
!"#$%&'"(')*+!,'-.)/.+012

32.$#4.)#"+10+56&#2$78$2.+9'".$"."

:;&,'$+:#1/<&.2

9','"'1)+='1/(.4'/$&+9'".$"."

=>>?@+A$)/16,.2

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

BC>D8E+B..#')*@+!$"#.2)+31F)"('G"@+H6.%./I+B$;+JK#(LJM#(+JNOO



C)%12)+!2212"+10+B.#$%1&'"4

• 8$2.

– PQR+OSONTNNN+E.F%12)"

– UN+V+;.$2++')+>$)$-$

– U+V+D.$2+')+=>

• R&#2$2$2.

– WXW3+9.0'/'.)/;

– Y'2"#+-."/2'%.-+JNNO

– ON+G$#'.)#"+V+U+0$4'&'."+F12&-F'-.



:;"#.4$#'/+Z'#.2$#62.+8.,'.F

[#2.$#$%&.+C9\]

• C-.)#'0;+$&&+C!B"

– G2.".)#')*+F'#(+C9+V+99+$"+G2.-14')$)#+0.$#62.

– 012+F('/(+/$6"$&+#2.$#4.)#+'"+$,$'&$%&.

• >($2$/#.2'^.+/$6"$&+#2.$#4.)#"+$)-+.00./#"+1)

C9+$)-+2.&$#.-+412%'-'#;

• 9."/2'%.+&.,.&"+10+.,'-.)/.+012+#(.".

#2.$#4.)#"

]+>&$2$+,$)+Q$2).%..<+$)-+:;&,'$+:#1/<&.2@+4$)6"/2'G#+')+G2.G$2$#'1)



8."6&#"

• K_+#2.$#$%&.+C9

• >1412%'-'#'."

– E.621&1*'/

– =.($,'12@+G";/('$#2'/

– :;"#.4'/

• 32.$#4.)#"

– 9'.#@+-'.#$2;+"6GG&.4.)#"

– A'#$4')"@+/10$/#12"

– ?:>3

– G($24$/1&1*'/$&



!,'-.)/.+,"+>&')'/$&+P2$/#'/.

]`a012-+>.)#.2+012+!=B@+JNNM



!a$4G&.+!,'-.)/.+Z.,.&+U



Z$/<+10+!=B+')+C!B

• E.F&;+-'"/1,.2.-+b+OMKN

• !a#2.4.&;+"4$&&+G$#'.)#+/1(12#"

• 32.$#4.)#"+%$".-+1)+G$#(1G(;"'1&1*'/$&

6)-.2"#$)-')*

• 32.$#4.)#"++[&.$2)')*+%;+-1')*\

• E1+&.*'"&$#'1)+012+-'.#"+$)-+)6#2'#'1)$&

"6GG&.4.)#"



Z12.)^1c"+`'&+012+dLWZ9

• dLWZ9S+).621-.*.).2$#',.+-'"12-.2@+1)".#
/('&-(11-@+$//646&$#'1)+10+AZ>YW

• X3!VX3!+5Z12.)^1c"+1'&7+')('%'#"+.)-1*.)16"
AZ>YW+";)#(."'"+5OMeN'."7

• 8.".$2/(+06)-.-+$)-+')'#'$#.-+%;+Z12.)^1c"
G$2.)#"

• Z12.)^1c"+1'&+f+)6#2'#'1)$&+"6GG&.4.)#

• W,$'&$%&.+012+.,.2;1).

• ?6*1+B1".2S+')#.2)$#'1)$&+1%".2,$#'1)$&+"#6-;

• :#'&&+)1+/&.$2+.,'-.)/.



bJNOOS+E.F+`GG12#6)'#'."

• C)#.2)$#'1)$&+-$#$%$"."

• E$#62$&+('"#12;+"#6-'."

• !aG.)"',.+#2.$#4.)#"S+.,'-.)/.+G2.2.g6'"'#.

012+06)-')*

• E.F+4.#(1-1&1*'."

• R).#('/$&+)1#+#1+."#$%&'"(+.,'-.)/.



P9!+V+W)#'g6'#')+9.0'/'.)/;

• C)#2$/#$%&.+).1)$#$&+.G'&.G#'/+.)/.G($&1G$#(;

• :.'^62."+2."G1)"',.+#1+,'#$4')+=h+5G;2'-1a').7

• 8.$"1)+012+,'#$4')+=h+2."G1)"',.).""+)1#

<)1F)

• 9."G'#.+".'^62.+/1)#21&+F'#(+,'#$4')+=h@+C9



      

          

      

                  

                
 

 

     

 

 

 

  

2

           COOH

           COOH

 COOH

Lysine

Antiquitin

 O

C      H

 

CH
3

OH

      O

O    P      OH2C

      O

 Mills et al Nature Medicine 2006

JNNhS+X.).#'/+9.0./#+')+P9!S++,-#$./$#$-01&2$($&-(3

P9!+V+W3H+-.0'/'.)/;+f

>.2.%2$&+12*$)'/+$/'-62'$

>14G$2$%&.+#1+XWi



`GG12#6)'#;S+";"#.4$#'/+$GG21$/(+#1

&;"').+2."#2'/#.-+-'.#+')+P9!VW3H+-.0

• Q)1F)+"')/.+OM_U

• !"#$%&'"(.-+G$#'.)#+/1(12#"

• :')*&.+/$".+"#6-;S+)fJ

– G21,.-+2.-6/#'1)@+)124$&'^$#'1)+10+%'14$2<.2"

– C4G21,.-+%.($,'12+$0#.2+J+F..<"



32.$#$%&.+C)#.&&./#6$&+9'"$%'&'#;

!)-.$,162+')+=>+53C9!L=>7

• =>>?+>1&&$%12$#',.+W2.$+10+C))1,$#'1)

• JTJ_+4'&&'1)+-1&&$2+012+jL_+;.$2"

• O7+C4G&.4.)#$#'1)+10+$+G21#1/1&+012+-'$*)1"#'/

F12<+6G+10+G$#'.)#"+F'#(+C9+F'#(+#2.$#$%&.+C9"

$"+$+G2'12'#;

• J7+!"#$%&'"(')*+.,'-.)/.+012+#2.$#4.)#"+10+2$2.

C!B"+5.*+P9!VW3H+-.0'/'.)/;7



P&$))')*+$)+C)#.2)$#'1)$&+32'$&+012

#2.$#4.)#+10+P9!VW3H+-.0'/'.)/;+F'#(

&;"').+2."#2'/#.-+-'.#T

• 8>3k+9'.#+)1#+$//.G#.-+%;+"14.+0$4'&'."

• `%".2,$#'1)$&+"#6-;

• `6#/14."k

• Y6)-')*

• 8.*6&$#'1)"

• l12<"(1G+$#+::C!B+B..#')*+X.),$+:.G#+JNOO


