JP 2012-115269 A 2012.6.21

(19) BFREREHFT (JP) 2 M A E|A) (1) s A RS
15882012-115269
(P2012-1152604)
43) AME  FR4E6H21H (2012.6.21)
(51) Int.CL. F1 F=7I2—F (%)
c12Q 1/68 m.m’) Cl12Q 1/68 ZNAZ 4B0O24
C12N 15/115  (2010.01) C12N 15/00 H 4B0O63
GO1N 33/53  (2006.01) GO1N 33/53 D
GO1N 33/52  (2006.01) GO1N 33/542 A
GO 1N 33/543 (2006.071) GO1N 33/543 595
EEHMR E EREOH 108 OL NESHE (£ 140 B)
@21 HEES $FEE2011-284014 (P2011-284014) |(71) HER A 506200555
@2y HEE FERE23F12H26H (2011.12. 26) AR AZI—TTFT o —
(62) B DFRT 5 EE2006-543991 (P2006-543991) TANVHEREE 63104 IZ—UHN
DAE EYPMUAA A4—h =110
BEHER SERL16EE12A 10H (2004.12.10) Fvrus4 2y ET—J 3556 ¥}
(1) miEEFRES 60/529,076 A A AZIN—=TF 44— Fr/UP—
(32) ®scH FEREISFEIZH12H (2003.12.12) VAT — AT 4 A
33) BT EEREE HEH (US) (74 fCE A 100062144
#EB+ BL B
THREA 100101454
#E+ UE &=
(74 fCE A 100106518
#E+ Be EF
(74 fCE A 100146259
#E+ BE WE
BIRE B

(54) [RAOER] AFTZOBOFHMOMEAED L H—

GHooDoDoOo0Do0o0Dooooo
gboobooooobobooboooboobooboobobobooboooboboboboooonn
ugboboooooboboboboooobooba
oooobooooooboooobooooooOoooooboooooobooooobooo
gbooboooooobooboboboooobooboboboboooboboboboooonn
uobooboooobooboobooboooboooboobobobooooobobobobooooan
ooooboooooobooooboooooooooobooooooboOboooobooo
gboooooboooboobotbobooooboobobobooboooboboboboooogono
ooo

gboogoggan

10



Iy e e e e ey e e e [ e s s [y
e e e ) e e e e e e A [ e s Y [

Oo0oooooo0oooooogoooo
OO0 oDoooo4o0oooooggoooo

Ooooooooogoooao
OO0 ooooogogooao
Ooooooooogoogo

Ooooooo0ooooooo0ooDooooooooogoogooao

OO0 oOooo4o0ooooo4ogooDoogogogoooaog
Ooooooooooooooooooogogoooaoo

Ooooooo0ooooo4gogooooogogdg

O
O
O
O

O
O
O
O

O 0Oooo
O 0Oooo
O 0Oooo

O0Ooo0oo0ooao
O0Ooo0oooao

O

O
O
O
O
O
OJ
O
OJ
O

Oooooooooooao

O Ooooo
O Ooo0ooao
O Ooooo
O O0OoOgooao
O Ooooo

O
O
O
O

O Ooo0oooao
O 0Oo0oo0ooao
O 0Ooo0oooao
O 0Oo0Oooo
OOoo0oooao
O 0Oo0Ooooao

O

O

O
O
O

O Ooooo

(2)

JP 2012-115269

2012.6.21

oooao
oooao
oooao

10

20
gooao
gooao
oooao

30
oooao
oooao

40
ooon
oooao

50



Iy e e e e ey e e e [ e s s [y

OO0 o0Dooo4odooooo4ggoooooggogao
OooooooooooooooooogogQgoao
OOo0oooooooooo4gogoooooggogo
OooooooooooooooooogogoQgoao

OOoo0oooao
O0Ooo0oo0ooao
OOooooao
O0Oo0oo0ooao
OOooooao
O 0Oo0Oooo
OOoo0oooaoo
O0Ooo0oooao
O0Ooo0oooaoo
O0Oooooao
O0Ooo0oooao
OOooooao
O0Ooo0oo0ooao
OOoo0oooao
O0Ooo0oo0ooao
OOooooao
O 0Oo0Oo0ooao
OOoo0oooaoo
O 0Oo0oooao

OO0 o0DoDoogogUooooooggooooogogogoao

Ooooooooooooaoo

Ooooooggoao

O
O
O

Ooooooogoogoao
Oooooogogoao
Oooo0ooogoogoao
Oooooogogoao
OoOoo0oooogoQgQd

O
O
O
O

O
O
O
O

O0Ooo0oooao
OOoo0oooao
O 0Ooo0oo0ooao

O
O
O

O oOoooo
O o0Ooooo

Ooooooggdg

OoOoo0oooQgd
O Ooooo
O 0Oo0ooOoao
O Ooooo
OO oO0goo
O Ooooo
OO oOooo

O
O
O
O
O
O
O
O
O
O

3)

O
O
O
O

JP 2012-115269

O
O
O
O
O
O
OJ

O
OJ
O
O
O

2012.6.21

10

20

30

40

50



Iy e e e e ey e e e [ e s s [y
e e e ) e e e e e e A [ e s Y [

e sy
e s e e e e e e ) e e e ey o A
e s R ey [y
e s e e e e e e [ o By

OoOooooooo0oooooo0 oo oooo0ooDoDooooooooogogao-g

O
O
O
O
O

OoOoo0oood

O o0Ooo

OO0 oooooQgoooodg
Oo0oooooooooood

O
O
O
OJ
O
O
O
(]

O
O
O
O
O
O
O
O

O Oooo
O 0ooo
O Oooo
O 0O oo
O Oooo
O 0O oo
O 0Oooo
O 0Oooo

O
O
O
O
O
O
O
O

O 0Ooooo
O 0OoO0ooog
O 0Ooooo
O 0OoOooo
O 0Ooooo
O 0Ooooo

OoOoo0oooaoo
OO0Oo0oooog
OoOoo0oooo
OO0Oo0oooog
Oo0Ooo0oooo
OOoo0oooog
O0Ooo0oooao
OoOoo0oooaog
O0Ooo0o0ooao
OoOoo0oooaog
I B
OoOoo0oooaog
O0Ooo0Ooo0ooa.o
OoOoo0oooo
O0Oo0oooog

]

O
O
O
O
O
O
O
O
O
O
O
O
O

(4)

|

O
O
O
O

JP 2012-115269

O
O
O
O
O
O
OJ

O
O
O
O
O
O
O

O
O
O
O
O

2012.6.21

10

20

30

40

50



Iy e e e e ey e e e [ e s s [y
e e e ) e e e e e e A [ e s Y [
Iy s ey ey e R e s [ [y

OO0 oDoooogogooooogoogdg
Oo0oooooooooooogodg
OO0 oDoooogoooooogoogdg
Oooooooooooooogodg

O Oooo

OOo0oooo4o0ooooo4dooDooo4gogoooooggg
Oooooooo0ooooooo0ooDoooooooooQgog
OOoooooo0ooooo4o0ooDooo4oooooogogog
Oooooooo0oooooo0oooooooooooQgg

O Ooooo

O
O
O

O
O
O

O
O
O
O
O
O

O Oooo
O 0ooo
O Oooo
O 0O oo
O Oooo
O 0Oooo
O Oooo
O Oooo
O 0Oooo
O Oooo
O 0Oooo

O
O
O
O
O
O
O
O
O
O
O

O Oooo
O 0ooo
O Oooo

O oOooo
O 0Oooo
O oOooo
O 0Ooo

O 0ooo

O Oooo

|

O

OJ
O
O
O
(]
O
O
O
O
O
O
O
O
O
O
O
O
O

|

O o0ood

O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O

O 0Oooo

O 0O oo

O
O
O
O
O
O
O
O
O
O

)

JP 2012-115269

ooooDDbD0Oano

O
O
(]
O
O
O
O

O
O
O
O
O
O
OJ

O
O
O
O
O
O
O

O

O

O

2012.6.21

oooao

O
O
O
O

(]
O
(]
O

O
O
O
O

10

20

30

40

50



Iy e e e e ey e e e [ e s s [y

OO0 oo ooo4dQgoooooggogo
Oo0ooooooooooogQgoo
OO0 oo ooo4gogoooooggogo
Oo0ooooooooooogoQgogoo

e s e e e sy e R s [ |
I e e e sy e
OO0 Ooooo4o0 oo ooo oo oDoDoogoooooogogdg

Oo0ooooo o oooooooooodg
OO0 oDoooo4o0ooooogooooogodg
Oo0oooooooooooooooodg

O Oo0oooao
O 0Ooo0oooao
O Ooo0oooao

O
O
O

O 0Ooo0oooao
O Ooo0oooao
O 0Ooo0ooo0oao

O 0Oooo
O 0Oooo
O 0ooo

OO0 oooooogogogoooo
Oooooooooogoooo

O
O

O
O

O
O

O
O
O
O
O
O
O
O
O
O
O
O

O
O
O

OOoo0ooood
OOoo0oo0oood
OoOoooood
OO0Ooo0ooood
OoOoooood
O0Ooo0ooood
OoOoo0ooood
OOoo0oooogod
OoOoo0ooood

O
O
O
O
O
O
O
O
O
O
O
O

JP 2012-115269

ooao

O
O
O
O
O
O
O

O
O
O
O
O

2012.6.21

10

20

30

40

50



Iy e e e e ey e e e [ e s s [y
e e e ) e e e e e e A [ e s Y [
Iy s ey ey e R e s [ [y

Oo0ooooo4o0oo oo ooDooog4gogooooogdg

OOo0ooDoooUo0ooDooggUooDooogogooao
Oooooooo o0 ooDooo o ooooogoogoooo

O Ooooao
O 0Ooo0ooo

Ooo0ooooooo0 oo ooo o0 oo oDoo o ooooogog

Oo0ooooo4o0oooDooogogoooooogogog
Oo0oooooo0oooDooooooooogogogoo-g

Oooooooooooogogooao
Ooooooooooooogoogoooao

O Oooo
O 0Oooo

OOoooood
OoOoo0oood
OOoooood
OO0Ooo0oooogod
OoOoooood

OJ
O
O
O
O
O
O
O

OoOoo0oooogdg
OooOoo0ooood
Oooooogd
OOo0oooogd
OooooooQgod
OO0o0o0ooogd
OooOoo0oooQgod
OoOoo0oooogd
OooOoo0ooood
OoOoo0ooogd
OooOoo0oooOod
OoOoo0oooogdg
OooOoo0ooood
OoOooooogdg
OooOoo0ooood
Ooooooogd
OOoo0ooogdg
OoOoooooQod
OoOoo0ooogd
Ooo0o0oooQod
OoOoo0oooogd
OooOoo0oooOod
OoOoo0ooogdg
OooOoo0oooOod
OoOooooogdg
OooOoo0ooood
Oooooogd
OOo0o0oooogd

OoOoo0oooogdg
OooOoo0ooood
Ooo0ooooogd
OOo0o0oooogd
OooOoooooQgod
OOoo0ooogd
OooOoo0oooQgod
OoOoo0oooogd
Ooo0oo0ooood
OoOoo0ooogd
OooOoo0oooOod
OoOoo0oooogdg

O 0Ooooo
O oOoooo
O 0Ooooo
O oOoooo
O oOoooo
O oOoooo
O oOoooo
O 0Ooo

O0Ooo0oo0ooao
OOoo0oooao
O 0Oo0oo0ooao
O Ooo0oooao
O 0Oo0Oooo
OOoo0oooao
O OooO0oooo
O0Ooo0oooao
O Oooooao
O0Ooo0oo0ooao
O Oooooo
O 0Ooo0oo0ooao
OOoo0oooao
O0Oo0oo0ooao
OOoo0oooao
O 0Oo0Oooo
OOoo0oooao
O Ooo0oooo
OOoo0oooao
O Ooo0oooo
O0Ooo0oooao

€

O
O
O
OJ
O
OJ
O
O

JP 2012-115269

O
O
O
O
O

OOoo0oooao
O 0Oo0Oooo
O0Ooo0oooao
O OooOoooao
O0Ooo0oooao

2012.6.21

10

20

30

40

50



Iy e e e e ey e e e [ e s s [y
e e e ) e e e e e e A [ e s Y [
Iy s ey ey e R e s [ [y
ey e e e s ey e e e e e e s s [y
Iy e [ [y

I e e ey e ey e Y [y
Ooo0ooooooo0 oo oo o0 o0 oD oD oo o0o oo o oo o0 oo oooQgooo

Oooooco4ogooooogoggogoao
OooooocoooooooQgogoao

O oOooo
O o0Ooo
O oOooo
O 0Ooo
O 0Oooo
O 0Oooo
O oOooo
O 0Oooo
O o0Oooo

O Oooo
O 0Oooo
O Oooo
O 0O oo
O Oooo
O 0Oooo
O 0Oooo
O Oooo
O 0Oooo
O Oooo
O 0Oooo
O Oooo
O 0ooo
O Oooo
O 0Ooo
O Oooo
OO oo
O 0Oooo
O 0Oooo
O Oooo
O Oooo

O
O
O
O
O
O
O
O
O
O
O
O
O
O

O
O
O
OJ
O
O
O
O
O

OooooogQgdg

O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O

OoOoo0oooodgdg

OooooogQgdg

Oooo0oogoood

OoooooogQgdg

OOoooooggdg

OoOoo0oood

OO0Oo0ooogodg

OoOoo0oood

O
O
O
O
O
O
O
O
O
O
O
O

OoOoo0ooodg

I B B

OoOoo0ooodg

O0Oo0oood

(3)

OoOoo0ooodg

O0Oo0oood

OoOoo0ooodg

|

O Oooo0ogao

OoOoo0ooodg

OOoo0ooogodg

[ B B
O oOooo

JP 2012-115269

O O 0Oooo
O O
O O
O O
O O
O O
O O

O o0Oooo
O oOooo
O o0Oooo
O oOooo
O o0Ooo
O oOooo
O 0Ooo

O
O
O
O
O
O
O

O
O
O
O
O

O 0Oooo

O
O
O
O
O

2012.6.21

O 0Ooo

10

20

30

40

50



s e e e s e o
e s e e e e e e s s s e o e s ey
s [
e s s e e e e s e e s ey I

Iy e [y e s R e R
e ) [y e e s e e e s e R s

R [ Iy

OooOooo0oooooo0oooooooD oo oooUoooDoDooogogogooao

O
O
O

O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O

OoooooOoogao
Oooooogogoao
OO0 ooogogaog
Oooooogogo
OOoooogogaog

O

|

OoOoo0ooood
OOoo0ooood
OoOoo0ooood
OOoo0ooood
OoOoo0ooood
OOoo0ooood
Oo0Ooo0oo0oood
OOoooood
O0Ooo0oo0oood
OOoooood
O0Ooo0ooood
OoOoooood
O0Ooo0ooood
OoOoo0ooood
OOoo0ooood
OoOoo0ooood
OOoo0ooood
OoOoo0ooood
OOoooood
Oo0Ooo0oo0oood
OoOoooood
O 0Ooo

