKRP ( , 2004), 0,75 

C-hKRP ( , 2006), 0,647  HMM (Young et al., 1964), 0,56 

(Sellers et al., 1981).

 GST- 44erk1

 (Schaffner and Weissmann, 1973).

 PKG 

 (Bradford, 1976) c  Bradford Protein Assay Kit 

Bio-Rad ( ) , 

.

2.2. 

taenia coli

 15%   10  .   95%

 3-4  5 . , 

 2-3  20  pH 7,6  0,05% . 



47

, 

,  .   5

.  -20º

-

.

, 

 (Micro, 200 , Kimble-Kontes, )

 (62,5 

-HCl,  6,8, 2%  ( ), 5% 2- , 10% ,

0,05% ),  – 3 , 10

 0,1  PMSF.  5 ,

,  5  30 

. 

 15000 g  20 .  –

20° .

,

 (20 

-HCl pH 6.8, 9 , 10 , 0,05% ) 

 –  3  ,  10   0,1   PMSF — 1 

. , 

 1 . 

 (15000 g, 20 ), 

.

2.3.  ( )

 ( ) -

,   (Laemmli,  1970).  

4% ,  0,125 -HCl  6,8,

 0,1% ;  7-20% ( )

,  0,375 -HCl  8,8,  0,1%

.  NN'-   

36,5:1.  8,3,  0,025 ,-0,192 
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 0,1%  80  150 ,

.

 0,4–3 

 R-250  2–250 . 

 15-25 , 

.

 BioRad GS800  Quantity One

4.6  .  

 2-48  -70 , , 

.

2.4. 

 KRP 

(Persechini et al., 1986).  5% ,

 20  Tris/HCl pH 6,8  16,5%  3,3 

;  12% ,  20 ,

 8,6,  40% .  NN'-

   19:1.  20 -

,  pH 8,6  20  330V  115  400V, 

, .

2.5. 

,  (Towbin et al., 1979).

,  25 -192 

 pH  8,6,    20%  .  

KRP  CAPS (10  Caps,  11,0, 10% , 5 -

),  350  1 . ,
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 25 -180 ,  8,3, 20% , 0,02% .   1-3 

 350  PVDF- .

 PVDF- 

 15  0,25% 

. , 

 7%  0,1% Ponceau S, 1% CH3COOH. 

 ( : 25 -HCl,  7,4, 140 

NaCl,  0,1%  20) ,

 1  5% 

.  

 1  (  +4° ) 

,  1% .

  

 1 , 

 (  1% 

). 

.

 KRP,  KRP (  R5  R8) 

 1:500 – 1:2000.

, 

, . 

 3,3’-  ( ) 

.   

 0,5  30

.

2.6. 

2.6.1.  (HMM)

HMM , 

(Sellers et al., 1981).  +4º .  (15

)  100  (10 S, pH 6,8 50 M NaCl, 1 ,

10  2- , 0,2 ),  0,5% -100 

,  (Roche,

),  15  10 000 g. ,

 4-5  (  80 ),  15
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 10 000 g.  85  (30

S, pH 7,4, 55 M NaCl, 1 , 3 , 10  2- , 0,2

)  1 ,  15

 22 000 g. 

NaCl  0,6 ,  MgAT  (100 ,  7,2-7,4)  5 , MgCl2  20 .  

 (  10 

,  7,0)  42%  15  25 000 g. 

 60% ,

 10  15  25 000 g.

 (5 S, pH 7,0, 25

M NaCl, 0,1 , 10  2- , 0,1 ) 

.

,  MgCl2
 20 ,  15  15

 40 000 g. , (5

S, pH 7,0, 0,5 M NaCl, 0,1 , 10  2- , 0,1 ) 

 15  20 000 g. 

 (10 S, pH 7,0, 0,5 M NaCl, 0,1 , 1  MgCl2, 10  2-

, 0,1 ).

 MgCl2  15  ,  CaCl2  0,4  ,

 2*10-8 ,   5  ,  

.  10

 25º ,  5  NaCl 

0,5 ,  5 , 

5,5 .  7  25º , 

 0,08  (  10 ,

 1  H l). , 

,  20 . ,

 0,5 . 

,  25  NaCl  10  MgCl2.

 20  40 000 g 

. 

 NaCl   0,5  -S-300 (100   5  ),

 NaCl 0,5 . 

.
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 R - 250. ,  HMM, , 

 20  22 000 g. 

 P (10 S, pH 7,0, 50 M

NaCl, 1 , 1  MgCl2, 10  2- , 0,1 ) 

.  NaCl  0,5 , 

.

 HMM . 

 ( .  1.9 ), 

  , pH 7,0  5 , 

 80 .  HMM 

, 

HMM. , 

HMM  ATP, Ca2+  ( .  1.9 )  30

,  HMM .

2.6.2.  (PKG)

PKG  (Lincoln, 1983) 

.  +4º , . 

. 

(1,4 )  (4,2 )  PEM (20 , pH 7,0, 4 

, 0,2 , 0,1 , 15  2- ), 

 20  15000 g.  

 2 . 

60%  (NH4)2 4  20  20000 g. 

  .

 20  20000 g 

 DEAE-  (  3 

 2,6  40 , 

 1  NaCl), . 

 50  NaCl  (

 PKA).  150 - 700  NaCl. 

, 

PKG.
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,  PKG,  8-[(6- -

 (5 )  40 . 

,   1  NaCl 

10   5'- .    10  

 37º  10 ,  PKG (1

).  5 . 

,  PKG.

,  PKG,  DEAE-  (1 ),

 700  NaCl.  PKG

 (20 ,  7,0, 2 , 20 

, 4 , 1 ),  Microcon

YM-10,  50%  -20 .

 PKG ,  hKRP (120 ).

 0,1  ,  0,01

 8-Br-cGMP  5  MgCl2  30º .  hKRP 

 hKRP,

 PKA ( .   1.8 ).  ,   1

 PKG  1,09 x 10-2  hKRP  1  .   PKA 

 PKG  PKA,  «5-24»,  1 . 

,  «5-24»  PKG, 

 PKA . , 

 PKA.

2.6.3  KRP  (wt-hKRP C-hKRP)

 wt-hKRP.  KRP  (Ito et al., 1989)

. ,  wt-

hKRP,   3- ,   20%   (NH4)2SO4,

 (NH4)2 4,  20  4º

 (20000g  20 ). 

