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uncarboxylated (uc) protein 
ucOC, ucMGP 
no functional activity 

carboxylated (c) protein 
cOC, cMGP 
biologically active form 
proteins are called: Gla-proteins 

Vitamin K 

carboxylase 

@-(;;'0,(C7+$7>$4'%(/'+$591#*#+1#+%$*&7%#'+;$

K#*(C,6$
'  ()**+&,)*-./&

–  /&(%)-0+112+3112+142+4+
'  0)*-./&1.21314*56&

–  5-)%,$60+72+82+9+

G.%&(9"#*(C,6$
•  754859&,:),1;,:<*.&1.2131<*.&

–  :&%-$;+<=&>5-)%,$6+?:<5@+

•  (*.8&/5*=42&58/>):<*.&
–  A0%,)(&=($6+?A7@+

•  08))&/5*=42&58/>):<*.&
–  <&0B+

•  ?.@.*=.&A>.,<*.6&
–  <=&>C$(D+5-)%,$6+?<C5@+
–  E+%-&60*,*F-&6,+<=&>G-)%,$60+

–  5,-$)0H6+I+5,-$)0H6>J$',+/&(%)-+
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1:&'+)$;:297*C/(-$;:**-3L$4'%(/'+;$(&#$*&'/(&'-3$

:C-'M#1$>7&$>:+,C7+;$'/*7&%(+%$>7&$'//#1'(%#$;:&4'4(-$$

•  BA&3)**+&,)*-./&16&+164>538+&42858&16&:.&1CC8+1:48&
516@&A*5&3)88+1./D&)1A8&4258:48.1./&

•  BA&,:),1;,:<*.&1.2131<*.&16&6>3E*F<C:)&42858&16&
1.,58:68+&516@&A*5&G:6,>):5&,:),1;,:<*.D&+8G8)*FC8.4&
*A&:/8E58):48+&+168:68&1.&!%E"%&98:56&

•  H*D&I8G*)><*.J&+8,1+8+D&3)**+&,)*-./&2:6&!64&F51*5149&

McCann and Ames: Am. J. Clin. Nutr. 2009 



!"#!$#!%&

"&

!"#$%&'()#$%"#7&3$1#/7+;%&(%#1$
12 volunteers 

Anticoagulated: INR = 2.0 

Daily dose of K1 

Weekly increment: 50 !g/d 

Measured: INR, ucOC 

$N'O#&#+%$>7&/;$7>$4'%(/'+$5$

K1 

K2 (MK-4) 

K2 (MK-7) 

D';,7+,#*C7+$(27:%$4'%(/'+$56$
K#(-%"3$;:2P#,%;$(&#$(1#Q:(%#$'+$4'%(/'+$5$

J(-;#6&*.)9&428&3)**+&,)*-./&A:,4*56&K69.42861L8+&1.&428&
)1G85M&:58&A>))9&,:53*N9):48+&1.&.*.E6>FF)8C8.48+&
6>3O8,46P&:))&8N45:28F:<,&Q):EF5*481.6&8N:C1.8+&42>6&
A:5&=858&>.+85,:53*N9):48+&A*5&"%ER%ST&U216&16&
6>//86<G8&A*5&8N45:28F:<,&G14:C1.&VE1.6>W,18.,9&

I'%(/'+$5R$;%(%:;$(+1$()#9&#-(%#1$1';#(;#6$
7;%#7*7&7;';$(+1$7;%#7(&%"'C;$

P = 0.047 P = 0.005 

Booth et al. Am J Clin Nutr 2000;71:1201-8 Neogi et al. Ann Rheum Dis 2008;67:1570-3 
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P < 0.01 

RR per 10 !g K2: 0.76 

K. Nimptsch et al., Am. J. Clin. Nutr. 87 (2008) 985-992 

!  X&"RY%%%&6>3O8,46&&
!  Z8:)429Y&R[E$[&956&
!  !\&98:56&A*))*=E>F&

" &#1:,C7+$7>$$
,(+,#&$'+,'1#+,#$

" &#1:,C7+$7>$$
>(%(-$,(+,#&;$

" ;%&7+)$&#1:,C7+$7>$$
%7%(-$,(+,#&$/7&%(-'%3$

" <-;7$>7&$/7;%$7%"#&$$
>7&/;$7>$,(+,#&$$

!"#$%!&'(!)*!