O Oooo

€))

JP 2012-115269

|

|
O

2012.6.21

10

20

30

40

50



Ooooooo0oooooo0ooDoooo0oooDooooooooogodg

O

OO0o0ooOoDoogdUoooooUoUoooDoDoo4ggooooogogaog
OoOo0oooooo0ooooooooooDooooooooogogoao
OO0ooOoDoogogUoooooUoooooDoDooggooooogogaog

O 0Ooo0oo0ooao
O Ooo0oooao
O Ooo0ooo
O Ooooo
O 0Ooo0ooOoao
O Ooooo

O d

g
a
u

20030

Oo0ooooooooooogoQgooo

0

Oo0DoDooo4Qgoooooggogao

OooooooooooogogoQg
OoooDoogogooooogogg
OooooooooooQgoogoao

Oooooooooooggdg

O o0Oooo

O

g
t
u

Oo0oooooooooooooooooogodg
Ooooooogoggooao

O Ooo0ooo
O Ooooo
O Ooo0ooao
O Ooooo

g
a
u

O

O Ooooo
O 0Oooo
O Oooo
O 0Oooo
O Oooo

O 0Oooo
O Oooo
O 0Oooo
O Oooo

O

(10) JP 2012-115269 A 2012.6.21

oooobODobOOoO0oDoooooooooboao

uogouooboobooooobodooouobboooooboooobooagado
ooobObOO0o0ooooooobbobooooooobooobboOoooo
gooooboooooboooobbooooboboooboboogao

kit OODODOOOOOmolecular beaconD D OO OO0 OO0O0O0O
analyte0 0O 0 00O O O O O macromolecular complexO O O O O 0O
00000000000 oDU0ooDODOd0o0ooDooDoDooDOooDOo
O0oo0ooao

0000000000 oDoDo0ooDo0DO0o0DooDoDoDoDOooDooDOao
00ooD0oooDOoo0oooDooDoDO0ooo0oooDooDoDooDooDOo
0000000000000 oo0DO0o0oooDooOoDOooDooDOaon
000000000000 oDo0DO0o0oDoDoDo0DO0ooDOooDOaOo
0000000000000 oDo0DO0oDo0DooDooDo0oDO0oDooDOao
00000000000 DoDU0ooDoDO0oO0oDoDooDoDooDooDOao
00000000000 oDU0ooDoDOdoO0ooDooDoDoOooDOooDOo
00000000000 oDUooo0DO0oUoooDooDoDOooDoooDOao
O O O parallel protein detection0 0 0000 O OO0OODOOOO

goooooooobooooooboooooboboooobboooooboooooban
O0ODO0O0O0DO00O00DO0OO0O0OO0OD0O0OO0D0ORDOHeydukO T.; HeydukO E.Nature

Biotechnology 20020 200 171-176; HeydukO E.;KnollO E. ;HeydukO T.Analyt.Biochem.

3160 1-100 ODOOODODODODOO0OOOODOOOODODDODOOOODODODOOODODOOOn

O

O

O

ugooano
gooao
g

OoOoo0ooooQgdg
OooooogoQgdg
OoOoo0oooodgdg
Oooo0oooQgdg

O oOooo
O o0Oooo

O
O

O oOooo

00oDoD0oo0Do0oo0ooDO0ooDo0DO0ooo0DooDoDoDOoDOooDOoDoDOao
Oooooooooao

00000000000 O0OOoODDOO000OdO0Odhalf-sites 0000
00000000000 oDU0ooDo0DO0oO0ooDoooDooDooDOo
00000000000 oDU0ooDODOd0o0ooDooDoDooDOooDOo
0000000000 ooDo0ooDo0DO0oo0ooDooDoDOooDoooDoOao
00000000000 DoDU0ooDoDO0oO0oDoDooDoDooDooDOao
00000000000 oDU0ooDoDOdoO0ooDooDoDoOooDOooDOo
0000000000000 oDo0DO0oo0ooDooDoDOooDoooDOao
O0o0oo0D0ooDoooooDoooDoao

0000000000000 oo0DO0o0oooDooOoDOooDooDOaon
000000000000 oDo0DO0o0oDoDoDo0DO0ooDOooDOaOo
0000000000 ooDo0oooDOooO0ooDooDoDooDooDOo
0 O 0 O HeydukO T.; Heyduk(O E. Nature Biotechnology 20020 20

17i-1v6e0 D00 0O0O0DOOO0OO0OODODDODOO0OODODDODOOODODDODOOOODODOOOODODRDO

10

20

30

40

50



(11)

JP 2012-115269 A 2012.6.21

cooooooooooooooOooobOoobboOoboooobOooDbooboboobobooDbDOoDoboo
OO0O0ODDDOO0OO0O00O0OO0ODOAOHeydukO E.; KnollO E.; HeydukO TO ; Analyt.Biochem.2
0030 3160 1-10; KnollO E.; HetdukO T.Analyt._Chem.20040 760 1156-1164; HeydukO E.

OO0 ooDoogogogoooao
Oooooooooooaoo
Oooooooggooao
Ooooooooogooao

OoDoooooooooQgoQg@m s
Oooooogogooao

O

O

O

O

O

O

O

O

O

O

Feil Y.; Heydukd T.Combinatorial Chemistry and High-throughput Screening 2003
600 183-1940 U 00 0O O0O0O0DODDODO0DODDODUOODODODODODODDUODODDODODODODODUODODDO

goooooooboboogogoobobooooobobbobooooboboooboboo

ud

O
O 0Oooo

I Ry |
I Ry |

O

g

O

O

O

oooono
ooooaon
ooooao

oooobDobooooao
ooobDobooOo0ood
ooobDDbDoOood

HeydukO T.; HeydukO E.Nature Biotechnology 20020 200 171-176

HeydukO E.;KnollO E. ;HeydukO T. Analyt.Biochem.20030 3160 1-10
KnollO E.; HetdukO T. Analyt.Chem.20040 760 1156-1164
HeydukO E.; Feild Y.; HeydukO T.Combinatorial Chemistry and High-
throughput Screening 20030 600 183-194

ooocoooboooao

O

Oo0ooooooo0 oo ooo o ooojlooogoog
Oo0oDoo4oooDoDogogUooooo|gogog

O

Oooooooooooooooogogao
OO0 ooooo4ooooDoooggogogogooioodg
Ooo0oooooo o oo oooooOoooiocodg

Oo0ooooo4ooooogogoooolo

O

20000 50
ooao
oggao
ogaao

o0
ogd
ad
940
gd
od
ud
oo
400

OooooooooooOo|ig
Ooooooooooog|ig
Ooooooooooooog|ig
Ooooooooooog|ig
OO0 oDooogogo0ooooog|g
OoooooooooooQg|ig

O O O

O OO

O 0O O
O Oooo
O 0O oo
O Oooo
O Oooo
O Oooo
O Oooo
O Oooo
O Oooo
O 0Oooo
O Oooo
O 0Oooo
O Oooo
O 0ooo
O Oooo
O Oooo
O Oooo
O Oooo
O Oooo
O Oooo
O 0Oooo
O Oooo
O 0Oooo
O Oooo

O

O

O

OO0 ooDoogoooaolo
Ooooooogooooaolo
OOooooogogoooaolo
Oooooooooooo
Ooooooogogogooao
Ooooooooogooao
Ooooooogogogooao
Ooooooooogooao
Ooooooogoogooao
OoooooooogooOooao
Ooooooogooooao
OO0 oooogogogooao

Ooooooogogooao
Ooooooooogooao
Ooooooogogogooao
Ooooooooogooao
Ooooooogogogooao
OO0 ooDoogogogoao
Ooooooogogogooao
OO0 oooogogooao
Oooooooogoogooo
OOooooogogooao
Ooooooooogooo

O
O
O
O

O
O
O

O
O
O

O
O
O

Genes
389-3960 U D OO0 ODDODODODODODDUODODODOODODODODODDOODODODOOO

ooooo0oo0oooDOooo0DooODU0ooDOooDOoDooDUooDDODUOooDoDooDOooODDOOd
000000000 DoDO0ooo0o0ooDU0ooDOooDoDooDooOoDOooDoDooDoooOog
0000000000000 O0D0OD0O0OD0OOO0OOD0aOAnalyt.Biochem.20010 2
126-131 0 000000000 DODO0OO0OODODDODO0DO0DDOOODODODUODODDODOODODODOO

00000000000 oo0ooUooDoDUOooo0Do0oDo0DooDUoooDooDoDooDoooOd
00000000000 o00ooDo0ooDO0o0o0D0o0D0Do0oDo0ooDOoDOooDOoDoOoDooDDOO
Ooo0o0oooDo0oooDoooooDo0ooDOooo0Do0ooODO0DoDooDoDooDoooDoooDd
O000D0DD0O0OO00DODOOOODDDOBIochem.Biophysics.Res.Commun.20020 29200 31-
00000000000 oo0ooDU0ooDoDU0ooo0Do0oDo0DoDoDUooDoDooDoooDoooOg

Ooooao
oooao
oooao
to Cells

10

20

30

40

50



Oooooooooooogogoooao
OO0 oDoooogogoooooggogog
Oooooooooooogogoooao
OOo0ooDooogooooogogooao

0

00
00
oo

O
O
O

19900

0

Ooo0oooooo4o00 oo ooo oD oo oooo0DoDooooggoQg
OO0 ooooQ0UoooDoooo oo oDoogog4gogooooogd

Ooo0ooooooo0 oo ooo oD oo oDooo0DoDooooggoQg
Oo0ooooo4Q00ooooooUoooDoDoogogooooooggog
Ooo0ooooooo0 oo ooo o0 oo oDoo o ooooogog
Oo0ooooo4o0ooDooo oo oDoDooogogooooao

OooooooooooooQgoo

Oooooco4ogooooogoggogoao

OooOoo0oooOod
Ooooooogdg
Oooooooodg

O

OoOoo0oood
OOoooood
OoOoo0oood
OOoooood
OO0Ooo0oooogod

O

Ooo0oo0oo0oooano
OoOooo0ogoao

O

O

(12) JP 2012-115269 A 2012.6.21

ooooOobObOO0oooooocoboboOobooooooooboboooo
gooobooogoobobogooboboooooboooboboboogao
goobobooooobobooooobobooooooboooooboooao
ChemBioChem.20030 400 829-8340 D 0 U DO OO OOO0OOODOOO
ooooObOOO0ooooooobbbobooooooobbooOoogoo
ogd

uggao
gooboooobobogooboboooooboooboboboogao
goobooooobobooooobobooooooooooboobooooao
ooooOobObOO0oooooocoboboOobooooooooboboooo
ooooObOOO0ooooooobbbobooooooobbooOoogoo
gogoboooooboboboooobobooooooboooooboboooao
ugogbobooooobboooobboooooboooobooado
ooooObOoOoO0ooooobocobbboboooooooobobooogoo
gooobooooboboooobobooooobooooboboboooao

TuerkD C.;GoldO L.Science 19900 2490 505-510;GoldO L. ;Poliskyd B.;Uhlenb
eckd O.;Yarus M.Ann_.Rev.Biochem.19950 640 763-797;Wilsond D.S. ;Szostak J.W_Ann
-Rev.Biochem.19990 680 611-6470 0 0 D DD 00 O0DDODODOODDOOOODDODODOOO
oooao
oooao
oooao
Polisky

O

O

O

O

O Ooo0ooo
O Ooooo
O Ooo0ooo
O Ooooo
O O0OoOgoo
O Ooooo
O OoOgoo
O Ooooo
O Ooogooo
O Ooo0ooo
O Ooooo
O 0Ooo0ooo
O Ooooo
O 0Ooo0ooo
O Ooooo
O 0Ooo0ooo

oo oooooooooooogodg
OO0 oo oooooooooogdg
oo oooooooooooogod
OO0 oDooooooooooogdg
OO0 Do oDoogogogoooooogdg
oo oo oooooooooogdg
OO0 Do oDoogoogoooooogdg
oo oo oooooooooogodg
OO0 oo oDoooogoooooogdg
OO0 oooooooooooogodg
OO0 oo oooooooooogdg
oo oooooooooooogodg
OO0 oDooooooooooogdg
oo oooooooooooogodg
OO0 oDooooooooooogdg
Oooooooooooooood
oo oDooooooooooogdg
OO0 Do oDoogogogoooooogdg
OO0 oDoDoooooooooogdg
OO0 Do oDoogogogoooooogdg
oo oooooooooooogodg
OO0 oDooDoooogoooooogdg
oo oooooooooooogodg
OO0 oDooooooooooogdg
oo oooooooooooogodg
OO0 oDooooooooooogdg
oo oooooooooooogod
OO0 oDooooooooooogdg
OO0 0o oDoogogogoooooogdg
oo oo oooooooooogdg
OO0 Do oDooogoogoooooogdg
oo oooooooooooogodg
OO0 oo oDoooogoooooogdg
oo oooooooooooogodg

ooo
ooo
goao
19950
ooo

O

O 0Oood

goobobooooobobooooobobooooooboooooboooao
ooooObObOOooooobocobobboboooooooobobooooo
OoOO00000OD0O0O0DO00O0O0DO0OD0ODO0ODO0OD0OD0O0DODDOTurek
Owilson 19990 0000 O00CO0DO0ODO0OO0DO0ODOOODOODOODOO
ugogboboocoooboooagdo

O Oooo
I Y o Y
O 0o oo
I [ o [
O 0o oo
I [ o [
O 0o oo
O 0o oo
O 0o oo
O Oooo
O 0o oo
O Oooo
I Y o [
O 0o oo
O O oo
O 0o oo
O O oo
O 0o oo