 40%  60%  (NH4)2SO4 . ,

 60%  (NH4)2SO4,  30  KCl, 30 -

l,  7,5, 5  2- , 0,1  Q-

 DEAE- )  7,0  1,6, .

 NaCl 0 – 1 . ,

 KRP, 
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 (30 -SO4, pH 7,5,1  CaCl2, 20  2- ),  2

 (NH4)2SO4.  ( -

)  7,0  2,6 , . 

 (NH4)2SO4 2–0 . -

 (10

 Mops,  7,0, 2,5  MgCl2,  0,1  ,  20   NaCl,  1  ).  

 Amicon ( )  -20 .

, , 

.

C-hKRP. C-hKRP  wt-hKRP 

.  (NH4)2SO4  30-60%

. 

,  1M (NH4)2SO4. -

, . 

 1–0 .

2.6.4.  KRP , 

 (chiKRP-His6, N-chiKRP-His6 C-chiKRP-His6 )

,  chiKRP-His6, N-chiKRP-His6

C-chiKRP-His6,  600 ,  TALON

(Clontech, )  1,5  1 ,  (20 Cl,

 8,0, 0,5  NaCl, 5 , 5  2- , 0,5  PMSF), 

 10 . 

,  60 . :

 1 . 

. 

 TALON, 

, 

.  (30 -HCl, 30 

NaCl, 5  2- , 0,1  PMSF)  Q-

 2  0,5 , . 

 NaCl 0,0 – 0,6 . , 

, ,  MPB.

 -70

.
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2.6.5.  GST- 44erk1

,  GST ( -S-

)- 44erk1 ,  1 , 

TT  (  2,7  KCl, 140  NaCl, 10 

Na2HPO4, 1,8  KH2PO4, pH 7,3, 0,5 ) -

 (6  1 ).  50 -HCl,  8,0,

10 . ,

, ,  20

. , 

, 

44erk1 . 

(10  MOPS, pH 7,0, 1  MgCl2,  0,1  ,  20   NaCl,  1  ),  

 50%,  -20º .

2.7.  61 

 61  ( -61), 

,  KRP , 

 108  ( -108)  (Ikebe et al., 1989). 

 (Ikebe et al., 1987) , -108 

, 2+  66  

-66),  64 , , ,

 – -61.  (Ikebe et al., 1989)

, , , 

, , , 

 (64 ).

 (0,5  = 1,4 )  DPCC-   

 0,05 2+  2,7 .  : 

 50 : 1. : 30 -HCl,  7,5, 50  KCl, 

25°  20 .  15-

) .

 (7,5-20%)  ( .  .  8).  

 23   (  1  )   15   (  5  ).
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 66   20  

-61.  15  23 , ,

 N-  KRP-  (Ikebe et al.,

1987).

. 8. . -108 
 (  :  = 50 : 1),  « ».

 : ,  15 : 1 ( ), 
 ( ).

 R-250. ,
. -108 

.

, 

. 

 ( . 8, ). 

. ,

 30  30° , 

 ( . 8, ). , 

, . , 

.

, ,  KRP-

 ( . . 10 ). 

 KRP 

.
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2.8.  KRP in vitro 

 KRP.

MPB   0,5   5   MgCl2  30º .  KRP 

 2 .

 hKRP    PKA

 GST- 44erk1 :KRP – 1:100  1:20,

,  60 .  GST- 44erk1 PK 

, 

.  30 . 

 20:1. ,  hKRP 

,  PKA,  P-S13-hKRP 

, .

  hKRP,  Ser19 ( PK),

, 

 P-S19-hKRP ,  hKRP

. . 9 , ).  KRP,  PKA, 

,  P-S13-hKRP, 

, , 

 KRP ( . . 9 , ). . 9 , 

 KRP  PKA, 

MAPK.

 hKRP .  P-S13-hKRP 

PKA ,

,  15  MES, pH 6,5, 0,1  1 .

 PKA ,  hKRP 

.   P-S19-hKRP   GST- 44erk1 PK    His6-MEK1

,  TALON,

.

 P-S13-hKRP, P-S19-hKRP  P-S13,P-S19-hKRP. 

  C-hKRP.
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. 9.  KRP  PKA  MAPK in vitro
-KRP . ( ) KRP 

 PKA   60  .   KRP,
 PKA . KRP, 

PKA 
. ( )

-KRP  PKA . CKRP
(« CKRP»)  P-S13-hKRP  P-S19-hKRP («P-KRP»), 
PKA  MAPK/MEK,  (« CKRP + P-KRP»), 
PKA  MAPK;  P-S19-hKRP  MAPK (« CKRP + P-
KRP»)  MEK (« CKRP + P-KRP +  MAPK»), 

   ( .  1.8.).  CKRP
 PKA  (« CKRP + PKA»)  MAPK (« CKRP +  MAPK»).

,  P-KRP  P- CKRP
 («P- CKRP + P-KRP»).
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 P-S19-hKRP  P-S13,P-S19-hKRP

 MEK,  MAPK . 

, 

hKRP:  P-hKRP   C-hKRP  2 , 

60  .  ,  ,  

, 

C-hKRP . 

C-hKRP  PKA 

 MAPK.

 hKRP , -

 ( C-hKRP), 

C-hKRP.

C-hKRP ,

 P-S13-hKRP  P-S19-hKRP. 

, C-hKRP, 

 hKRP ( . . 9 ).

2.9.  HMM 

4  HMM -108 (10 ) -61 (40 ) 

+30° ,  20  150  NaCl,  0,1 – 0,5 

 KRP  KRP  (20  50 ), KRP,

 PKA  MAPK,  KRP.  -108

 0,5  2+  300  .  

 HMM  MPB. 

. 

.     

 (Roche,

). :

1) 

.  

 KRP, . 

, 
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, . 

;

2)  .  

-[32 ]AT  (1,5-2,5 ). 

, -R250, , , 

 -70°

 2 - 48 .

:

/(  + ). 

. 

-

.

3. 

3.1.  taenia coli, -100

 (Cavia porcellus)  3-5 

 (2 ) . 

taenia coli – , 

. Taenia coli

, ,  PSS 

 (24  Hepes pH 7,4,118  NaCl, 5  KCl, 1,2  Na2HPO4, 1,2

 MgCl2,  1,6   CaCl2,  2  ,  10  ).  