!  ]G85&\Y^%%&6>3O8,46&&
!  Z8:)429&8)+85)9Y&[[&98:56&:.+&*)+85&
!  !%&98:56&A*))*=E>F&

" TUV$&#1:,C7+$7>$$
(&%#&'(-$,(-,'0,(C7+$

" TUV$&#1:,C7+$7>$$
,(&1'74(;,:-(&$1#(%"$

" STV$&#1:,C7+$7>$$
(--$,(:;#$/7&%(-'%3$

!"#$%!&'(!)*!

<,=,$K60,+,%+&="2+L"+MN%-"+OPPE&

5S$(+1$,(&1'74(;,:-(&$"#(-%"6$%"#$A7W#&1(/$;%:13$

K(M(&1$&(C7$>7&$,7&7+(&3$"#(&%$1';#(;#$&';X$$
*#&$RU$Y)$'+,&#(;#$7>$5$'+%(X#&

•  _`]H_a0U&H4>+9&,*2*54&
•  B.,)>+8+D&!$Y%[b&=*C8.&[%Eb%&98:56&*)+&

•  c*./14>+1.:)&6>5G89Y&A*))*=E>F&F851*+&X&!%&98:56&&

!3*#$7>$5& KA& ZTV$@B& =94(-:#&

V!& !T%%& !T%%E!T%"& %T[!&

V"& %Td!& %T^[E%Tdd& %T%\&

Gast et al.: Nutr. Metab. Cardiovasc. Dis. (2009) 

[%&:,%:&#$7>$D(%&'.$\-(9=&7%#'+$]D\=^$

Phosphoserine 
domain 

Gla-domain 

•  Both domains strongly bind calcium 

•  Gla-domain is required for function 

•  No function known for Phosphoserine domain 

1 84 
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E+,(&27.3-(%#1$D\=$(;$($;:&4'4(-$/(&X#&$

Ueland, Vermeer, et al. in press Schlieper et al. Kidney Int. 74 (2008) 1582-1587 

Aorta stenosis Chronic kidney disease 

p < 0.005 

GO#,%$7>$D59_$7+$2'7/(&X#&;$'+$"#(-%"3$47-:+%##&;$$

"  In bone we see significant effects at 45 !g/day 

"  In arteries the first improvement was at 90 !g/day;  
 this value may decrease at prolonged intake 

Osteocalcin (bone) Matrix Gla-protein (arteries) 

D59_$"#-*;$1#,&#(;#$:,D\=$'+$KN$*(C#+%;$

05:.8.3>5/&84&:)TY&6>3C1e8+&

45 !g/d 135 !g/d 360 !g/d 

P < 0.0001 

* 

** 

45 !g/d 135 !g/d 360 !g/d 

$I'%(/'+$5$*&#4#+%;$4(;,:-(&$;CO#+'+)$

Vascular health study 
120  postmenopausal women 
2 groups of 60 

3 years daily supplement: 
•  vitamin D3 (8 !g) or 
•  vitamin D3 + vitamin K1 (1 mg) 

DC: vascular disensibility 
CC: vascular compliance 
E: Young’s elasticity modulus 

Q-&&*+,%+&="2+RD-)*F"+S&,*)0%&0"+OPPE+
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•  f14:C1.&V&1.6>W,18.,9&*A&428&G8668)&=:))&16&=1+86F58:+&1.&428&
:+>)4&28:)429&F*F>):<*.&

•  U216&586>)46&1.&6>3E*F<C:)&gQ_&,:53*N9):<*.&:.+&42>6&1.&
F**5&,:),1;,:<*.E1.21314*59&:,<G149&

•  _**5&gQ_&,:53*N9):<*.&16&:&645*./&:.+&1.+8F8.+8.4&516@&
A:,4*5&A*5&G:6,>):5&,:),1;,:<*.&:.+&C*54:)149&

\#+#&(-$,7+,-:;'7+;$
•  (861+86&,)*-./&A:,4*56Y&*648*,:),1.&:.+&gQ_&42858&:58&^&

G14:C1.&V&+8F8.+8.4&F5*481.6&428&A>.,<*.&*A&=21,2&16&.*4&*5&
*.)9&F:5<:))9&@.*=.&

•  Z8.,8&C*58&F2961*)*/1,:)&F5*,86686&C:9&4>5.&*>4&4*&38&
,*.45*))8+&39&G14:C1.&V&

•  B.&4216&586F8,4&14&16&*A&/58:4&,*.,85.&42:4&G14:C1.&V&1.4:@8&2:6&
388.&/*1./&+*=.&:))&428&<C8&+>51./&428&):64&"%%%&98:56&