10

20

30

40

50



Iy e e e e ey e e e [ e s s [y
e e e ) e e e e e e A [ e s Y [
Iy s ey ey e R e s [ [y

e s e ) e e ) ey e s e s e [ sy s [

Oo0ooooogogoooao

O 0Ooo0ooao
O OooOooo
O 0Oo0ooo
O Ooooo
O 0Oo0ooOoo
O Ooooo
OO oO0ooog

O
O
O
(]
O
O
O
O
O
O
O
O
O
O
O
O
O

O oOoooo
O oOoooo
O o0Ooooo
O oOoooo
O o0Ooo0oo0oao
O oOoooo
O 0Ooooo
OoOoooo
O 0Ooooo
O oOoooo
O 0Ooooo
O oOoooo
O oOoooo
O oOoooo
O oOoooo
O 0Ooo0oo0oo
O oOoooo
O 0Ooo0ooao
OoOoooo
O 0Ooooo
O oOoooo
O 0Ooooao
O oOoooo
O Ooooo
O oOoooo
O oOoooo
O o0Ooooo
O oOoooo
O o0Ooo0oo0oao
O oOoooo
O 0Ooooo
OoOoooo
O 0Ooooo
O oOoooo
O 0Ooooo
O oOoooo

I e ) ey ey s [ s [y [ |

e e s e e e e ) e Y [ Iy
Iy e R ) ey ey Y [y Iy
e e e e ) ey Y [ Iy
oo oooOooo0 oo oo o o0 oo oo oo oOD oo oo o0ooogogogoao
I s e e ) ey [ Y [ Iy
e s e e e e e ) ey e e s Y Y I Y
I e e e ) ey e Y [ Iy
e e e e e ) ey e e s Y [ I Y
I e e e ) Y [ Iy
e s e e e e e ) ey ) s ) Y Y Y
Iy e e ey ey Y [y Iy
e e e e ) ey e e Y [ I
I e R ) ey e [y Iy
I e e e e )y ) Y [y
oo oooooo0 oo oo o o0 oo oo oo oD oo oo0oo0ooogogooo
I s e e ) ey e Y [ Iy
oo oooOooo0 oo oo o0o o0 oo ooo0o o oo oo ooooooogogooao
I s e e e

OoOooOoooD4oooDoooogoogo

O
O
O
O
O
OJ
O
O
O
O
O
O
O
O
O
O
O
O
OJ
O
O
O
O

O
O
O
O
O
O
O
O
O
O

O
OJ
O
O
O
O
O
O
O
O
O
O
OJ
O
O
O
O

(13)

|

]

OO0 o0ooDoogog4gogooooogogdg
Oo0oooooooooooogoQgdg
OO0 oooogog4ogoooooogogg
Oo0ooooooooooogoQgg
OOo0ooooo4ogoooooogogdg

O 0Oooo
O Oooo
O 0Oooo
O Oooo
O 0ooo
O Oooo
O 0O oo
O Oooo
OO oo
O 0Oooo
OO oo
O 0Oooo

|

OO0 oo oooo0ooooooQgoooo

OO0 Do oDoo4QogooDooogoggogoooo

OO0 oo oooooooooQgooooo

OO0 oDooDoo4o0oooooogogQgogoooo

oo oooooogoogooo
OO0 oooooogogoo
Ooooooooogoogogoao
oo oooooogogooo

O 0Ooo0ooo
O 0OooOgooo
O O ogogog
O 0Ooo0gooo
O O ogogog
O 0OooOooo
O O ogoo
O 0Ooo0gooo

JP 2012-115269

O
O
O
O
O
O
OJ

O
O
O
O
O
O
OJ

Ooo0ooooQgooaoo
Oo0oooogodooao
Oooo0oooQgooao
Oo0oooodgooao
Ooo0oo0ooodgooao
Oo0oooodgooaoo
OOo0o0ooodogoao

O0Ooo0oo0ooao
O Oooooao
O0Ooo0oo0ooao
O Ooo0oooao
O 0Ooo0oo0ooao
OOoo0oooaoo
O Oo0Oooo

O 0Ooo0ooo
O Ooooo
O OoOgoao
O Ooooo
O Oogoao
O Ooooo
O Ooogoao
O 0Ooo0ooao

O
O
O
O
O
O
OJ

O
OJ
O
O
O

O

Oo0oooodQgooaoo
OoOoo0ooogo-gogao
Ooo0oooQgoao
Ooo0ooogoQgogao
Ooo0oooQoogoao

OOoo0oooaoo

O
O
O
O
O

2012.6.21

O Oo0oooaog

OOoo0oooao

O Ooo0ooogoao

O0Ooo0oooao

10

20

30

40

50



Iy e e e e ey e e e [ e s s [y
e e e ) e e e e e e A [ e s Y [

Ooo0ooooooo0 oo ooo oD oo oDooo0DoDooooggoQg
Oo0ooooo4Q00ooooooUoooDoDoogogooooooggog
Ooo0ooooooo0 oo ooo oD oo oooo0oooooogogoQg
Oo0ooooo4QooooooUooooDoogogoooooggoQg
Ooooooooo0 oo oo o o0 oo ooo oo ooooggoQg
Oo0ooooo4Qo0 oo ooo oo oo oogogooooogogoQg
Ooooooooo0ooooooooDooooooooogoogog
Oo0ooooo4o0 oo ooo oD oo oooo0ooooooggoQg

OO0 oooooooogoogaooe
Oo0ooooooooooogQgoo
OO0 oo ooo4gQgoooooggogog
Oo0oooooooooooogogQgoo
OO0 oo ooo4gogoooooggogo
Oo0ooooooooooogoQgoo
OO0 ooooogogoooooggogoo
OooooocooooooogoQgoo
Oo0ooooo4ooooooggogoo
OooooocoooooooQgogoao
Oo0ooooooooooooggoo

Oooooooogoogoao
OooooooQgogoo
OO0 oooogogao
oo ooooQgogoo
OO0 oooogogo
OooooooQgoo
Oooooogogoao
OooooooQgoao
Ooooooogogoao
OooooooQgogoo

Oooooooooooooooooogogoooao

Oo0ooooo4gogoooooggogao

O Ooo0oooao

OoooooooooooooDoooogoogoooao

OooooooooDoooUooDooogogogooao

OooOoo0ooood

OooooooooooOoogoao

OoooooooDooooooDooogogogooao

Ooooooooooooogogoao

O 0Ooo0ooO0oo0oao

OoooooooDooooooDooogogogooao

(14) JP 2012-115269 A 2012.6.21

O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O O0ooo
O 0Oooo
O 0Ooo
O oOooo
O 0Ooo
O 0Oooo
O 0Ooo
O 0Oooo
O Oooo
O 0Oooo

OooDoogogoooogod

Ooo0o0o0ooQodg
OoOoo0ooogoogdg
OooO0o0ooodg
OoOoo0oooogdg
OooO0Oo0ooood
OoOooooogdg
Ooo0Ooo0oooodg
OoOoo0ooooQgdg
OoOoo0oooogdg
OoOoo0oooQgodg
OO0o0o0oooogdg
OooOoo0oooQgodg
OoOoo0ooogdg

Oo0ooooooooodg
OooO0o0oooQodg

OooooooooooQgogoao
Oo0oooooooood
Ooooooooooogodg
Oo0ooocooooood
Ooooooooooogodg
Oo0DoDoogogogogoooogod

OoooooooDooooooDooogogooao

Ooo0oooooOooOooao
Oo0oooogoooo
OooOooooOooOooao
Oo0oooQgooo
Oo0o0ooogoQgogoao
Ooo0oooQogooo
Oo0ooogoQgooao
Ooo0oooQoooo
Oo0ooogoQgooao
Ooo0ooooOoooo
Oo0o0oogoQgooao
Ooo0ooooOooOooao
Ooo0oooQgooao
OooOooooOooOooao
Ooo0oooQgooo
Oo0o0oOoogooQgogoao
Ooo0oooQogooao
Oo0ooogoQgogoao
Ooo0oooQogooo
Oo0ooogoQgooao

OoooooooooooooDoooogoogogooao
Ooo0oooOoooo

OOo0oDooo0oDU0oooDoDooUgUUoDoDoogogooao
Oo0DoDooo0oUoooDoDooUogUogoDoDoogogooao
Oooooooooooooooooogogogooao
Oo0ooDoooUooooDooooUogoDooogogooao
Oooooooooooooooooogogogoooao
Oo0ooDoooo0ooDoDoooooDooogogooao

OoOoo0oooogodg
O O
O O
O O
O O
O O
O O
O O
O O
O O
O O
O O
O O
O O
O O
O O
O O
O O
O O

OJ
O
(]
O
(]
O

gogobooad
ooobOoOao
goooogao
gboobobooooobooouoobooooobooooobooooaodo

ooooObOO0oood
oooobooooooao
goooooooan

Ooooooogoogoodg
O O0Oo0o0o0oao

oo ooooogogog
OO0 ooooogogog
oo oooooogogoog
OO0 ooooogogog
oo oooooogogoo
OO0 ooooogogoog
Ooooooooogogoo
OO0 ooooogogoQg
Ooooooooogogo
OO0 ooooogogooQg
Ooooooooogoogoo

OOooooodg
O 0O0ooood
OOo0ooood
O 0O0oooodg
OOoooood
O Ooooood
OOoooood
OOoo0oooodg
OOooOooood
OOoo0ooood
OOoo0ooood

O 0Ooo0ooOoo0oao
O Ooo0oooao
O O0Oo0ooogoaog
O 0Ooo0oooao
O Ooo0oooaog
O 0Ooo0oooao
O Ooo0oooao
O 0Ooo0oooao
O Ooo0oooao
O 0Oooo

O
O
O
O
O
O
O
O
O

Oooooooogdg
Oooooooogogoao
oo oooogoo
OO0 oooogogaog
OooooooQgoo
OO0 oooogogo
OooooooQgogoo
Oooooogogo
OooooooQgoo

10

20

30

40

50



Iy e e e e ey e e e [ e s s [y

e e s Y s Y O Y [y o )

oo ooooogooo
OO0 ooooogogooao
Ooooooooogoooao
OO0 ooooogogooao
Ooooooooogooao
oo ooooogooao
Ooooooooogoogooao
oo ooooogooao
OO0 ooooogogoao
oo oooooogooao
OO0 ooooogogoao
oo oooooogooo
OO0 ooooogogooao
Ooooooooogoooo
OO0 ooooogogoo
Ooooooooogooao

O Ooooo

(15) JP 2012-115269 A 2012.6.21

oooooobooboooooooooobobbooooooooobboboboooooooooao
gooboooobobooogooboboogobobobooooboboooooboboooboboooao
gooooooboooooboooobobooooboboooooboooooboboooan
gboboboboooobbooouooboouoobboouobbooooobooobbxoado
olb,gooobobobbtbooooooobooboobbbbooooooboooDboan
gooooooobboooobooobobbooobbooooanb

gboooooobobooogooobooooobbooooboboooooobooooobobooadao
gooooobooboobooooooobobboooooooobboboboooooooobooboao
goobooooboboogooboboogoobobobooobboooooboboooboboooao
goobooooboooooobooooobobooobooooooboooooboboooao
oooooobooboooooooooobobbooooooooobboboboooooooooao
goooobobooooooooobobbooooooooobboboboooooooobooboao
goobooooboooooboooobobobooobobooooobooooboboooao
gbooboooobbooooobooooobboooobbooooooboooobobooadao
gooooboobooooouoooxbobboo obboOObOOOOOOooOooOooooODOaO

gooobooooobobogoobobooooboooobobooooboboooobDboao
goooboboooooboboooobooooao

OO0 o0o0ooodogoao
Oooooogogoao
OOo0o0o0ooodgogoao
Oooooogogoao
OOooooogogoao
Oo0ooooogoogoao
Oooooogogoao
Ooo0oooogoogooOoao
Oooooogogoao
OOoo0oooogoogoao
Oooooogogoao
OO0 o0o0ooodgogogao
Oooooogogoao
OO0 o0o0ooodgogoao
Ooooooogogoao
OOo0oooodgogoao
Ooooooogogogogoao

OO0 Do ooogo oo oDooogoggoooog
OoOoo0oooaog

oo oooooo oo ooooooooog
OO0 oo oooo oo oDooogogoooog
oo oooooo oo oooooOooooon-g
OO0 oo ooooooDoDooogoooog
Ooooooooooooooogoooooo
OO0 ooooooooDoooogogoooog

Oooooooooooooogoooao
OO0 oDoDoooo0ooooogoQgoooo

O O0Oo0ooooaog
O O0o0ooooao
O O0Oo0ooooaog
O Ooo0ooooao
O Oo0ooooaog
X OoOooooao
O Oo0ooooaog
O Ooo0ooooao
O OoOo0ooooaog
O O0Oo0oo0oooao
O O0Oo0ooooaog
O Ooo0ooooao

JAbibooboooobooocoooooobuooooooooonn
oooocoooboobooooooocobbobooooooao
JLAibiobbobooooooooobobboogod

Ooooooo0ooooooooooogoQgooao
OO0 oDooo4o0ooooo4ggooDoooggooao
Ooooocoo0oooooooooooQgooao
OOo0oDooo4o0ooooo4ogooooogoggooao
OoooocooooooooooooogoQgoOooao
Ooooooo0ooooooooooogoggooao
Oo0ooooooooooooooooogooao
Ooooooo0ooooooooooogQgooao
OO0 0o oodooDooodooDooggogoao
Ooooooo0oooooo0ooooogogQgooao
OO0 OoDooo4dooooo4QgooDoooggogooao
Ooooooo0oooooo0ooDooogoQgooao

O Ooooo
O Ooo0ooao
O Ooooo
O O0Oo0ooOoo
O Ooooo
O OoOgooo
O Ooooo
O OoOooo
O Ooooo
O OooOooo
O Ooo0ooo
O Ooooo
O Ooo0ooao
O Ooooo
O Ooo0ooOoao
O Ooooo
OO oOgoo
O Ooooo
O OoOooo
O Ooooo
O OooOooo
O Ooo0ooo

O 0Ooo0ooo
O Ooooo
O 0Ooo0ooo
O Ooooao
O O0Oogoao
O 0Ooooo
O O0Oogoao
O 0Ooooo
O Ooogoo
O 0Ooo0ooo
O Ooogooao
O 0Ooo0ooo
O Ooooo
O 0Ooo0ooo
O 0Ooooo
OO oOgoao
O 0Ooooo
O O0Oogoo
O Ooooo
O Ooogoao
O 0Ooo0ooo

10

20

30

40

50



Iy e e e e ey e e e [ e s s [y
e e e ) e e e e e e A [ e s Y [
Iy s ey ey e R e s [ [y
ey e e e s ey e e e e e e s s [y
Iy e [ [y
ey e e e e ey e e e e e s ) [y

s s ) e [
e s e e e s I e e
e e e e e [ [

e s e e e I s e e

ey e I [y v
OooOooOooooooooooOoooooooooOooooOoooOoooOooooooooobooOoogoao

e s e e e ey e s e ) Y Y I
e e e e [ ) Iy
e s e e ey e e ) Y Y I
e ) Iy
OO0ooooo0oooooo40oooooo4 oo ooooUDoDoDoDoUogoooDooogoooao
R e e ) [ Iy