. (Wirth et al., 2003). PSS 

,  20  pH 7,4

 +4 ), 5 , 50  KCl, 150 , 2 ,  30 . 

+4 . 

 1% -100,  4 

.  1% -100 

,  K (20  pH

6,7, 7,5  Na2ATP, 10  MgCl2, 4 , 1  NaN3, 2 , 1 µ ),

  50% ,  15 . 

, . 

 -20 .
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3.2.  taenia coli

 22° , 

, K,  140  1 µ , 

, L,  4  CaCl2. 

 ([Ca2+]free)  K 

L . [Ca2+]free .

(Andrews et al., 1991).

 4-6  0,2 – 1

,  KG7

(Scientific Instruments, ). 

 Real View v 3.0.

, -100, 

 100 – 200  5  50% ,

,  K, 

 5%  15-20 

.

 KRP 

 Ca2+, 

 L (p a 4,5), 

. 

 Ca2+,   

 KRP (10-20 µ ),  PKA (31200 ), 8Br- /PKG (50 µ /0,18 µ ),

 15-40 . 

 L 

. 

 ( -100 ),

 Ca2+  (p a 4,5), 

, 

 Ca2+. , .

 KRP  Ca2+ ,

-LR, 

 L (p a 4,5), 
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. 

KRP  (10  µ )  ,  ,   40  ,  

 10 µ ,

 KRP   ( .   1.6.3).    Ca2+-

 L (pCa 4,5) 

 (Fmax), 

, .

 KRP  Ca2+ , 

,  (pCa 4,5)

. , 

.  K  (20 

,  6,7, 2,5  Mg( 3 )2,  3  ,  1   NaN3, 50  KCl, 1 µ

, 2 )  300µ , ML-9,  15 . 

 1 S  3 . 

 K 2  5 , , 

6,8.   (pCa  4,5)  

 (Fmax), 

. S , 

 6,8  50%  Fmax. 

 6,8 

S.  10 ,  6,8

 100%  Fmax. hKRP  20 µM. 

, 

 KRP.

3.3.  KRP ,

 U-

,

.  (40 )  K

c 10 µM hKRP, ,  10 µM , 10 µM

hKRP   3,3  M  [ -32P]-ATP/µ  ATP  60 . 
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,   KRP,   1.2,  1.3,  1.5.  ,

 hKRP, 

.  hKRP, 

,  hKRP in vitro MAP

 ( .  1.8)  60 ,  [ -32P]-ATP 

, .

3.4.  KRP  taenia coli

 hKRP  taenia coli

: ,   taenia coli, 

 P-hKRP .

 hKRP

, 

 U-

, 

. 

, ,  10 µM P-hKRP,

 PKA ), 

 60 ,  ( .  1.2). 

 hKRP,  60 -

hKRP  10  µM  10   K .

 Ser13  Ser19 hKRP -

,  ( . 

2.8),  KRP, 

 KRP. , ,

, , 

 R-250.

, ,  hKRP

taenia coli,

 5 

)   K  .  10  µM  hKRP,   PKA  -

, taenia coli  K  (1/10

))  4 M CaCl2   30°C  40 .  

 hKRP,  P-hKRP,

 10 µM .
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.

 hKRP  

, -hKRP ( .  1.5). 

, , , ,

 R-250.

4.  taenia coli

 KRP taenia coli

.  KRP 

 SH-

.

, KRP , 

 (pH  9,0)   0,1  .  

   Alexa Fluor® 488,  1 

.  KRP  2 ,

 Alexa Fluor® 488  9-

. 

 (pH 8,5)   0,15 , 

.

, KRP ,

 10 ,  30  37°C

. , 

, KRP  0,1 . 

 Alexa Fluor® 488 5 ,  4  18°C. 

KRP  2 , Alexa Fluor® 488 5

 3-  SH- . 

 (1 ). 

 MPB.

 taenia coli, -100, 

,  K  10  KRP 

 ( )  40 .  KRP, 

,   2-  (  2  )  ,

 10  KRP  K ( ). 

 4%  30 .

 DAPI  10 ,
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. F-  Alexa

Fluor® 555  5  ( ) taenia

coli  30 .

Mowiol 4-88, 

 Leica DMI 6000B. : 405 

 DAPI, 488  Alexa Fluor® 488  561  Alexa Fluor® 555. 

: 16%  405 , 22%  488  18%  561 .

5. 

t- . 

 ± n

.  P<0,05 . 

 Microsoft Excel,  GraphPad  Statistica.
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1. KRP 

,  KRP-

.

, , 

,  KRP-

.  KRP ,  KRP-

.  KRP 

,   

 (Shirinsky et al., 1993, Silver et al., 1997). 

KRP , 

KRP  KRP-

, 

.

, 

 KRP  ( hi-KRP-His6) 

-108), ,  KRP-  ( -61). 

.  ( . . 1) 

 KRP,  ,  ,  

, . 

[32P] ,  « ».

, hi-KRP-His6

-108 ( . . 10 ), 

,   KRP   ( .  10 ).   5  

 KRP  (95 ± 4% (n=7)) 

-61. 

50  KRP,  10% (10 ± 2% (n=3)).
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. 10.  KRP 
-108 -61.  (4 ) -108

(10 ) ( ) -61 (40 ) ( ) -[32  20  NaCl 
,  « ». 

 ( )  20  50  chi-KRP-His6. 
 ( ) ,

 R-250 ( ).  (  % 
) ±  (n = 3-6) 

KRP ( )  20  50  KRP ( ,
). *  < 0,05 , t- .
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,  KRP -61 , 

-108. KRP -61 

 20  (  69%  5 

),  (68%) 

 KRP,  50 .

 KRP 

 ( .

 3.1. . 13). ,  KRP

. 

, . 10, 

 (20  NaCl), ,  13, 

  NaCl  (150  )  

. , KRP

, 

 KRP  ,   (Shirinsky  et  al.,

1993). ,   KRP  .

, , KRP ,  KRP , 

-61, 

. ,

 (Sobieszek et al., 2005).

,  KRP   KRP-

 S1   S2  ,  

 (Shirinsky et al., 1993, Silver et al., 1997), 

. ,  S1-

S2 , , KRP 

 Ser19 , 

. , 

 (Ca2+ ) ,  KRP- .

, 

, , 2+

 (Ihara et al., 2007 ).
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2. KRP , 

,  KRP 2+-

, -100

taenia coli  (

. 4  « »).