•  `8,*CC8.+:<*.6&A*5&G14:C1.&V&1.4:@8&62*>)+&38&621h8+&
>F=:5+6&:.+&68F:5:48&58,*CC8.+:<*.6&62*>)+&38&/1G8.&A*5&
G14:C1.6&V!&:.+&V"&

?:;'+#;;$;%&(%#)3$>7&$I'%(5$]R $̂

!T  i1.+&.8=&+168:686&58):48+&=142&G14:C1.&V&
1.6>W,18.,9&:.+&;)8&>685EF:48.4&A*5&428&>68&*A&
G14:C1.&V&6>FF)8C8.46&:.+&A*5<;8+&A**+6&

?:;'+#;;$;%&(%#)3$>7&$I'%(5$]S $̂

!T  i1.+&.8=&+168:686&58):48+&=142&G14:C1.&V&
1.6>W,18.,9&:.+&;)8&>685EF:48.4&A*5&428&>68&*A&
G14:C1.&V&6>FF)8C8.46&:.+&A*5<;8+&A**+6&

"T  j861/.&:.+&+8G8)*F&61CF)8&48646&4*&C*.14*5&G14:C1.&
VE1.6>W,18.,9&1.&6F8,1;,&<66>86&
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!T  i1.+&.8=&+168:686&58):48+&=142&G14:C1.&V&
1.6>W,18.,9&:.+&;)8&>685EF:48.4&A*5&428&>68&*A&
G14:C1.&V&6>FF)8C8.46&:.+&A*5<;8+&A**+6&

"T  j861/.&:.+&+8G8)*F&61CF)8&48646&4*&C*.14*5&G14:C1.&
VE1.6>W,18.,9&1.&6F8,1;,&<66>86&

RT  c1,8.68&*>4&*5&68))&428&F:48.46&1.&8N,2:./8&A*5&)*./E
):6<./&`kj&,*.45:,46&

<**&7(,"$%7$(,"'#4#$)&78'+)$2:;'+#;;$

!T  l8:5)9&m1.&2*>68n&`kj&3>+/84&X&o&R%%T%%%YEE&

"T  ![E"%&21/2&1CF:,4&6,18.<;,&F:F856&98:5)9&
RT  c*./E):6<./&KRE!%&98:56M&`kj&,*.45:,46&=142&4215+&

F:5<86&

\T  7))&VE58):48+&48,2.*)*/9&:G:1):3)8&
•  7.:)9<,:)&K68.61<G8&+848,<*.&*A&:))&A*5C6&*A&G14:C1.&VM&

•  B.&G145*&K,8))&,>)4>58Y&acBH7E:66:96Y&,8))EA588&69648C6M&

•  7.1C:)&C*+8)6&KVE+8;,18.4Y&45:.6/8.1,Y&,:),1A91./M&

•  0)1.1,:)&451:)6&K>F&4*&!Y%%%&F:5<,1F:.46&:,,*5+1./&4*&Q0_&/>1+8)1.86&
•  B6*Ed%%!&,85<;,:<*.&

=#&;7++#-$#/*-73#1$(%$I'%(5$

_5861+8.4D&&& &0886&f85C885Y&_2j&

f1,8EF5861+8.4D &c8*.&H,2>5/856Y&_2j&

H,18.<;,&64:pD&& &a)@8&U28>=1668.Y&_2j&

& & &c:G18.O:&(5::CY&_2j&
7B]6D & &a))8.&05:.8.3>5/&KgjM&

& & &g:5O*&V.:F8.&KgH,M&

& & &4(,(+,3$

U8,2.1,1:.6D &a)@8&g:/+8)89.6Y&(H, &q:+O:&j5>CC8.Y&(H,&

& & &V15648.&U8>.1668.Y&(H,& &g:5O*)81.&Z85A6Y&(H,&
& & &H48A:.&_:.4>6Y&(H, &q*>5:&72C8+Y&(H,&

& & &_8//9&_1OF856 & &4(,(+,3&