O Oooo

O
O
O
O

O
O
O
O

O
O
O
O

O
O

e s e e e R |
Oooooooo0oooooo oo ooooooDooooooDooooooooofdg
e e e i Y

(16)

ooooDOobO0oano
oooDnD

O

O
O

O

-factor(

O

Oooooo*®=oo0ooooooooooogogoogo
OOo0o0ooooo0ooooooooooogogooao
OO0 0o ood4ogooDooggooooogogogoao
Oo0ooooooooooooooooogogooao

OoO0o0ooo0gooooaobo
Oo0oooogoQgoooao
OO0 ooogQgoooao
Oo0ooooOoogoooaoo
OO0 oooggoooao
Oo0ooooogogoooao

O
O

0

OJ
O
O
O

|

O

OO0 oDoogogUooooo4ggooooogoooao

O
O
O

Ooooooooooooooooooooooogdg
OO0ooDoo4o0oooooooooooog4goooodg

Ooooooooooooooooog
Oooooooooooogogoooog
Oooooooooooooooooodo
Ooooooooooooogogoooog
Oo0ooooooooooooooooo
Ooooooooooooooooog

O Oo0ooooogdg
Ooooooogodg
O Ooooooogdg
Ooooooogodg
O Ooooooogdg
Ooooooood
O o0ooooogdg
O 0o oooogdg
OO0 oooogdg
OO0 oooogdg
Oo0oooooogdg

O O ogoo
O 0Ooo0ooo

O

JP 2012-115269

oooooao

O

O 0Ooo0ooao
O Ooooo
O 0Oo0ooao
O Ooooo
O 0Oo0oo0oao
O 0Ooooo
OO oO0ooo
O Ooooo
O 0OoOooo
O 0Ooo0ooao
O 0Ooooo
O 0Ooo0ooao

O
O

O

O
O

O

O

O

|

O
|

OO0 Do ooogQgooDoooggogoo
Oo0oooT o0 ooooogogooo
OO0 oD oo oo4gogooDooogoggogoo
OoOo0ooooooooooogoQgooo
OO0 oDoooogoooDooogoggogogoo
OO0 ooooooooooooQgooo

2012.6.21

ooan

O

O

O

O
O

O
O

[ |

10

20

30

40

50



(17) JP 2012-115269 A 2012.6.21
OoooOooDoDoooooao
OoooOoooDoooooao
a.SELEX;KlugO S. ;FamulokO
s 19940 200 97-1070 0O O O
O ooono
Ooo0ooano

oo
OO0
All

Oo0o0o00oDoDoooDOoooooDoooDooao
0Oo0o0DDD0DO00O0O0O0o0oODoDDO000da-k.
wanted to know about SELEX._Mol.Biol _Report
Oo0oo00oDoDoooDoooDooDoooDooao
O

O

Iy s e e e ey e e s [y [ [y
e e e ey e e e [ e ) e e [ [ [
I sy e R ey e ey e ) s [ Ay

OO0 oooo4o0oooDooUogUoooDoDoogogoooog

OoooooooooooQgg
OO0 oooooooooogoggog

Oo0ooooo4Qodooooo4ogooooggogao
Oooooooo0ooooooooooogoggoao
Oooooo4o0ooooo4oooooooggoo

OoooooogoOooo
Ooooogogooao

O 0Oooo
O 0Oooo
O 0Ooo
O oOooo
O 0Ooo
O 0Oooo
O 0Ooo
O 0Oooo
O 0Oooo
O 0Oooo
O Oooo
O 0Oooo
O oOooo
O 0Oooo
O 0Oooo
O 0Ooo
O 0Oooo
O 0Ooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O oOooo
O 0Oooo
O 0Oooo
O 0Ooo
O oOooo
O 0Ooo
O 0Oooo
O 0Ooo
O 0Oooo
O 0Oooo
O o0Ooo

O

OooOoo0oooOod
OoOoo0oooogdg
OooOoo0ooood
Oooooogd
OOo0oooogd
OooooooQgod
OO0o0o0ooogd

O 0Ooo0ooao
O Ooooo
O 0Oo0ooOoao
O Ooooo
OO oO0ooog
O Ooooo
O OoOooo
O Ooooo
O OooOooo
O 0Ooooo
O Ooooo
O 0Ooo0ooao
O Ooooo
O 0Ooo0ooo
O Ooooo
O 0Oo0ooOoo
O Ooooo
O OoOooog
O Ooooo
O OooOooo
O Ooooo
O Ooooo
O Ooo0ooao
O Ooooo
O 0Ooo0ooao
O Ooooo
O 0Oo0ooOoao
O Ooooo
OO oOooo
O Ooooo
O 0OoOooo

O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O

O
O
O
O
OJ
O
OJ
O
O
O
O
O
O
O
O
O
O
OJ
O
O
O
O
O
O
O
O
O
O
OJ
O
OJ
O
O
O

O
O
O
O
O

O
O
O
O
O

O 0Ooo0oo0oo0oao
O 0Ooo0oooo
O 0Oo0oo0oo0oao
O 0Ooo0oooo
O O0Oo0oooao

O
O
O
O
OJ

O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O

O

O

O

[ o R |
[ i R |
[ i R |

O oOoooo
O 0Ooooo
O oOoooo
O Ooooo
O oOoooo
O oOoooo
O oOoo0ooao
O oOoooo
O 0Ooo0ooao
O oOoooo
O 0Ooo0oo0oao
O oOoooo
O 0Ooooo
O oOoooo
O 0Ooooo
O oOoooo
O 0Ooooo
OoOoo0ooao
O oOoooo
O 0Ooo0ooao
O oOoooo
O 0Ooo0oo0oao
O oOoooo
O 0Ooooo
O oOoooo
O 0Ooooo
O oOoooo
O Ooooo
O oOoooo

O0Ooo0oooao
O OooOoooao
O0Ooo0oooao
O Ooo0oooo
O0Ooo0oo0ooao
O Ooo0oooao
O0Ooo0oo0ooao
OOoo0oooao
O 0Oo0oo0ooao
O 0Ooo0oooaoo
O 0Oo0Oooo
O0Ooo0oooao
O 0Oo0Ooooo
O0Ooo0oooao
O OooOoooao
O0Ooo0oooao
O Ooo0oooao
O0Ooo0oo0ooao
O 0Ooo0oooao
O 0Oo0oo0ooao
O 0Ooo0oooao
O 0OoO0Oo0ooo
OOoo0oooao
O 0Oo0Oooo
O0Ooo0oooao
O OooOoooao
O0Ooo0oooao

DDDD;DD

O0Ooo0oooogod
O
O

O 0o o
O O o

O 0Oooo
O Oooo
O 0O o
[ Ry |
O 0O O

O Oooo
o R |
O OO
O OO

|

O

O Oooo
O O o
O O o

O Oooo
O O O
O OO

O 0Oooo
[ Ry |

O 0O oo
[ i R |
[ o R |
O OO
O O o

O

|

O Oooo
O Oooo
O Oooo

10

20

30

40

50



Iy e e e e ey e e e [ e s s [y

e s e e e e e ) e e o A
I s e ey
e s e e e e e e e e Y o A

OO0 ooooooooogogaog

OoooocooooooQgogoao

OooDoooogooooogogao

(18) JP 2012-115269 A 2012.6.21

OooDoooDooooooo
oooooDooooooao
OoDoooDooooooo
biological coregulator(
OoDoooDooooooo
OooooDooooooo

O Ooo0oooao
O 0Ooo0ooo0oao
O Ooo0oooao
O 0Ooo0ooO0oo0oao
O Ooo0oooo
O 0Oo0oooao
O Ooo0oooao
O O0Oo0oooao
O 0Ooo0oooao
O Ooo0oooao
O 0Ooo0oooao
O Ooo0oooao
O 0Ooo0oo0oo0oao
O Ooo0oooao
O 0Ooo0ooo0oao
O Ooo0oooo
O O0Oo0ooOoo0oao
O Ooo0oooo
O O0Oo0oooao
O 0Ooo0oooao
O O0Oo0oooao
O 0Ooo0oooao
O 0Ooo0oooao

OoooocooooooQgoogoao

O0Ooo0oooogod
O0Ooo0oo0ooao
O Ooo0oooao
O 0Oo0oo0ooao
O 0Ooo0oooao
O 0Oo0Oooo
OOoo0oooao
O 0Oo0Ooooao
O0Ooo0oooao
O OooOoooao
O0Ooo0oooao
O Ooo0oooo
O0Ooo0oo0ooao
O Ooo0oooao
O0Ooo0oo0ooao
OOoo0oooao
O 0Oo0oo0ooao
O 0Ooo0oooaoo
O 0Oo0Oooo
O0Ooo0oooao
O 0Oo0Ooooo
O0Ooo0oooao
O OooOoooao
O0Ooo0oooao
O Ooo0oooao
O0Ooo0oo0ooao
O 0Ooo0oooao
O 0Oo0oo0ooao
O 0Ooo0oooao
O 0OoO0Oo0ooo
OOoo0oooao
O 0Oo0Oooo
O0Ooo0oooao
O OooOoooao
O0Ooo0oooao

O O
O g
O O
O O
O O
O O
O O
O O
O O
O O
0O O
O O
O O
O O
O O
O O
O O
O O

O 0o oo
O Oooo
O 0o oo
O Oooo
I Y o [
O Oooo
O O oo
O 0o oo
O O ogo
O 0Oooo
O Oooo
O 0o oo
O Oooo
O 0o oo
O Oooo
O 0o oo

O

O

O

O

O

O

O

O

O

O

O

O

O

O

O

O

O

O

Oooooooooooogoggoooao
O 0Oo0oo0oo0oao
O Ooo0oooo
O 0Oo0oo0oo0oao
O O0Oo0oooo
O O o0ooOooao
O O0Oo0oooo
O Oo0Ooooo
O 0Oo0oooo
O Oo0oooao
O 0Oo0oooao
O Oo0oooo
O 0Oo0oo0ooao
O oOoooo
O 0Ooo0ooao
O oOoooo
O 0Ooo0ooao
O oOoooo
O 0OoOooo
O oOoooo
O Ooooo
O oOoooo
O Ooooo
O oOoooao
O oOoooo
O 0Ooo0ooao
O oOoooo
O 0Ooo0ooao
O oOoooo
O 0OoOooo
O oOoooo
O 0Ooooo
O oOoooo
O Ooooo
O oOoooo

O oOoooo
O oOoooo
O 0Ooo0ooao
O oOoooo
O 0Ooooo
O oOoooo
O 0Ooooo
O oOoooo
O Oooogoao
O oOoooao
O oOoooo
O oOoooao
O oOoooo
O 0Oooo0oao
O oOoooo
O 0Ooo0oo0oao
O oOoooo
O 0Ooooo
O oOoooo
O 0Oooogoao
O oOoooo
O oOoooo
O oOoooo
O oOoooo
O oOoooo
O oOoooo
O 0Ooo0ooao
O oOoooo
O 0Ooooo
O oOoooo
O 0Ooooo
O oOoooo
O Oooogoao

OoooooooooooooooooooooQgogdg
O oOoooao

Oo0Oo0ood
O o0Ooo0ooao
O oOoooo
O 0Ooo0ooao
O oOoooo
O 0Oooogoo
O oOoooo
O 0Ooooo
O o0oooo
O Ooooo
O oOoooo
O oOoooo
O o0Ooo0ooao
O oOoooo
O o0Ooo0ooao
O oOoooo
O 0Ooo0ooao
O oOoooo
O 0Ooooaog
O oOoooo
O Ooooao
O oOoooao
O Ooooao
O oOoo0ooo
O oOoooo
O o0Ooo0ooao
O oOoooo
O 0Ooo0ooao
O oOoooo
O 0Ooooo
O oOoooo
O 0Ooooog
O oOoooo
O Ooooo
O o0Ooo0ooo

O 0Ooo0oo0ooao
O OooOooo
O 0Ooo0ooo
O oOooo
O 0Oooo
O oOooo
O 0Ooo
O 0Ooo0gooo
O 0Ooo
O 0Oooo
O Ooogoo
O 0Oooo
O Ooogoo
O 0Ooo0ooo
O Ooogoo
O 0Ooo0ooo
O 0OooOgooo
OO oQgogog
O 0OooOgooo
O O ogogo
O 0Ooogoo
O Ooogoo
O 0Ooo0gooo
O Ooogoo
O 0Ooo0ooo
O Ooogoo
O 0Ooo0ooo
O 0OooOgooo
O O ogogog
O 0Ooo0gooo
O O ogogog
O 0OooOooo
O O ogoo
O 0Ooo0gooo

g goono g g g
Glen ResearchO Sterling vVAO OO O D OQODOOODODOOCOOOOODOO
ugdadg

oo
gogooobooooobbooobboooobooobobbooobobooooban

o0
OO
0o
oo
OO
rli

10

20

30

40

50



oo oooogogoo
Ooooogogaog

O

oo ooooogogoo
OO0 oooogogog
Ooooooogogoo

ction

O

e e e s e e e e

Iy s e e A ey s ey sy s [y

O Oo0oooao
O 0Ooo0oooao
O Ooo0oooao
O 0Oo0oo0ooao
O Ooo0oooao
O 0Ooo0ooo

O

OO0 ooDoooo oo ooo o oo oDoo oo oooo

O

OOoo0oooaog

O

OooooocOooOgao

O

Ooooogogao

O

OooooocOoogao

O

of Specific

O

OO0 oo ooo4Qo0 oo oDoo4o0o oo oDoogoggogoooao

OoooooooOodg
Oooooogdg
OOooOooood
OOooooog
OOoo0ooooo
OOooooog
O 0o ooodg
OOooooog
O O0Oo0oooodg
OOooooogdg
O Oooooodg
OOoo0ooood
O Ooo0oooodg
OoOooOooood
OOooooog
OOooOooood
OOooooog
OOooOooOoo0ooo
OOooooog
O 0O0o0oooodg
OOoo0oooogdg
O O0OoOoooodg
OOoooood
O Oooooog
OoOoooooQd
O Oooooog
OOooOooood
O Oooooog
OOoo0ooooo
OOooooog
O 0O0oOoooog
OOooooog
O 0O0oOoooodg
OOooooogdg
O Oooooodg
OOoo0ooood

O

Oooooooooooooogogoao
Oooooooooooogogg

Oooo0oooQgoo
Ooooooogogoo
Oooo0ooogoo
OoooooogQgoo
OooooogoQgogao
OoooooogogQgoao
Ooooogogoao
OoooooogoQgoo
Oooooggoao
Oooo0ooogoogoo
Ooooooggoao
Oooo0ooogoQgoo
Oooooogogoao
Oooo0oooogoo
OoooooogQgoo