 ( . 11 ), 

-100, KRP taenia coli, 

,  KRP, 

   ( . . 11 ,  3). 

,  Alexa Fluor® 488 KRP,

 KRP  ( . . 11 )16.

 KRP (10 ) 

taenia coli (13 ). -100

taenia coli , 

 KRP 

 KRP.

, 2+

, . 

 (pCa>8) (

, 

) 

 1  2 , -LR.  . 12 ,  10 -LR 

,  pCa  > 8  40 

: 91±1%  (Fmax),  pCa 4,5.

, ,  (Weber et al.,

1999, Ihara et al., 2007 ).

 10  hKRP,  (p<0,05, t-

) 2+ , 

 10 µ  ( . . 12 , ).  KRP 

,  2-3 ,  10

16  .  ( , . ) 
 ( , . ).
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. 11.  KRP  taenia coli, 
 KRP . . 

 KRP ( ).  R-250
) . : 1 – 

taenia coli; 2 – -100 ; 3 - -
100 ,  30  10  KRP; 4-7 – 2, 5, 15  40 
hKRP. . taenia coli, -100,

.  – , 
10  M hKRP,   Alexa  Fluor®488,  – .  F-

 DAPI ,  Alexa Fluor®555, . . 
 hKRP,  5,3 .
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. 12.  KRP  Ca2+ taenia coli, 
.  p a 4,5,

,  KRP ( ) )
10  µ  wt-hKRP )  40 , 

 10 µ ,  KRP 
.  40  pCa 4,5 

, ,
. )  (% 

 4,5),  (10 µ ), .  0
. 

 (n=7) ± .  < 0,05
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 10 µ  KRP. , ,  50%

 (t1/2),    8,4 ± 0,9  35,1 ± 2,5 .

 KRP  40 

.  40  (F40 )   56  ±  4%   Fmax

(n=7), ,  91 ± 4% (n=7).

, 

 40 , 

, -100.

 Ca2+  ( .  .  2.2   4  .  « »).

, , ,  KRP

,

 ( , 2006).

, ,   KRP 
2+ , 

. , 

KRP ,  (Wu et al., 1998, Khromov et

al., 2006, Khromov et al., 2012), 

 (Shirinsky et al., 1993, Silver et al., 1997, Sobieszek

et al. 2005). ,  KRP 

, 

,
2+ . 

,  KRP 

, 

, ,  KRP 

in vitro.

3.  KRP  PKA/PKG  MAPK 

KRP 

 in vivo,  KRP 

(Krymsky et al., 2001) ( . . 3.3  « »). , 

 KRP  Ser13
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. , ,  KRP  Ser13

ileum ,

 (Khapchaev et al., 2004). 

, ileum,  8-Br-

, ,

 KRP (Khromov et al., 2006). , 

, , 

KRP (Madden et al., 2008). , 

 KRP . 

, 

 Ser13 KRP , , , 

.  KRP  Ser19,

 MAPK, .

,  KRP 

2+

. , 

 KRP  Ser13  Ser19

in

vitro, 

taenia coli.

 hKRP  Ser13  Ser19,

 ( . . 2.8 . « », . 9 ). 

,  MAPK  PKA 
2+ , -KRP 

 ( . . 2.8 . « », . 9 ).

3.1.  KRP 

 in vitro

 KRP

 HMM in vitro -61,  KRP-

.  13,  KRP 

 (P-S13-hKRP, P-S19-hKRP, P-S13,P-S19-hKRP) 

 HMM.
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,  20  KRP 

 3  62 ± 3% (n=3), 

 P-S13-hKRP (62 ± 9% (n=3)), P-S19-hKRP (61 ± 8% (n=3)), 

PP-KRP  (63  ±  6%  (n=3)).  ,   N-  KRP,

,  KRP

 ( . . 24).

, , ,

 N- ,  KRP 

 in vitro.

. 13.  KRP 
 ( -61).  (4 )

-61 (40 )   20  KRP  P-KRP  MPB  150
 NaCl,   « ».  

. 
, 

. ( ) , 

 KRP.  KRP , 
. ( ) 

   (  (  % ) ±
 (n  =  2  -  7))   KRP  ( ),  

 KRP,  KRP,  PKA, p44erk1 MAPK 
 KRP, . *  < 0,05 .
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3.2.  KRP 

, 

 KRP  KRP,

 MAP- , PKA 

, 

-100 taenia coli . 

14,    KRP 

.  t1/2  F40  P-KRP  

 KRP  2.

. 14  KRP 2+

taenia coli , .
 (%  4,5),  (10

), . 
 p a 4,5, 

 10 µ  KRP  wt-hKRP, P-S13-hKRP, P-S19-hKRP, P-S13,P-S19-hKRP 
 ( )  40 , 

 10 µ ,  KRP
.   40   pCa  4,5  

, 
, . 

(n=5-7) ± .
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 2.  t1/2  F40

 hKRP,  P-S13-hKRP, P-S19-hKRP  P-S13,P-S19-hKRP

t1/2 ± 
, 

F40  ± 
, %  Fmax N

8 ± 1 91 ± 1 7

KRP 35 ± 3 56 ± 4 7

P-S13-hKRP 40 ± 5 51 ± 6 6

P-S19-hKRP 38 ± 3 52 ± 4 6

P-S13,P-S19-hKRP 37 ± 3 51 ± 7 5

-LR  1  2 , 

, 
2+

. 

, 

 KRP. taenia coli

,  KRP, , PKA  MAPK. 

,  KRP 

 10  .   wt-

hKRP,  «

» (  3.3.)  [ -32P]-ATP. 
32 ,

  wt-hKRP.  .  15  (  5,6,

), 32  ~20  ~35 ,

,  wt-hKRP. 

 KRP, in vitro MAP-  ( . 15,  1 — 4) 

 [ -32P]-ATP , 

.  ,  ,  ,  5   KRP,

, . 

,  KRP. 

,  KRP (5 )  4 ,

 (>20  ).  ,   KRP  

taenia coli .
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 KRP ,

,  P-KRP .

,  ( .  3.4

.  « »).  .  16   17  ,   KRP  

taenia coli, 

.

. 15. KRP 
taenia coli . taenia coli

 KRP  [ -32P]-ATP,  
»  (  3.3).  