O

O

O

O Ooo0ooao
O Ooooo

O Ooooo

O 0ooo
O Oooo
O 0O oo
O Oooo
O 0O oo
O Oooo
O Oooo
O 0Oooo
O Oooo
O 0Oooo
O Oooo
O 0Oooo
O Oooo
O 0ooo
O Oooo
O 0O oo
O Oooo
O 0o oo
O Oooo
O Oooo
O Oooo
O Oooo
O O0ooo
O Oooo
O 0ooo
O Oooo
O 0O oo
O Oooo
O O oo
O 0Oooo
O Oooo
O 0Oooo

O 0Ooo0ooo

Ooo0oooQgogoao

O

O 0Ooooo

OO0 ooogogaog
I B
OO0 oooogogog

O

Ooo0oo0ogao

O

O

O 0Ooooo

O O0Oogoao

OoooooQgogoo

O

O 0Ooooo

Ooooogogaog

O

O Ooogoao

OooooooOoogao
O Oo0ooooaog

O

O 0Ooo0ooo

O

O Ooogooo

OoooooOoogao

O

O Ooo0ooo

Oooooogogao

O

O Ooooo

(19)

OoooooOoogao

O

O 0Ooo0ooo

Oooooogogoao

O0Ooo0Ooood
OoOoooood
OO0Ooo0oooogod
OoooooQogogoo

O

O

0

Ooooogogaog

OoOoo0oood
OOoo0oooogod
OoOoo0oood
O0Ooo0oooogod
OooooocOooOgao

O

O

JP 2012-115269

O

O

OoOoooood
OooooocOoogao

O

Ooo0oooQgogoao

OoOoo0o0oogood

I B

0

FamulokO M. ;Szostak J.W.O In
Ligand Binding Nucleic AcidsO Angew.Chem.19920 1040
ew.Chem.Int.Ed.Engl.19920 310 979-988.0 O FamulokO M. ;SzostakO J.W.0O Selection o
T Functional RNA and DNA Molecules from Randomized Sequences Nucleic Acids and

Molecular Biologyd Vol 70 F.EcksteinO D_.M_J._.Lilleyd Eds.O 14 Springer Verlagl Be
rlind 19930 pp-271;Klugd S.0O Famulokd M.O All you wanted to know about SELEX;Mol
-Biol _.Reports 19940 200 97-107;and Burgstallerd P.0O Famulokd M.0O Synthetic riboz
ymes and the first deoxyribozyme;Angew.Chem.19950 1070 1303-13060 Angew.Chem.Int
-Ed_Engl.19950 340 1189-11920 0 0 0000 O0oOODDODDOOO0OOOOOODDODOOOOd

O Ooooo

LA R R
O Ooogoo

Ooooogogogao
OoooooogogQgoo
Ooooogogoao
OoooooogoQgoo
Ooooooggoao
Oooo0ooogoQgoo
OooooogQgoao
Oooo0ooogoQgoo
OoooooogQgoo
Oooooooogoo
OoooooogogQgoo
OO0 oooogoQgogao
OoooooogogoQgoo
OooooogoQgoao
Ooooooogogoo
Ooooooggoao
OoooooogoQgoo

O 0O O
[ Ry |

O 0Ooo0ooo

O Ooooao

Ooo0oo0ogao

O 0Ooooo

O O0Oogoao

O 0Ooooo

O Ooogoo

O 0Ooo0ooo

O Ooogooao

O 0Ooo0ooo

O Ooooo

O 0Ooo0ooo

O 0Ooooo

Ooo0oogao

A

2012.6.21

OOooooogod
Ooooooogogoao

0

Vitro
1001.0 Ang

O 0Ooooo

O O0Oogoo

O Ooooo

Ooooogogaog
OoOoo0oood

a
Sele

O Ooogoao
O 0Ooo0ooo

10

20

30

40

50



Iy e e e e ey e e e [ e s s [y
e e e ) e e e e e e A [ e s Y [
Iy s ey ey e R e s [ [y
ey e e e s ey e e e e e e s s [y

I ey e ey [y Iy
e e e e e e e e ) [ e [

Oooooooogogoooao
Ooooooogoggogoooao
Oooooooogoooao
Ooooooogoogogoooo
OO0 OooDooog4goooao
OO0 ooooooQooooao
OO0 ooDoooggoooao
Oooooooooooao
OO0 oooooggoooao
Oooooooogoooao
OO0 oooooggogoooao
Oooooooooooao
Ooooooogoggogoooao
Ooooooooogoooao
Ooooooogogogooooao
OoooooooOooOoooao
Ooooooogoogogoooao
OO0 ooDooggoooao
OooooooogoQogoooo
OO0 oooooggogoooao
Oooooooooooao
OO0 ooooogoggoooao
Oooooooogooooao
Ooooooogoggogoooao
Oooooooogogoooao
Ooooooogogogoooao
Oooooooogoooao
Ooooooogoogogoooo
OO0 ooDooog4goooao
OO0 ooooooQooooao
OO0 ooDoooggoooao
OoooooooQooooao
OO0 oooooggoooao
Oooooooooooao

O
O

OoOoo0oo0oood
OoOoooood
O0Ooo0oo0oood
OOoo0ooood
OO0 ooogod
OoOoo0ooood
O 0Oo0oooogod
OoOoo0ooood

Ooooocoooooooooooooogogoooao
Ooooooo0ooooooooooogoooao
OoooocooooooooooooogogoOoooao
OOoooooo0oooooooooooogoooao
OO0 oDoodUooDoDoo4dgooooodJgoooao
Ooooooo0ooooooooooogoooao
OO0 ooDoogdgoooDoDoo4ggooooogoooao
Oooooooooooooooooogogoooao
OO0oDoDooogooooo4ggooooogoooao
Oooooooooooooooooogoooao
OOo0ooDoo4o0ooooooooooogoooaog

O Oo0ogooo
O 0Ooo0oooo
O Ooo0goooo
O 0Oo0oooao
O Oo0oooo
O 0Oo0oo0ooao
O 0Ooo0oooo
O O0Oo0oo0ooao
O 0Oo0oooo
OO o0oooo
O 0Oo0oooo
O Oo0Qgooo
O 0Ooo0oooo
O Oo0gooo
O 0Oo0oo0ooo
O Ooo0oooo
O 0Oo0oooao
O 0Ooo0oooo
O 0Oo0oo0ooao
O 0Oo0oooo
O O o0OoOooo
O O0Oo0oooo
O Oo0gooo
O 0Ooo0oooo

Ooo0ooooo o0 oo oo o o0 oo ooogoQgoo
OO0 ooooo4o0 oo ooo o0 oooogoQgoo
Ooo0ooooo o0 oo ooooooooogogoo
OO0 oooooo0 oo ooo o0 oooogoQgoo
Ooo0oooooooooooooooooogooao
OO0 oooooo0 oo oo o0 oo oogoQgoo
e ) e e [ e sy Y Y
OO0 oooooo0 oo oo o0 oo oogQgoo
OO0 Do ooo4Qo0 oo oo ooDooggoao
OO0 oooooo0 oo ooo o0 oo oogoQgoo
OO0 Do ooo4Qo0 oo oogog Qo0 oooogogoao
OO0 oooooo0 oo oo o o0 oo ooogoQgoo
OO0 oDOooooo0oooDooo Qo0 oooogogoao
Ooo0oooooo o0 oo ooo o ooooogogoQgoo
OO0 oooooo0 oo ooo o0 ooDoogogoo
Ooo0oooooo0ooooooooooogoogoo
OO0 oooooo0 oo oo o0 oo oogoQgooo
e e A e e e R sy Y O
OO0 oooooo0 oo oo o0 oo oogoQgoo
e ) e e e sy [ A Y
OO0 oooooo0 oo ooo o0 ooDoogoQgoo
OO0 oDOoooo4Qo0ooDoooo Qoo oDooggoao
Ooo0oooooo o0 oo oo o o0 oo ooogoQgoo

(20)

JP 2012-115269

ooooDDbD0Oano

2012.6.21

oooao

O Oo0ogooo
O 0Oo0oooo

10

20

30

40

50



Iy e e e e ey e e e [ e s s [y
e e e ) e e e e e e A [ e s Y [
Iy s ey ey e R e s [ [y
ey e e e s ey e e e e e e s s [y
Iy e [ [y
ey e e e e ey e e e e e s ) [y

Oooooooodg
Ooooooogdg
Oooooooodg
Oooooooogdg
OO0 ooooogg
Oooooooogg
OO0 oooogg
Oooooooogdg
O oOooooogdg
Oooooooogdg
OOooooogdg
OoooooooQgodg
Ooooooogdg
Oooooooodg
Ooooooogdg
Oooooooodg
Oooooooogg
OO0 oooogdg
Oooooooogdg
OO0 oooogg
Oooooooogdg
Oooooogg
Oooooooogodg
Ooooooogdg
Oooooooodg
Oooooooogdg
Oooooooodg
Oooooooogdg
OO0 ooooogg
Oooooooogg
OO0 ooooggdg
Oooooooogodg
O oOooooogdg
Oooooooogodg

O O0ooo
O Oooo
O 0Ooo
O oOooo
O Ooo
O 0Oooo
O 0Ooo
O 0Oooo
O Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O Oooo
O 0Ooo
O oOooo
O 0Ooo
O 0Oooo
OO oo

O0Ooo0oo0ooao
O0Ooo0oooao
O0Oo0Oo0ooao
O0Ooo0oooao
O 0Oo0Oo0ooo
O0Ooo0oooao
O 0Oo0oooao
O0Ooo0oooaoo
OOoo0ooogoaog
O0Ooo0oo0ooao
O Oooooaog
O0Ooo0oo0ooao
O0Ooo0oooao
O0Oo0Oo0ooao
OOoo0oooao
O0Oo0oo0ooao
O0Ooo0oooao
O0Oo0oooo
OOoo0oooaoo
O 0OoO0ooogoaog
O0Ooo0oooao

O Ooo0ooooao
O O0Oo0ooooaog
O Ooo0oo0oooao
OOoo0ooooaog
O O0Oo0ooooog

OooOooooogoogao
OoooogogaoQg
N Y Iy
Oooooogogao
OO0 oooogogaog
Ooooooogogo
Oo0ooogogaog
Ooooooogogo
OoOoooogogoQg
Ooooooogoogao
OoooogogaoQg
Ooooooogoogao
Ooooogogao
OooOoo0ooooogao
Oooooogogo

Ooooocooooooao
Ooooooogogooooaog
OOoooocooooooao
Ooooooogoooooaog
OO0 ooDoogQgooooaog
Oooooooooooaog
OO0 ooDoogooooaog
Oooooooooooao
Oooooogooooaog
Ooooocooooooao
Oooooogogooooaog
Ooooocooooooao
Oooooogogooooaog
Ooooocooooooao
Oooooooooooaog
OOooooooooooao
Ooooooogoooooaog
OO0 ooDoogooooaog
Oooooooooooaog
OO0 oooogooooaog
Oooooooooooao
Oooooogooooaog
Oooooooooooao
Oooooogogooooaog
Ooooocooooooao
Oooooogogooooaog
OOoooocooooooao
Ooooooogoooooaog
OO0 oDoDoogogoooaog
Oooooooooooaog
OO0 ooDoogooooaog
Oooooooooooao

OoOoo0oooo
O0Ooo0oooog
OoOoo0oooao
O0Oooooog
OOoo0oooao
O0Ooo0oooog
O0Ooo0Oooao
OoOoo0oooaog
O0Ooo0Oo0ooao
OoOoo0oooaog
O0Ooo0Oo0ooao.o
OOoo0oooo
O0Oo0oooog
OoOoo0oooQo
O0Ooo0oooog
I o B
O0Ooo0oooaog
O0Ooo0oooao
OOoo0oooog
O0Ooo0oooao
OOoo0oooaog
O0Ooo0Oo0ooao
OoOoo0oooog
OO0Oo0oooog
OoOoo0oooo
O0Ooo0oooog
OOoo0oooao
O0Oooooog
O0Ooo0oooao

(21)

O0Ooo0ooood
OoOoooood
OO0Ooo0ooood
OOoooood
OOoooood
OoOoo0ooood
O0Ooo0ooood
OoOoo0ooood
OOoo0ooood
OoOoo0ooood
OOoooood
Oo0Ooo0oo0oood
OoOoooood
OO0Oo0ooood
OoOoooood
O0OooOooood
OoOoo0ooood
OO0Ooo0ooood
OoOoo0ooood

O
O
O
O

O Ooooao
O Ooo0ooo
O Ooooo
O Ooo0ooao
O Ooooao
O 0Ooo0ooOoao
O Ooooo
O O oOgooao
O Ooooo
O OoOooo
O Ooooo
O OooOooo
O Ooo0ooao

JP 2012-115269

O
O
O
O
O
O
O

O
O
O
O
O

2012.6.21

OO0 ooooogogogooao
Ooooooooogoooao

10

20

30

40

50



Iy e e e e ey e e e [ e s s [y
e e e ) e e e e e e A [ e s Y [
Iy s ey ey e R e s [ [y
ey e e e s ey e e e e e e s s [y
Iy e [ [y
ey e e e e ey e e e e e s ) [y

OooooooQgogoo
Ooooooogogoo
Oooooooogogoao
oo oooogoo
OO0 oooogogaog
OooooooQgoo
OO0 oooogogo
OooooooQgogoo
Oooooogogo
OooooooQgoo
Oooooogogoo
OooooooQgogoao
Ooooooogogoo
OooooooQgogoao
OooooooQgogoo
Oooooooogoogoao
OooooooQgogoo
OO0 oooogogao
oo ooooQgogoo
OO0 oooogogo
OooooooQgoo
Oooooogogoao
OooooooQgoao
Ooooooogogoao
OooooooQgogoo
Ooooooogogoo
Oooooooogogoao
oo oooogoo
OO0 oooogogaog
OooooooQgoo
OO0 oooogogo
OooooooQgogoo
Oooooogogo
OooooooQgoo

O Ooo0ooo
O Ooooo
O OooOooao
O Ooooo
OO oOooo
O Ooooo
O OoOooog
O Ooooo
O OooOooo
O Ooooo
O Ooooo

Oooo0oooogoo
Ooooooogoggoo
Oooo0oooogoo
OoooooogogQgoao
OO0 oooogogogao
Ooooooogoo
Oooooogoggogao
OoooooooQgoo
Ooooooggogao
Oooo0oooQgoo
Ooooooggoao

Ooooooooooooao
OoooooogoQgoooo
OooooooogooOoooao
OoooooogooQooooo
OO0 OooDooogog4goooao
OoooooogogQooooo
OO0 ooDooog4Qgoooao
OooooooooQooooao
OO0 oooooggoooao
Oooooooogogoooao
OoDooooogQgoooao
Oooooooogogoooao
Ooooooogoggoooao
OooooooooOoooao
OoooooogoQgoooao
OooooooogooOoooao
OoooooogoQooooao
OO0 oOooDoog4Qgoooao
OoooooogogQooooo
OO0 ooDooogQgoooao
Oooooooogooooao

OooooooQgogoo
Ooooooogogogoo
OooooooQgooo
Ooooooogogoo
OO0 oooogogogao
OooooooQgoo
OoDoooogogogao
OooooooQgoo
Oo0oooooggogao
OooooooQgoo
Ooooooogogogao
OooooooQgoo
Ooooooogoggogoo
Oooooooogoo
Ooooooogogoo
OooooooOogoo
OooooooQgogoo
OoDoooogogogao
OooooooQgoo
Ooooooggogo

O 0Oooo

OooooooOgodg
Ooooooogdg
Oooooooodg
Oooooogdg
Oooooooodg
Ooooooogdg
OO0 oooogdg
Oooooooogdg
O Oooooogdg
Oooooooogdg
OOooooogdg
OoooooooOodg
Oooooogdg
OoooooooOodg
Ooooooogdg
Oooooooodg
Oooooogdg
OO0 ooooggdg
Oooooooogdg
OO0 oooogdg
Oooooooogdg
OO0 oooogdg
Oooooooogodg

O Oooo

(22)

O 0Oooo

O Oooo

O 0ooo

O Oooo

O o0ood

O 0Oooo

O 0Oooo

O Oooo

Ooo0oooQooao
Oo0ooogQgogao
Ooo0oooOoogoao
OoOoooogoQgogao
OooOooooOoogoao
Oo0ooogoQgogao
OooOoooOoogoao
Ooo0ooogoQgogoao
Oo0oooogoQgogao
Oo0ooogoQgogoao
Oo0ooogQgogao
Ooo0oooQgogoao
OoOoo0ooogQgogao
Ooo0oooQgogoao

O Oooo

OO0 oooooogogoo
oo oooooogoogoo
OO0 oooooogogoo
oo oooooogoogoo
oo oooooogogoo
Ooooooooogoogoo
oo oooooogogoo
OO0 ooooogogogao
oo oooooogogoo
OO0 ooooogogogo
oo oooooogogoo
OO0 oooooogogoo
oo oooooogoogoo

JP 2012-115269

O 0Oooo
O Oooo
O 0Oooo
O Oooo
O 0Oooo
O Oooo
O 0O oo

O 0Oooo

2012.6.21

O O oo

O 0Oooo

O Oooo

O 0Oooo

10

20

30

40

50



Ooooooo0oooooo0DooDoooooDoooogoogooao

OO0 oDooooo0 oo ooo o0 oo oogQgoo
OO0 Do ooo4Qo0ooDoogg Qoo oogQgoao
OO0 ooooo o0 oo ooo o0 oo oogoQgoo
OO0 o0DOoOooo4Qo0ooDoogog Qoo oooggoao
Ooo0ooooo o0 oo oo o o0 oo ooogoQgoo

OO0 ooooogogog
OooooooQgogoo
Ooooooogogoo

OO0 ooo40ooooooUDoDoDooUgUoDoDooggooao

O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O O0ooo
O Oooo
O 0Ooo
O oOooo
O Ooo
O 0Oooo
O 0Ooo
O 0Oooo
O Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O Oooo
O 0Ooo
O oOooo
O 0Ooo
O 0Oooo
OO oo
O 0Oooo
O Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O O0ooo
O 0Oooo
O 0Ooo
O oOooo
O 0Ooo
O 0Oooo
O 0Ooo
O 0Oooo
O Oooo
O 0Oooo

OOo0oooooooooooooooogooao
OO0 o0ooDoogogooooogogooooogogoao
OOo0ooooooooooooooooogogooao
OOo0ooDoooooooooooooogogogoao

Oo0ooogQgoooao
Oo0ooooOooooaoo
Oo0oooogoQgoooao
OoO0oooogooOoooaoo
Oo0ooooQgoooao
OO0 oDoog4Qgoooao
Oo0ooooQogoooaoo
OO0 oDoogQgoooao
Oo0oooooOooooaoo
OOo0oooggoooao

OO0 oooooooooodg
OO0 oooooQgoooodg
Oo0oooooooooood
OO0 oooooQogoooog
OO0 0DooDoogQgooood
OO0 oooooQgooooog
OO0 oo oDoogQgooood
oo oooooooooog
OO0 oo oDoogo4Qgoooodg
OO0 oooooooooodg
OO0 oooooQgoooodg
OO0 oooooooooodg
OO0 ooooogoooodg
Oo0oooooooooood
OO0 oooooQgoooodg
Ooooooooooood
OO0 ooooogogoooodg

O 0Oooo
O Oooo
O 0ooo
O Oooo
OO oo
O 0Oooo
O 0Oooo
O 0Oooo
O Oooo
O 0Oooo
O Oooo
O 0Oooo
O Oooo
O 0ooo
O 0Oooo
O 0Ooo
O Oooo
O Oooo
O 0Oooo
O Oooo
O 0Oooo
O Oooo
O 0Oooo
O Oooo
O 0Oooo
O Oooo
O 0ooo
O Oooo
O 0O oo
O 0Oooo

OooOoo0oooOoogoao
Oo0oooQgoao
OO0o0ooogoQgogao
Oo0oooQgogoao
OOo0o0ooogoQgogao
Ooo0oooQgogoao
Oo0o0ooogoQgogao
Ooo0oooQoogoao
Oo0ooogoQgogao
Ooo0ooooOoogoao
OoooooQgogoao
OooOoo0ooOoogoao
Ooo0oooQgogoao
OooOooooOoogoao
Oo0oooQgoao
OO0o0ooogo-gogao
Ooo0oooQgogoao
Oo0oooogogogao
Ooo0oooQoogoao
OoOoooogoQgogao
Ooo0oooOoogoao
Oo0ooogogao
Ooo0ooooOoogoao
Ooo0oooQgogoao
OooOoo0oooOoogoao
Oo0oooQgoao
OO0o0ooogo-gogaog
Oo0oooQgogoao
OOo0ooogo-gogao
Ooo0oooQgogoao
Oo0o0ooogoQgogao
Ooo0oooQgogoao

]

O O

Ooo0Oo0ooodg

Oo0oooogogQgoooao
Oo0oooogogoooaoo
Oo0oooogogQgoooao
Oo0ooooOooooaoo
Oo0oooogogogoooao
OoO0o0ooo0gooooaobo
Oo0oooogoQgoooao
OO0 ooogQgoooao

OooOoo0oooQgodg

(23)

OO0 oDooogog4gooood
Ooooooooooodg
OoDoDooogogQgooood
Oooooooooood
Oooooogogogogooood
Oooooooooood
Oooooogoogooood
Oooooooooood
OoooooQgooood
Oooooooooood
OooooooQoooood
OO0 oDooogog4Qgooood
Ooooooogooood
OO0 oDooogog4Qgooood
Ooooooooooodg
OooooogogQgooood
Oooooooooood

O O

OO0 oooggoooao
Oo0ooooogogoooao
Oo0ooogQgoooao
Oo0ooooOoOooooaoo
Oo0ooooggoooao
Oo0ooooOooooaoo
Oo0oooogogQgoooao
OoO0oooogooOoooaoo
Oo0ooooQgoooao
OO0 oDoog4Qgoooao
Oo0ooooQogoooaoo
OO0 oDooggoooao
Oo0ooooogoooaoo
OOo0oooggoooao
Oo0oooooOooooaoo

JP 2012-115269

2012.6.21

O
O
O
O

10

20

30

40

50



e e e ) e I
OoOooooooooooo0 oo oooHoDoD oo o0DoDoooo0oDoDooogogogooao
s e e e ey [ I A

Oo0ooooooooooooooaoo

I e e e e e e e e ey Iy o
Ooooooooooogogogooooao

O
O |g
O

ooao

O
O

(24) JP 2012-115269 A 2012.6.21

goooooooboboogooboboogao
exociteD D OO O0O0OOOOOODODO
gugobobooooboooobooogdo
ooocoobobooooooooooooao
gooooooao

O 0Ooo0ooo
O Ooooo
O 0Ooo0ooo
O 0Ooooo
OO ogoao
O 0Ooooo
O O0Oogoao
O 0Ooooo
O Ooogoo
O 0Ooo0ooo
O Ooogoo
O Ooo0ooo
O Ooogooo
O 0Ooo0ooo
O Ooooo
O 0Ooo0ooo

OoOoo0oood
OoOoooood
O0Ooo0Ooood
OoOoo0ooood
OO0Oo0oooogod
OOoooood
O0Ooo0oooogod
OOoo0oood
O0Ooo0oooogod
O 0Ooo0oooao
O Ooo0oooao
O 0Ooo0oo0oo0oao
O Ooo0oooao
O 0Ooo0ooo0oao
O Ooo0oooao
O 0Ooo0ooOoo0oao
O Ooo0oooao
O Oo0oooaog
O 0Ooo0oooao
O Ooo0oooao
O Ooo0oooao
O Ooo0oooao
O 0Ooo0ooo0oao
O Ooo0oooao
O 0Ooo0ooo0oao
O Ooo0oooao
O 0Ooo0ooOoo0oao
O Ooo0oooao
O 0OoO0ooogoao
O Ooo0oooao
O O0Oo0ooogoaog
O Ooo0oooao
O OooOoooao
O 0Ooo0oooao

gooao gooobooooboboooobobooooobooooboboboooao
utooboooooboooobobooooobooooobooooobooogao
ooocooboboooooooooobobbooooooooobobobobooooooao
co-aptamers U 0 0D 0000000 O0OO0OODODODOOODDODODOOODODOOOO
gooobooooobboooobbood

oo

Oooooooooooogogooao
O

Ooooooooooooooooodg

O

OO0 ooooooooooQgdg
OO0 oDooooooooogg
Oo0oooooooooogdg
OO0 oooooooooogg
OO0 oDooogooooooogdg
OoooooooooooQgdg
OO0 oDooogogogoooogdg
OooooooooooQgdg
OoDoDoooogooooogdg
OooooooooooQgdg
OoDooooogoooogdg
OooooooooooQgodg
Oooooooooooogdg
OooooooooooQgodg
Oooooooooooogdg
Ooooooooooogodg
Oooooooooooogdg
OO0 oDooogoogoooooogdg
OoooooooooooQgdg
OoDoDooogoogooooogdg
OoooooooooooQgdg
Ooooooooooogdg
OooooooooooQgodg
Oooooooooooogdg
OooooooooooQgodg
Ooooooooooogdg
OooooooooooQgodg
OoooooooooooQgdg
OO0 oDooo4oooooogdg
OoooooooooooQgdg
OO0 oDooogogoooogdg
OoooooooooooQgdg
OoDoDoooogooooogdg
OooooooooooQgdg

0Oo0o000o0oDoDo0ooo0DO0oo0DoDUo0ooDODO0o0Do0DooDU0ooDoDooDoDooODO0oOoODOaOo
0 0 O HeydukO T.and HeydukO E.Molecular beacons for detecting DNA bindin

g proteins.Nature Biotechnologyd 200 171-1760 200200 HeydukO E.0O KnollO E.O and H
eyduk T.Molecular beacons for detecting DNA binding proteins: mechanism of acti
ond Analyt.Biochem.3160 1-100 20030 0 0 0 0D 00 O0DOO0ODO0DODODODOODODODODODDOO
00000000000 oo0o0ooo0ooDUooo0DO0oo0DooDUooDUOooOoDoOoDoDoOooDoOoao
00000000000 oo0o0o0Do0ooDO0oDo0DO0o00Do0ooDU0oDDOooDOoDO0oo0DoDoOoDoOOoOaO
Oooooo

Oooooo

00000000000 oo0o0oDo0ooDU0oo0DO0oo0o0ooDUooOoDooDoDOooDoDoOooDoOoaOo

10

20

30

40

50



OooooooooooQgogoao

O

oggao

OO0 ooooooooogogaog

Oooooooooooodg
OO0 oooogogogogoooogodg

ud

oooao

ggao
oggao
ooao

bind

OoOoo0oood
OOoooood
OoOoo0oood
OOoooood
OO0Ooo0oooogod
OoOoooood
O0Oooooogod
OoOoo0oood
O0Ooo0oooogod
OoOoo0oood
OOoo0oooogod
OoOoo0oood
OOooooogod
OoOoo0Ooood
OooOoooood
O0Ooo0Ooood
OoOoooood
OO0Ooo0oooogod
OoOoooood
OOooooogod
OoOoo0oood
OOoo0oooogod
OoOoo0oood
O0Ooo0oooogod
OoOoo0oood
OoOoooood
OoOoo0oood
OOoooood
OO0Ooo0oooogod
OoOoooood
OOooooogod
OoOoo0oood

Ooooooogogooooogodg
O o0Ooo

Ooooooooooooodg

ugdaag

oo

HeydukDO

O O o
[ Ry
O o0Oooo
O 0Ooo
O OO

gad O

g
t
0

O

g
a
O

(25)

goooooooao
goooooooan

0
O

g
a

JP 2012-115269 A 2012.6.21

O0Ooo0oooogod
OoOoo0oood

gooboooooboooobao
goobooooooooooooban

oooocoooboobooooooocobbobooooooao
Heyduk and HeydukO 20020 0 00 OO OO0OOOO0O0O0DOO

Knoll HeydukO 20030 0 0 0000 O0O0D0ODOODODOOOODODO

0000000000000 O0OD00DO0ODO0OO0DOODNOODOHeydukd E. ;Fed
Y. ;Heydukd T.Combinatorial Chemistry and High-throughput Screening 20030 60 18
3-1940 0000000000 DDOD0OD0D0D0D0D0DD0DO0ODODDODO0DU0DO0DUO0Oo0DOoDoDoDoODoOoOoOO™

goooooooboboood

000000000 oDUooo0DO0oU0DooDo0ooo0DO0o0Do0ooDUooDoDOooDoDooDoOoao
0000000000000 o0D0Do0oDo0Do0DO0oDO0D0DO0Do0DDU0ODoDOoDO0OoODOoDOoODoDOoDoDaO
EllingtonOd A.D.0 and Szostakd J.W.In vitro selection of RNA molecules that
specific ligands.Nature 3460 818-8220 19900 TuerkO C.0O and GoldO L.Systema

tic evolution of ligands by exponential enrichment: RNA ligands to bacteriophage

T4 DNA polymerase.Science 2490 505-5100 19900 GoldO L.O Poliskyd B.0O Uhlenbeck
Oligonucleotide Function.Ann.Rev.Biochem.640 763-797
SzostakO J.W_In vitro selection of functional nuclei
611-6470 19900 D 00D 0 D0DO0ODOODDODODDODODOODODOO