.  R-250 ( ) 
,  PVDF-

32P  ( )  
 KRP ( ).   1-4: 5, 10,

15  20  hKRP, in vitro MAP- ,  [ -32P]-ATP 
,  ( . 
»   1.8).   5   6:  taenia coli, 

 KRP, . 
.
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. 16.  KRP 
taenia coli .

 («taenia»)  MAPK ( ) 
PKA  ( )  KRP  («taenia+P-KRP»)   60  ,  

», . 3.4.  KRP 
 (  KRP,  MAPK), -

 (  KRP,  PKA), 
 KRP, 

KRP.   KRP
 (  1-3). 

 hKRP,  60 -hKRP 
(«taenia+P-KRP+ »)  («taenia+P-KRP+ »). 

, ,  R-250. 
.
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. 17.  KRP 
taenia coli . 10 µM hKRP,  PKA ( )

K ( ), taenia coli  2,  15   40  
2+,   « »,  .  3.4.  

.  
 hKRP , 

- hKRP . ,
,  R-250. 

 hKRP,  P-hKRP, 
 10 µM  40  (« »). 

 («1/2 ») , , 
. 

.

,   KRP   Ser13 (PKA/PKG),  

Ser19 (MAPK) 2+ .

, ,  KRP 2+-

, , 

.  

,  PKA  PKG. 

,  P-S13-hKRP 

 PKA  PKG.
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4.  PKA  PKG , 

 PKA/PKG 

 (Lincoln et al., 2001,  Morgado et al., 2012). 

, 

. ,

, . 

,  PKA/PKG , 

.

 PKA  PKG  KRP,   S13

 (Khapchaev et al., 2004, Puetz et al., 2010). , 

. 3 . « »,  KRP 

. 

.  ,   PKA  PKG,  

,  KRP. ,  KRP 

 ( . . 3) , 

. , 

,  PKA

 PKG.

4.1. PKA  PKG , 

PKA/PKG  (Rüegg and Paul, 1982,

Pfitzer et al. 1984). PKA/PKG  (Lincoln

et al., 2001, Murthy, 2006, Morgado et al., 2012), ,  PKA/PKG 

, .

,  PKA ( . 18 )  PKG ( .

18 ) ,  .  ,  

, 

 PKA/PKG .

.  18   3,   PKA,   PKG 

 X-100 taenia coli, .
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 t1/2  F40  PKA  PKG

 ( . . 3).

 3.  t1/2  F40

 PKA  PKG

t1/2 ± 
, 

F40  ± 
, %  Fmax

N

9 ± 1 91 ± 2 10

PKG 10 ± 1 90 ± 1 3

PKA 10 ± 1 92 ± 1 3

4.2.  KRP  PKA/PKG 

, 

,  PKA,  PKG , 

 ( . 4.1). ,  KRP  Ser13

 ( .

3.3). ,  PKA/PKG, 

KRP, , . 

,  P-S13-hKRP ,

 PKA  PKG. 

, 

 KRP, 

 KRP, 13-hKRP, , 

,  PKA  PKG.

 KRP 

.   PKA,  PKG 

 P-S13-hKRP 13-KRP ( .  P-S13- KRP 13-KRP c

P-S13- KRP+PKA/PKG 13-KRP+PKA/PKG, , . 18).
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. 18.  P-S13-KRP 
 PKA  PKG.  taenia coli,  «

», . 3.1-3.2,  P-S13-hKRP ( .
 « », . 2.8), A13-hKRP (10µ ), PKA (31200 ),  PKG (0,18 µ )

 8Br-  (50µ ), P-S13-hKRP  A13-hKRP  PKA  PKG, 
 40 . 

 10 µ , .  40
 pCa 4,5 

, , 
.   ±  (n=3-

10).
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 t1/2  F40 , 

 4. ,  t1/2  F40

 P-S13KRP  P-S13-KRP + PKG/PKA,  A13-KRP  A13-KRP + PKG/PKA.

 4.  t1/2  F40

 P-S13-hKRP,  A13-hKRP, P-S13-KRP+PKG,   A13 -hKRP  +

PKG, P-S13-hKRP + PKA  A13 -hKRP + PKA

t1/2 ± 
, 

F40  ± 
, %  Fmax

N

P-S13-hKRP 38 ± 4 52 ± 6 7

A13 -hKRP 36 ± 5 56 ± 7 7

P-S13-hKRP + PKG 36 ± 4 48 ± 4 3

A13 -hKRP + PKG 38 ± 1 53 ± 1 3

P-S13-hKRP + PKA 40 ± 3 50 ± 5 5

A13 -hKRP + PKA 40 ± 4 50 ± 5 4

,  ,   PKA   PKG  

 KRP 

.  (Wu et al., 1998, Sobieszek et al., 2005,

Khromov et al., 2006, Khromov et al., 2012) ,  KRP 

. , ,

 KRP 

 KRP  (Wu et al., 1998, Walker et al., 2001,

Khromov et al., 2006). , 

,  PKA/PKG, 

 KRP.

5.  KRP  PKA/PKG  MAPK 

, 

,  KRP 

, 
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2+ . ,

, 2+ , 

.

5.1.  PKA,  PKG ,

 PKA  PKG  [ 2+]i,

 (Morgado et

al., 2012). , , 

.  PKA  PKG 

  . 

, 
2+. 

 KRP. ,  PKA  PKG 

 Ca2+  KRP 

.

,  PKG ,

. PKA, , 

. . 19 ( ) 

.

 taenia coli , 

 Ca2+,  ( . 19 ), PKA

(31200 ) ( . 19 ),  PKG (0,18 µ )  8-Br-  (50µ ) ( . 19 ), 

 40 .

 40 , 

 pCa 6,3  PKA  PKG (FpCa 6,3 )  100%, :

(FpCa6,3 -  FPKA/PKG)*100/FpCa6,3,  FPKA/PKG -  40 

PKA   PKG.  .  19 .   PKG  

 7±9%, n=5, 

: 2±7%, n=5 (P>0,05). PKA, , 

: 36±6%, n=4 (P<0,01).
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. 19.  PKA  PKG -100
taenia coli , 

.  taenia coli, 
 « », . 3.1-3.2, 

 p a  4,5.   6,3  
,  Ca2+,

 ( ), PKA (31200 ) ( ),  PKG (0,18 µ )  8-Br-
(50µ ) ( ),   40  .  ,  

 p a 4,5. 
. ( ) 

,  PKA  PKG,  40  (  % 
 PKA/PKG) ±  (n = 4-6). *  < 0,01.