O Ooooo od

)

oo ooooooooocooogooooo
OO0 oDoooo4Qoooobogoggoooao
oo ooooooooiomooogoQgoo
OO0 ooooogogooioooggogoo
OoooooocooooiomoooQgogoo

OO0 ooooogogog
Ooooooooogoogo
OO0 ooooogogooQg
Ooooooooogoogoo
oo ooooogogoog
OO0 ooooogogog
oo ooooogogoQg
OO0 ooooogogog
oo oooooogogooQg
OO0 ooooogogog
oo oooooogoogoo
OO0 ooooogogog
Ooooooooogoogo
OO0 ooooogogoQg
Ooooooooogoogoo
OO0 ooooogogoog
OoooooooogooOgoo
oo ooooogogoQg
OO0 ooooogogog
oo ooooogogoog
OO0 ooooogogog
oo oooooogogoQg
OO0 ooooogogog
oo oooooogogooQg
OO0 ooooogogoQg
Ooooooooogoogo
OO0 ooooogogooQg
Ooooooooogoogoo
oo ooooogogoog
OO0 ooooogogog
oo ooooogogoQg
OO0 ooooogogog
oo oooooogogog
OO0 ooooogogog
oo oooooogoogoo

0.& YarusOd M.Diversity of
19950 O O O WillsonD D.S.&
acids.Ann.Rev.Biochem.680

0
U
g
U

-
=~

00
00
00
00
and

O
O

oood
Oood
ooo
ooo
GoldOd
0ooo

O oOoooo
O

ooooao
goooao
goooano
goooano
1990;Gold
goooao

O
O
O
OJ
O

0
g
g
U

O
g
a
u

ooocoobooao
goooooooao
goooooooban
gooooooban

et aliad 19950 Wilson
Ooooooooooao

O
O

O
O
O
O
O
O
O
O
O

O
0
O
4

O
g
a
u

and

O

O

0oDoooDoooooDoooDoo
oooooDoooooooooao
0o0Do0ooDoooooDooooo
Ellington and SzostakO 1990;Tu
Szostak[ 19990 0 O 0 OO OO

0o0oooDoooooooooao

10

20

30

40

50



(26) JP 2012-115269 A 2012.6.21

0oo0oo0ooU0ooDooo0ooDo0oooDUooDoDO0o0Do0ooDU0ooDDoDoOooDoDooDooDoOoaO
gooooao

I I e T A I R A 6 O N O N O B A W A B R R MO
goooooooobobobuoo bbb booo bbb bboboUobbooobao
0000000000000 0DU0O0DO0DO0OO00DO0ODO0OD0OODOBockO L.C.OGriffind L.C
-0 LathamOd J.A.0O VermassO E.H.0O and Tooled J.J.Selection of single-stranded DNA
molecules that bind and inhibit humanthrombin Nature 3550 564-5660 19920 0O 0O
0 TassetO D.M.0O KubikO M.F.O and Steinerd W.Oligonucleotide inhibitors of humant
hrombinthat bind distinct epitopesd J.Mol.Biol.2720 688-980 19970 0 0D O O O O O

gooobooooooboooooobooboooooobboooobboooooooooboobooooao
OCOO0O0OO0O0ODODODOOheparinexositeD 00000000 OD0OO0OODOOOCOODOD
ooooObobooooooooobbooooooooobbooboooooobbooood
gogooooooobobooooobooboooooboboooobbooooboboooooboboogoao
ugogobobobodooobooooobobooooobboooobbooooboooooboboogao
ooooOobobooooooooobboboooooooobboOoooooooobboooodd
goooboooooboboooobooboooobbooobboooobobooooboboogao
gooboooooooboooooboobooooobboooobbooooobooooobobooogaao
ooooObOobOoo0oooooooobboboooooooobboOooboooooooboboooodd
gooooogooobooooobobooooobDbr oobr oooobobooooboboogao
oggoao

oooooao
ooooObobooooooooobbooooooooobbooboooooobbooood
goooboooooboboooobooboooobbooobboooobobooooboboogao
ugogobobobodooobooooobobooooobboooobbooooboooooboboogao
ooooObOoOO0oooooocoobboboooooooobboOoooooooobboooodd
gooooogooobooogoobooboooobobooobbooobobooobboogao
gooboooooooboooooboobooooobboooobbooooobooooobobooogaao
ooooobobooooggbboooooooobobboboooooocoobbobobooooonnb
O Bock 19920 Tasset 19970 0 00000000 OCODDODOOOOOOODODDDOOOOO
gogoobooooooboboooooboobooooobboooobbooooboobooooobobooogoano
ugogobobobodooobooooobobooooobboooobbooooboooooboboogao
ooooOboOoo0oooooooobbooooooooobboooooooobboooodd
goooboooooboboooobooboooobbooobboooobobooooboboogao
gogboboboooobobooooobobooooooboooooboobooado

oooooao
gooooogooobooooobobooooobobooobbooobobobooooboboogao
gooobooooooboooooobooboooooobboooobboooooooooboobooooao
ooooOobobooooooooooboboboooooooobbbOoooooooobobooooo
ooooObobooooooooobbooooooooobbooboooooobbooood
gooooooooboooooobooooobobooobbooooboboooooboboogoao
ugogobobobodooobooooobobooooobboooobbooooboooooboboogao
ooooObOoOO0oooooocoobboboooooooobboOoooooooobboooodd
gooobooooooboboooobobooooobobooobboooobobooooboboogoao
gooboooooooboooooboobooooobboooobbooooobooooobobooogaao
oooobobooooooocooboboboooooooobbbOooboooooobobooood
gooooogooobooooobobooooobobooobbooobobobooooboboogao
od

guooooaad
ooooObobooooooooobbooooooooobbooboooooobbooood
goooOboboooooooO0b00000000O0O0DbObOO00O0O0O0ooooObODbOO0OO00n



Iy e e e e ey e e e [ e s s [y
e e e ) e e e e e e A [ e s Y [
Iy s ey ey e R e s [ [y
ey e e e s ey e e e e e e s s [y
Iy e [ [y
ey e e e e ey e e e e e s ) [y

Oooooooooooooogogoooao
Oo0oooooo0ooooogogogogoooo
Ooooooooooooooogoooaoo
Oo0oooooo0ooooogoooooo
OO0 Do oogog4gogooDooggoooao
Oo0ooooooooooogoogoooo
OO0 Do oogog4Qo0ooDooggoooao
Oo0oooooo0oooooogogooooo
OO0 Do ooo4Qo0ooDooggogoooo
Ooooooo o oooooogoooooo
OO0 ooooo4o0oooogoggogoooo
Oooooooooooooogogoooao
OO0 oooooo0ooooogoggogoooo
Ooooooooooooooogogoooaoo
Oo0oooooo0ooooogogogoooao
Oo0ooooooooooooogogoooaoo
Oo0ooDoooo0ooooogoogogoooo
OO0 Do oogog4ggooDooggoooao
Oo0ooDoooo0oooooogogoooo
OO0 Do ooogo4o0oooDooggoooao
Oo0oooooo0oooooogogooooo
OO0 oDoooo4o0oooooggoooo
Oooooooooooooooooo
OO0 ooooo4o0ooooogoggogoooo
Oooooooooooooogogoooao
OO0 oooooo0ooooogogogogoooo
Ooooooooooooooogoooaoo
Oo0oooooo0ooooogoooooo
OO0 Do oogog Qoo oDooggoooao
Oo0ooooooooooogoogoooo
OO0 Do oogo4Qo0oooDooggoooao
Oo0oooooooooooogooooo
OO0 Do ooo4Qo0ooDooggogoooo
Oooooooooooooogoooo

OoOoo0oood
OOoooood
OoOoo0oood
OOoooood
OO0Ooo0oooogod
OoOoooood
O0Oooooogod
OoOoo0oood
O0Ooo0oooogod
OoOoo0oood
OOoo0oooogod

OoooooooooooooQgodg
Oo0oooooooooooogdg
Ooooooooooooooogodg
OO0 oooooooooooogdg

OoOoo0ooood
OOoo0oooogod
Oo0Ooo0oood
OoOoo0oooogod
OO0Oo0oooogd
OoOoooood
O0Ooo0oooogod
OOoo0ooood
O0Ooo0oooogd
OoOoo0ooood
OOoo0oooogd
OoOoo0oood
OOoo0oooogod

Oo0DoDoo4ooooogoQgogao
Ooooooooooogogoao
OoDoDoo4ooooogogogao
Ooooooooooogoogoao
OooDooooooogogogao
Ooooooooooogogogoao
Ooooooooooogogoao
Ooooooooooooogoao
Ooooooooooogogoao
Ooooooooooooogoao
Ooooooooooogogogogoao
Ooooooooooooogooao
OoooooooooogogoQgoao
OoDoDoo4goooooogogogao
OoooooooooogogQgoao
OooDoooooooogogogao
Ooooooooooogogogoao
OooDoooooooogogoao
Ooooooooooogoogogoao
Oo0oooooooooogogoao
Ooooooooooooogooao
Ooooooooooogogoao
Ooooooooooooogooao
OoooooooooogoQgoao
Oo0DoDoo4o0ooooogoQgogao
Ooooooooooogogoao
OoDoDooooooogogogoao
Ooooooooooogogogoao
OooDooooooogogogao
Ooooooooooogogogoao

O 0Ooo0oo0oo0oao
O Ooo0oooao
O 0Ooo0ooo0oao
O Ooo0oooo
O O0Oo0ooOoo0oao
O Ooo0oooo
O O0Oo0oooao
O 0Ooo0oooao
O O0Oo0oooao
O 0Ooo0oooao
O Ooo0oooao
O 0Ooo0oooao
O Ooo0oooao
O 0Ooo0ooo0oao
O Ooo0oooao
O 0Ooo0ooO0oo0oao
O Ooo0oooo
O O0Oo0oooao
O Ooo0oooao
O 0Oo0oooao
O 0Ooo0oooao
O Ooo0oooao
O 0Ooo0oooao

27)

O 0Ooo0oo0oo0oao
O Ooo0oooao
O 0Oo0oo0oo0oao
O Ooo0oooao
O Oo0ooogoao
O Ooo0oooao
O OoOoooao
O Ooo0oooao
O Ooo0oooao
O 0Ooo0ooo0oao
O Ooo0oooao
O 0Ooo0ooo0oao
O Ooo0oooao
O 0Ooo0ooOoo0oao
O Ooo0oooao
O 0OoO0ooogoao
O Ooo0oooao
O O0Oo0ooogoaog
O Ooo0oooao
O Ooo0oooao
O Ooo0oooao

JP 2012-115269

2012.6.21

10

20

30

40

50



O O0ooo
O Oooo
O 0Ooo
O oOooo
O Ooo
O 0Oooo
O 0Ooo
O 0Oooo
O Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O Oooo
O 0Ooo
O oOooo
O 0Ooo
O 0Oooo
OO oo
O 0Oooo
O Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O O0ooo

O0Ooo0oo0ooao

Ooooooo0oooooo0oooDooooooooodg
Ooooooo0oooooo0oooDooooooooodg
Oo0oooo4odooooo4ooooDooog4oooooogodg

ooo0ooogo v

OO0 oDooooooooogg

Oooooooooooogdg

OO0 oooooooooogg

OO0 Do oogogooooogg

OO0 oooooooooogg

OO0 oDooogog4gogooooggdg

O 0Oooo
O oOooo
O 0Oooo

o o0Oo0ogoOooo

O 0Ooo0oooo

O 0Oooo
O 0Oooo
O 0Oooo
O oOooo
O o0Oooo

OO0 oo oDogoggogoooogg
OO0 ooooooooooQgg
OO0 ooooogoogooooogg
OO0 ooooooooooQgg
OO0 ooooogoooooogg
oo oooooooooogodg
OO0 oooooooooogg
Oo0oooooooooooQgdg
OO0 oooooooooogg
OO0 0o oogoggogoooogg
OO0 oDoooooooooQg-g
OO0 oo oogoggogoooogdg
OO0 ooooooooooQgg
OO0 Oooooogo4gogoooogg
OO0 ooooooooooQgng
OO0 ooooogo4ooooogg
OO0 ooooooooooQgg
OO0 oDooooooooogg
Oooooooooooogdg
OO0 oooooooooogg
OO0 0o oogogoooooggdg
OO0 oooooooooogg
OO0 oo oogoggogoooogg
OO0 ooooooooooQgg
OO0 oo oDogoggogoooogg
OO0 ooooooooooQgg

(28)

O 0Oooo

O OO
O 0Oooo

O

O OO
O oOooo
O 0Oooo

O

JP 2012-115269

I R |
O O O
O OO
O 0Oooo

O

O

O
O
O
O
O
O
O
O
O

O

[ Ry
O Oooo

O

O

[ Ry |
O 0Ooo

O

2012.6.21

O OO
o R |
[ Ry

O

O

O

10

20

OO0 ooDoooOo0 oo ooo o0 oo oDoo oo oooogodg
e s e e e sy e R s [ |
OO0 Ooooo4o0 oo ooo oo oDoDoogoooooogogdg

O 0Ooooo
O O o0gogo
=00 OO0 Od
O Ooogooo
O 0Ooo0ooo
O 0Oo0ooo

OO0
o0
00
OO0
ooooooao ocoooao O O Mil
nO P.J.Flexibility of single-stranded DNA: use of gapped duplex helices to dete
rmine the persistence lengths of poly(dT)and poly(dA)O J.Mol.Biol.2850 245-570 1
o D DDDUDUDO0UOU0DD0DDDDODODUODO0DODO0DU0DDOoDDDODUODUODOoO0OoDOoDoDoDDOoOOOd