 PKA  X-100  taenia coli 

, , 

(Mrwa et al., 1979, Meisheri and Ruegg, 1983, Meisheri et al., 1986). 

/PKG , 

 (Pfitzer et al., 1984, Pfitzer et al., 1986, Nishimura et al., 1992). 

 PKG -100  taenia coli

.  PKG  KRP,

 KRP   PKG  

 .
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5.2. KRP 

,  KRP 

 KRP 
2+  (Wu et

al., 1998, Walker et al., 2001, Sobieszek et al., 2005). , 

 KRP 

taenia coli, 

. 20 ( ) 
2+ .  pCa 6,3   

-100 taenia coli 2+, 

 ( . 20 )  10 µM KRP ( . 20 )  15 

, . 3.2  « ».  15

,  pCa 6,3  KRP

(FpCa 6,3 )  100%.   (FpCa6,3 -  FKRP)*100/FpCa6,3,  FKRP

-  15  KRP.

 10µM KRP  15 

28±9% (n = 7),  (-7)±3% (n = 7).

, 

, , 

 ( . . 20 ).

,  KRP, 

(28±9%  15 ), , : 31±6%  10 

10µM KRP (Wu et al., 1998).

.  ,   KRP  

 PKG , 

 KRP  PKG  (Wu et al., 1998).

, , 

 Ser13 KRP , 

.  

 PKA (  Ser13) KRP  Ca2+

(pCa 6,3) taenia coli.  PKA (

 KRP) , 
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. 20. KRP 2+

,  KRP .
taenia coli  p a 4,5, 

.  6,3 
,  Ca2+,

 ( ),  10  µM  hKRP  ( ), P-S19-hKRP  ( ), P-S13-hKRP  ( ),   P-
S13,P-S19-hKRP  ( ).   6,3,   KRP.

. .
,   KRP,  15  (  % 

 KRP) ±  (n = 3-7). *  < 0,01 . t-
. , 

.

in vitro  P-S13-KRP  PKA ( . . 2.8 . « »,
. 9).

,  P-S13-hKRP 

 KRP.   15   P-S13-hKRP  28±9%

(n=5)  ( .  .  20  ,  ),  

 KRP (28±9% (n = 7) ( . . 20 )).

 KRP  Ser19 ( P-

)  KRP .  ( . . 3) 

,  P-S19-KRP  HMM in vitro

,  KRP. 

,  KRP  Ser19 ,
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. ,  KRP

 (Ser13  Ser19) 

. ,   P-S19-hKRP  P-

S13,P-S19-hKRP . in vitro

 PKA  MAPK, 

 ( . . 2.8 . « », . 9).

 KRP, 

,  KRP. . 20 ( )

 10 µM P-S19-hKRP

.  20 )   10  µM  P-S13,P-S19-hKRP ( . 20 ). 

. 20 . ,  P-S19-hKRP  29±2%

(n=3),   P-S13,P-S19-hKRP –  28±8%, (n=4). , ,

 KRP, 

 KRP (P > 0,05  KRP 

 KRP).

, 

,  KRP 

.  P-

S13-hKRP  P-S19-hKRP ,

. , 

taenia coli

 KRP ( . . 16-17,  3.2).

, ,  KRP 

 Ca2+- ,  KRP 

.

5.3. PKG  KRP

,  PKG 

 KRP  Ser13 (Wu et al., 1998, Khromov

et al., 2006). ,  P-S13-KRP 

taenia coli ,  KRP ( . .

5.2.). ,  KRP 

 KRP, 

PKG, , ,  KRP. 
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2+

 Ser13 KRP  PKG.

, 

 KRP, 

KRP,  Ser13  Ala (A13-hKRP).  A13-hKRP

 PKG.  P-S13-KRP   PKG  ,  

 P-S13-KRP  PKG  A13-hKRP  

PKG.

,  PKG  P-S13-KRP. 

. 21.  0,18 µ  PKG  50 µ  8Br-

,  10  µM  P-S13-hKRP  15  31±10% (n=4). 

 10 µM Ala13-hKRP  

PKG/8Br- ,  30±6% (n=4) (P > 0,05). 

 KRP  PKG ( .

 5.2).

. 21.  P-13S-KRP 2+-
-100 taenia coli

 PKG.  taenia coli,  «
», . 3.1-3.2,  p a 4,5.

 6,3 .
 Ca2+,  0,18 µ  PKG  50 µ

8Br-  10 .  15 
, PKG/8Br- ,  PKG/8Br-  + 10 µM P-S13-hKRP, 

PKG/8Br-  + 10 µM A13-hKRP. 
,  15  (  %  KRP) ±

 (n = 4).
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,  KRP 

,  PKG. , PKG 

 KRP. ,  - 

 KRP.  KRP 

 PKG, .

5.4. KRP  PKA

, 

 ileum 

 KRP  Ser13 (  25%  100%) (Khapchaev et al., 2004). 

,  KRP

 Ser13  PKA . , 

. . 5.2.),  KRP,  PKA, 

taenia coli   . 

,  PKA 

 KRP ( . . 5.1.). , , 

KRP  PKA, 

. 

 KRP  PKA  taenia coli, 

 Ca2+.

,  KRP  PKA 

. ,  30 

 KRP ,  36±14%,

(n=3).  PKA ,

 20±6%, (n=4). 

62±8 % (n=2), , 

 (36+20=56%) 

, . 22 . 

. 22 , , ,

 PKA  KRP ( ), 

, 

KRP  PKA.

, KRP , 

,   KRP  
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 KRP   PKA.  ,  .  22 ,  

 5  KRP  Ser13.

. 22. A  KRP 2+-
-100 taenia coli .

taenia coli  p a 4,5, 
.   6,3  

,  Ca2+,
,  32000 ./  PKA,  10µ  KRP, 

KRP  PKA,  30 . ( )  (  % 
 KRP) ±  (n = 2-4) . 

,  KRP
 PKA . ( )  KRP .  5 

 KRP  PKA, .

, -S13-KRP 
.  20  KRP 

 (KRP, 5 ).  20  100%
-S13-KRP ( -S13-KRP).  – 20 

 KRP (KRP).
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, ,  PKA 

. 

 KRP.  .

 KRP ,  PKA.

, 

 KRP (Khapchaev et al., 2004), P-S13-KRP 

,  ,  

. ,  KRP 

 PKG  PKA.

6.  KRP 2+ , 

,  KRP 

 ( . . 1  2). 2+

, 

. 

 Thr696/Thr853

 MYPT1  (Feng  et.  al,  1999).  

,  Thr696 MYPT1  Ser19

,  ,   KRP   MYPT1  

, .

, 

 MYPT .  Pfitzer et al.,

2001 , S taenia coli, 

-100,  ,  

,  MYPT. 2+

. ,  KRP 

.

, . 3.2 . « »,

, 

,  ML-9  (300µ ),    S  (1  )   3  .  

S, , 

6,8.  ( . . 23 ), ,  6,8   –

54±4% (n=3), , 
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. 23.  KRP 2+ . taenia coli,
 « », . 3.2 

,   300µ  ML-9   1  S   3  .  
 K,  pCa 6,8, 

 pCa 4,5.  – ;  –   
 ML-9;  –  ML-9  20µ  KRP, 

 KRP;  –  ML-9
 20µ  KRP,    20µ  KRP.

10 

0,
5 

8 4,5 88 4,56,8

8 4,5 88 4,56,8

ML-9
S

10 
0,

5 

8 4,5 88 4,56,8

ML-9
S

KRP

10 

0,
5 

8 4,5 88 4,56,8

ML-9
S

KRP

10 

0,
5 
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S ( . . 23 ) – 2±2% (n=3). , , 

S, 2+ .

 20 µM KRP 2+-

 ( .  .  23 ).   pCa  6,8  ,  

KRP   56±3%  (n=3).  ,   KRP  

 MYPT  Thr696.

 KRP (20µ )  pCa 6,8, 

, 

 28±5% (n=3) ( . . 23 ). , KRP 
2+ , 

,  

 MYPT .

*  * *

  ( . . 1,2  5 . «

»), ,  KRP 

, 

. ,

 KRP . 

 KRP.

7.  KRP 

,  KRP 

 S1  S2,  (Silver

et al., 1997, Masato et al., 1997).  KRP 

 (Collinge  et  al.,  1992),   HMM,  

 S1  S2  (Shirinsky et al., 1993).

,  KRP 

. 

 KRP , , 

 KRP  (Silver

et al., 1997).
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7.1. ,  N-

 KRP in vitro

 « », KRP

. ,   KRP, 

,  KRP, 

 KRP  ( C-chiKRP-His6 ,  .  .

2.6.4.   « »)  

.  -61

,  KRP  KRP-

.

-61   KRP-

 KRP .

,  139  157

 KRP  ( .

24). ,  KRP ( ),  5 

 (95±4%, (n=7)).  20  KRP (chiKRP-His6),

 29±4% (n=5).   20 C-chiKRP-His6 , 

5 ,

 87±12% (n=5), ,

 KRP  (P>0,05,  .  .  24).  ,  

 KRP 

.
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. 24.  KRP .
 (4 ) -61 (40 ) -[32  20

 NaCl  ,   « ».
 ( )  20  chiKRP-His6 (KRP), C-

chiKRP-His6 ( C-KRP), N-chiKRP-His6 ( N-KRP). A. 
) ,  R-250 (

). .  (  % ) ± 
 (n  =  5-7)   KRP  ( )  

 20  chiKRP-His6, C-chiKRP-His6 N-chiKRP-His6 ( N-KRP) ( ,
, ). *  < 0,05 , **  <

0,05  chiKRP-His6.
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N-  KRP 

. ,  ( . . 3), 

P-  (Ser19),  PKA (Ser13) 

 KRP.  ,   N-

 KRP 

.

 N-  1  35  KRP

 HMM. , 

 5  20  KRP 

N-  ( N-chiKRP-His6)  49±9% (n=5; P<0,05 

).  ( .  24), N-KRP 

,  KRP. 

 (P<0,05  wt-KRP).

,  KRP  N-

,  N-

 KRP .

 KRP, , ,

. ,  KRP 

.

7.2. 

 KRP , 

,  KRP, 

, 

. , 

 KRP 

 0,1% -100 taenia coli , 

 ( . . 2).

. 25, C-hKRP 

.  10 µ C-hKRP 

. , 
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 50%  (Fmax), t1/2,   10  µ C-

hKRP  8,4 ± 1,6 ,  – 7,4 ± 0,6  (n=5; P>0,05).

. 25.  KRP 2+-

 0,1% -100 taenia coli ,
.  (% 

 4,5),  (10 µ ) . 
 p a 4,5, 

 10 µ -hKRP 
 ( )  40 , 

 10 µ , -hKRP . 
 40  pCa 4,5 

, ,
.  (n=5) ± 

.

 40  10

C-hKRP  92 ± 2%  Fmax  93 ± 3% 

(n=5; P>0,05).

,  KRP 

, 

. , 

 KRP  KRP.
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7.3. CKRP ,
2+

,  C-  KRP 

 ( . . 7.1) 

,  ( . . 7.2). , 

 KRP 

. ,    (Wu et al., 1998, Khromov

et al., 2006, Khromov et al., 2012) , 

 KRP . 

.  , 

,  KRP ,

C-hKRP 
2+ .

. 26.  KRP  Ca2+-
-100 taenia coli .

taenia coli  p a 4,5, 
.   6,3  

,  Ca2+,
, 10 µM hKRP C-hKRP. 

 6,3,  KRP. ,
  KRP,   15   (  %   KRP)  ±

 (n = 3).
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 pCa 6,3 ,  10 µM  C-

hKRP  ,   15  .  3.2  

». ,  5.1.

,  KRP   ,  KRP ( .

. 5.2.),   taenia coli.    15  

 10  µ C-hKRP,   (-8)  ±  1%,  

 (-6)  ±  4%    (n=3;  >0,05)  ( .  .  26).  

, C-hKRP, 

.

*  * *

,  KRP 

, 

. ,  KRP

. , 

 KRP 

.   KRP,  

, . 

, , , 

, 2+ .
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,  KRP 

 KRP- 2+

, . , 

,  KRP 

, . , 

 KRP . , 

 KRP  Ser13 (PKA/PKG) 

Ser19 (MAPK).  ,   Ser13 -  

, P-S13-KRP 

.

1.

 KRP

in vitro ,  KRP 

 (Shirinsky et al., 1993). 

, 

,  ( ), 

 KRP. ,  KRP 

,  (Collinge et al., 1992) 

 S1 (Nieznanski and Sobieszek, 1997),  KRP . 

,  KRP, 

,   KRP 

 ( . . 7.1.  « »). , 

KRP .

: 

,  (KRP-

)  S1-S2 . KRP

 KRP-  (Shirinsky et al., 1993,

Kudryashov et al., 1999). ,  KRP

,  ,  
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, ,  KRP-

 (Shirinsky et al., 1993, Silver et al., 1997).

,  KRP 

-61,  KRP-  ( . . 1  «

»). , KRP 

, , 

 KRP-  ( . . 2  « »). 

,  KRP  KRP- , 

,  KRP- . 

 KRP 

 (Silver et al., 1997, Masato et al., 1997). ,

 KRP , , 

 KRP .

 KRP 

, ,  KRP- -

108 ?

. , in vitro

, 

, 

 (Persechini and Hartshorne, 1981, 1983). , 

 KRP- , 

 ( ., 2003). , 

KRP , 

.  KRP-

,  

,  KRP- . , 

, KRP-

. , , 

 KRP- ,   KRP.

.

, 
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KRP.  .  27.   KRP,  

 ( . 27-1). 

 KRP- , , 

 ( .  27-2).  -61   KRP-

 ( . 27-3).

. 27. 
-108 -61   

 KRP. . 

 KRP, 

. 27-4), -61 ( .

27-5), -108 ( . 27-6) . -61, 

,   KRP  

 KRP-  ( . 27-7).

, 

 KRP. . . ,  KRP 

, ,

 (Sobieszek et al., 2005). 

,  KRP   10S   6S,  

 « » 

(Shirinsky et al., 1993, Masato et al., 1997). ,

,  KRP  « » 

. , ,

 KRP (Sobieszek
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et  al.,  2005).  ,   KRP  ,  

, , 

. ,  « »

, , 

, 

 (Suzuki et al., 1985). 

. 

 KRP-  KRP (Shirinsky et

al., 1993). .

2.  KRP 

. 

.  KRP, 

, , 

. , ,  KRP 

 (Sobieszek et al., 2005, Khromov et al.

2006). , ,  KRP 

, , . , , , KRP 

, 

in vitro (Sobieszek et al., 1997).

. , « »,

, , 

 KRP  (Sobieszek  et  al.,  2005).  2+

, 

, . . 

. 

KRP, , , ,

. 

,  KRP . 

, 

,  « ». 

, 

,  .   KRP  
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, 

.

2+ , 

 (MYPT)  Thr696

Thr 853,  ,   ROCK,  ILK,  ZIPK.  

.  ,   KRP  

 MYPT, , , 

. -100 , , 

 MYPT, , 
2+  (Pfitzer et al., 2001). , 

,  KRP 

 ( . . 6  « »). 

,   KRP   MYPT.   KRP  

,  Ca2+-

.  .  ,  KRP

, , 

, 2+ . , 

 KRP 

.

, 

ileum (Khromov et al., 2012). 

,  Ca2+,  MYPT  Thr696

Thr853.   KRP,  ,  

 MYPT .  Thr853 MYPT 

. 

. 

,  KRP  MYPT. 

-MYPT , 

. , KRP 

. , KRP

 ileum 

-MYPT, . 

,  KRP -MYPT. 

 PLA (Proximity Ligation Assay)  KRP 



107

-MYPT (Khromov et al., 2012). , 

,  KRP -MYPT 

, . in vitro. ,  KRP 

-MYPT .

2+

, 

. , CKRP, , 

 ( . . 7  « »). ,

 KRP  c  .  

,  KRP , , 

, . 

-100 taenia coli  

,  MYPT1 ( , 2006), , 

, . , 

 KRP ,  MYPT1 

. , ,

 KRP, , , , 

 X-100 .

, 

:KRP.  KRP  1:1 (Silver et al., 1997).

 KRP taenia coli  13  .  

 26  40 

(Choudhury et al., 2004, Cohen and Murphy 1978).  KRP 

, 5,5  (Silver et al., 1997),  10-11 . 

,  27-37%  KRP. 

 (ileum, ),  KRP , taenia coli

(Khapchaev et al., 2004, Choudhury et al., 2004). ,  KRP 

ileum  30  (Khapchaev et al., 2004),  – 18-33 

(Choudhury et al., 2004),  – 80-90  (Shirinsky et al., 1993)

. , 

 KRP  KRP 

.
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3.  KRP 

,  KRP  Ser13

 (Krymsky et al., 2001,

Khapchaev et al., 2004, Khromov et al., 2006, Puetz et al., 2010) 

(Madden et al., 2008). , , 

KRP . , , 

 KRP  Ser13

, 

,  ( . . 3.1, 3.2, 5.2  .

»). ,  PKA  PKG 

 KRP   ( .  .  4   5   .  «

»). , , , ,

 KRP, 

.

,  KRP  Ser19, 

 (Khapchaev et al., 2004), 

KRP. P-Ser19-KRP  P-Ser13,P-Ser19-KRP 

,  KRP, 

in vitro . ,

taenia coli. , ,  KRP

 Ser19 in vivo (Khapchaev et al., 2004), 

.

,  KRP 

.
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 KRP  ( .

. 28).

. 28.  KRP  Ca2+ . . 
.

 (1) , 

. 2+ 2+-

 ( , ILK  ZIPK) (2)  (3), 

.  (4), 

.  KRP, 

 (5). 

,  KRP 

,  2+  (6). 

, , . 
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 (MYPT) (Feng et  al.,  1999).  Rho- ,  ILK  ZIPK  MYPT

 (7), 

 (Feng et al., 1999, MacDonald

et al., 2001 , Kiss et al., 2002). ,  KRP, 

 MYPT (8),  (Khromov et al.,

2012), .

, , ,  KRP

, 

. , , 

, ,  KRP

. 

. , 
2+

2+ (Ihara et al., 2007 ), 

 (Kim  et  al.,  2004).  ,   KRP  

, . , KRP 

 Ca2+, 

. , 

, , KRP 

 (Shirinsky et al., 1993).  KRP, 

,  (Khromov et al.,

2012). , KRP , 

. 

 KRP 2+

.
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1. KRP in vitro

,  KRP- .

2. KRP 

taenia coli, 

.

3.  PKA/PKG  MAPK 

KRP in vitro, 

KRP 
2+

.

4.  KRP 

, 
2+

.

5.  KRP, 

  ,

.
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