O
O
O
O
0 Isd0 J.B.0O Vacanol E.0O and Hagerma
n

gogoobooooooboboooooboobooooobboooobbooooboobooooobobooogoano
ugogobobobodooobooooobobooooobboooobbooooboooooboboogao
ooooOboOoo0oooooooobbooooooooobboooooooobboooodd
goooboooooboboooobooboooobbooobboooobobooooboboogao
gogboboooooooboooooboobooooobboooobbooooooooobooogaao
ooooObOoOO0oooooocoobboboooooooobboOoooooooobboooodd
gooooogooobooooobobooooobobooobbooobobobooooboboogao
gooobooooooboooooobooboooooobboooobboooooooooboobooooao
ooooOobobooooooooooboboboooooooobbbOoooooooobobooooo
ooooObobooooooooobbooooooooobbooboooooobbooood
gooooooooboooooobooooobobooobbooooboboooooboboogoao
ugooobooaad

ooooObOoOO0oooooocoobboboooooooobboOoooooooobboooodd
gooobooooooboboooobobooooobobooobboooobobooooboboogoao
gooboooooooboooooboobooooobboooobbooooobooooobobooogaao
oooobobooooooocooboboboooooooobbbOooboooooobobooood
gooooogogobo boooobobooooobobooobbooobobobooobboogao
gogoobooooooboboooooboobooooobboooobbooooboobooooobobooogoano
gogobobobodoogobobooouooboobooooobbodoouobboooobooboooobobooogado
ooooObobooooooooobbooooooooobbooboooooobbooood
goooboooooboboooobooboooobbooobboooobobooooboboogao



Oo0ooooo4o0oooooo0oooDooooooooogodg
OOo0oDooodoooouoggooDooogogggooooogod

OooDooooooooogogogoao

O Oooo

oo ooooQgogoo
OO0 oooogogo
OooooooQgoo
Oooooogogoao
OooooooQgoo
Ooooooogogoao
OooooooQgogoo
Ooooooogogoo
Oooooooogogoao
oo oooogoo
OO0 oooogogaog
OooooooQgoo
OO0 oooogogo
OooooooQgogoo

OO0 ooooogogoo

Oo0oooooooooooooooooooooodg
OO0ooooo0oooooo4oooooogogogoooogodg
Ooooooooooooooooooooooodg
OO0 o0oooo0ooooooooooogogogoooogodg

oo oooooogogooo

O
O
O
O

O
O
O
O

O
O
O
O

OO0 ooooogogoo

oo oooooogoogoo

OO0 oooooogogooo

OoooooooQgoogoo
O o0oooogogoo
Oooooooogoogo
oo oooogogoo
O 0D oooogogog
oo ooooogogoo
OO0 oooogogog
oo ooooogogoo

Oooooooooooodg
OO0 oooooooooodg
Oo0oooooooooood
oo oooooooooodg
OO0 oo oogoggogooood
oo oooooooooodg

Ooooooooogoogooo

oo oooooogoogoo

Ooooooooogoogogoo

oo oooooogogooo

Ooooooogoood

oo oooooogogoo

Oo0DoDooogogogogoooogod
Oo0ooooooooodg
Oo0oDooogogooooogod
Oo0ooooooooodg
Oo0oooogooooood
Oo0ooooooooodg
Ooooooooooodg
Oo0ooocooooood
Ooooooooooodg
Ooo0oooocooooood
Ooooooooooodg
OOo0DoDoogogogooood
Ooooooooooodg
Ooooogogogoooogod
Ooooooooooodg
Oo0ooogogooooogod
Ooooooooooodg
Oo0ooooooooogodg
Ooooooooooood
Ooooooooooodg
Oo0oooocooooood
Ooooooooooodg
OO0 oDoo4gogogogooood
Ooooooooooodg
Oo0DoDoogogogoooogod
Ooooooooooodg
Oo0oDooogogooooogod
Ooooooooooodg

OO0 ooooogogoao

oo oooooogogooo

Ooooogogaog

OO0 ooooogogoo

O
U
u

OooooooOoogao

oo oooooogoogoo

O
g
a

Ooooogogao

OO0 ooooogogoo

O
g
u

OoooooOoogao

oo oooooogoogooo

O
g
g

College
oooao
o0ooo
oooo
oooo
Oo0ooo

Oooooogogao

OO0 oooooogogoo

O
g
t

(29)

OoooooOoogao

Ooooooooogoogogoo

O
g
g

Oooooogogoao

oo oooooogogooo

O
g
a

ParkO
0ooo
0ooo
0ooo
0ooo

O

O

OooooocOoogoao
OoooooQgogoao

OoooooooogoogooOoo
oo oooooogogoo

OoOoooogoood

Ooooooogoood

OO0o0ooogo-gogao
Ooo0oooQgogoao
Oo0oooogogogao
Ooo0oooQoogoao
OoOoooogoQgogao
Ooo0oooOoogoao
Oo0ooogogao
Ooo0ooooOoogoao
Ooo0oooQgogoao
OooOoo0oooOoogoao
Oo0oooQgoao
OO0o0ooogo-gogaog
Oo0oooQgogoao
OOo0ooogo-gogao
Ooo0oooQgogoao
Oo0o0ooogoQgogao
Ooo0oooQgogoao

OoooooQogogoo

oo oooooogogogoo

Ooooogogaog

OO0 ooooogogoo

OoooooQgoogoao

oo oooooogoogooo

Ooooogogaog

OO0 ooooogogoo

JP 2012-115269

OoooooOoogoao
Ooooogogaog
OooooocOooOgao
Oooooogogao
OooooocOoogao
Ooo0oooQgogoao
OO0 ooo-gogaog

oo oooooogoogoo
OO0 ooooogogooo
Ooooooooogoogooo
oo oooooogogooo
Ooooooooogoogogoo
oo oooooogogooo
OO0 ooooogogoao

OoooooQogogoao

oo oooooogogoo

2012.6.21

Oo0ooo-gogaog

OO0 ooooogogoo

Ooooooogogoao

oo oooooogogooo

Ooooogogaog

OO0 ooooogogoo

OoooooOgoogoao

oo oooooogoogoo

10

20

30

40

50



O 0Ooo0oooao

oo ooooQgogoo

OO0 oDoooogogoooooggogog
Oo0ooooooooooogogQgoo
OO0 oDoooogogoooooggogoog
OooooooooooooQgoo
OO0 ooooogooooooggogoo

Oooooooodg
Ooo0oooogod
OooOoo0ooood

Oo0oooooogdg

O 0o oooogdg

O

O

Heyduk[O
Oooano
ooono
O0oano
O0ooano
Oooano

O

[ i Ry |

O

OOoo0oooogd
OooOoo0ooood
OoOoo0oooogd
Ooooooogodg

O

O

O

OoOoo0oooogd
OooOoo0oood
OoOoo0oooogd
OooOoo0ooood
OoOooooogd
OooOoo0ooood

O

O

O

(30)

O

O

O

O

O O o

O

Oooooogdg
OoOoo0ooogod
O Oo0oooogdg

O

O

E. ;HeydukO T.Anal .Biochem.19970
0000000000 OoOOoooOoan
0000000000000 o0o0a0
oooooooo®®oooo0a0
0000000 ODOooDoOooooOoan
000000000000 oo0an

JP 2012-115269 A 2012.6.21

000000000 DoDOooOoODn
Oo0o0O00oDO0oo0D0ooooooao
0o0o0oo0o0oDO0ooOooooooan
00000000 o0o0Ooooao
00000000 o0oooooOaDo
0o0O0oo00oDO0ooO0oooDoooan
0o00O00O00DO0o0ooDoooao
000000000 DoOoooOan

2480 16-2270 00 000 OO 10
0o0o0O00O0o0O0ooooooao
0oo0o0O00O0o0DOo0o0oooooao
0o0o0O00oDO0oo0D0oo0ooDoooao
0o0o0oo00oO0oo0DOoooDooogan
ooooooooaog



(31)

JP 2012-115269 A 2012.6.21

Ooooooo
%1
Y B BEFIE LEE)
THRI 57 7 iA AGT CCG  |[EHIHER . 1 |7 lkoS o TIEESN6
166 TAG GGC AGG 0—-18 {29] *TrF~w—
TT6G GGG TGA CT
THR2 157 FA-F V¥ A 66T TGG EHEE . 2 |7AFdbbA rTEESREG
TGT 6GT T6G 15D 7S ¥ e
THRZ  |AGT CCG TGG TAG BVIEE .3 (6018 [29] o7 7%~
GGC AGG TTG GGG e
TGA CT
THR4  [GGT TGG TGT GGT TGG BSIEE . 4 1G18DT T H~v—
THRS  |AGT CCG TGG TAG Bir|®E . 5 5fEOAN—P—18Y -
GGC AGG TTG 666G TG15DFFy~—|l g
TGA CF (A3 —18),; GG hi-60—18 [29] 7/ ¥~
TTG GIG TGG 116 6 —
THR6  AGT TCG TGG TAG ELEE .6 |10 ASR—H—18 VD
GGC AGG TTG GGG —TG1EDT FEv— T
TGA CT (" ~$-18), GGT Xni-60—-18 {29] 77%
166 T6T 6GT TGG -
THR7  GGT TGG TGT GGT TGG BEIHEE 7 |1 0@eORA—Y—-1 BU D
(A ~4-18) ,, AG TCC GTG —60—18 [29] oF ¥
GTA GGG CAG GTT v —lEEENREG15DT T
6GG GTG ACT H -
THR20  [6GT TGG TGT GGT TGG BOGESE . 1 6|37 #rx a7l ouEmani7
(A~ —-18), C GCA TCT R LFF RED T
R A FP AN ARy v F RSB0
Al 1 8 U 2T
ARFEG1aDTFEw—
THR21 15" 7adbbiv AGA TGC G FAES . 1 7TI0@BORAL—Y—1 8V rk—
(2~ —-#-18), AGT CCG T60—18 [29] 7FF~—
166G TAG GGC AGG wEgEARE, B TR TS L
TTG GGG TGA CT A TERARETRA 2 VA
FREO AN T A
AT vFFE
THR27 166T TGG 16T GGT T6G EFEEE - 18|73/ —daT% (57 #E<io)
(R =18}, (C6 73/-4T) GAETRAT W AF FEOL Y
C GCs TCT FU TGN IRT FF R,
EEO AL~ —1 8 H rh—
THEINEGLISDT I~
THRZ8 |5 amino AGA TGC G BEAEE - 1 9i5@ORA—H—18YHh—
(A~ —$-18); AGT CCG T0-18 [209] FAY~v—
TGG TAG GGC AGG CEEasnht, BT FIoEBD
TTG GGG TGA CT TRIVAFFEOQVTFI
AN AR LAF R
THRIT ICTG FCG TTA GTG AAG EAES . 20| a7 y~-—8RHAD
GTT NNN NNN NNN 33XRIVAFFROT F A
NNN NNN NNN NNN DN AR &= &SRRy
NNN NNN NNN NNN
AAC GCC ATA TCA
CAG ACG

goobooaad

10

20

30

40



(32)

JP 2012-115269 A 2012.6.21

oooo0oao

THR1Z |5 7wilb{r CIG TCG WFES 2 1| THR1 175 A <1
TTA GTG AAG GTT

THR13 |5 E° 4% CGT CTC TGA EEES 221 THR1I 1B S4v—2
TAT GGC 61T

THR2Z IGGT TGG TGT GGT TGG BAIEE . 23| bR TRz
(3" —$-18), GA CAG TS E 7

THR25 [GGT TGG TGT GGT TGG RISIEE - 24 bR E VT T Fv—BIRAE =
(7" 418} 5 AC GA CAG FE

THRZ9  |GAACGAGAGTGC BIFIES : 251s s DNARVF—MS
XXNXX 73/ C GCA
10T

THR3Z {5 7hdvidy AGA TGC 6 FoSEE - 261s s DNAE VS
XXXXX
TTGAACTGGACC

THR33 |GGTCCAGTTCAA TT BAEL: 27]s s DNAEY#—DEESs s
GCACTCTCGTTC DNA

THR4Z  |GGT TGG TGT GGT TGG ESIER . 28| brrEr T v —BRA=
¥X XXX AAC GAC AG TR g

THR43 |CT6 TCG TT {3~ —¥-18); EHEE . 29|33R S LAF FRETF -F LD
TTGAGTCAGEGTCGAG NABESAESh ha L eSS
CA NNN NNN NNN & - R IR
NNN NNN NNN NNN
NNN NNN NNN NNN
TTC ACT 676 CTG CGG
CTA

THR44 15 TedLELY CTG TC6 BFEES 30 THR43H G A w1
TT (A~ ~$-18), TTG AGT
CAG CGT CGA GCA

THR45 5" b v EEER : 31 THR43H A ~—2
TAGCCGCAGCACAGTS
Ak

THR49  [CACCTGATCGCTOUTC BIAIEE - 32|30RIVAFFEOI F b
GT NNN NNN NNN NNN DNABAE S 2D o
NNN NNN NNN NN LT A — O BRI B
NNN NNN CAG GAT =
GCA CAG GCA CAA

THR50  |AGCCGCCATTCCATAG BEHER  33|30RILVAFRELCT AT A
TG NNN NNN NNN NWN DNABRPEZt 200 bl
NNN NNN NNN NNK ¥ LT A O BRI B
NNN NNN CAG GAT i
GCC GAT CAG GTG

THRS1 |5°  7amibi{y CAC CTG BSIEE - 34 THR49HI A v—1
ATC GCT CCT CGT

THRGZ |5’ bt #F/TTG TGC CTG BHES : 35/ THRASHT 72
TGC ATC CIG

THRS3 |5 FMALEA/~AGC CGC EVIES 36| THRSOMAZFFA~—3
CAT TCC ATA GTG

THRG4 |5 v 4Fv CAC CTG ATC EFES: 37| THRSOBF I/ =—4
GGL ATEC CTG

THR3S |5 7aAbiAY AGA TGC G gL . 38| oy o thpisy
(A" ~F-18), AG GTT GGG
GGT ACT AGG TAT CAA
TGG GTA GGG TGO TGT
A8C GC

gogoooaad

10

20

30

40



(33) JP 2012-115269 A 2012.6.21

oooooao

THR36 |5 7altdv AGA TGC G EOEE: 39 bk —mES
{28 ~1-18) 4 A GTG AAG
GTT GGG GGT ACT

AGG TAT CAA TGG

GTA GGG TGG TGT

AAC GOC ATA T
MISI0X3AAC GCA ATA AAT BFIEE 4 0|CRPFPF¥<-—EIRHa7 7
GTG AAG TAG ATC B e

ACA TIT TAG 6CA CC
(Z~ -4-18) . GA TGGCT

MIS12 |AGCCA T CTA ACT BEHESE 41 33X ZLAFREODT F A
ATT CCC NNN NNN DNABEFAEHRCRPFPTS
NNN NNN NNN NN - RN AR EY

NN NNN NNN NNN
NNN GAG CGA GAA
ATT CTA GGT
MISII GGT GCC TAA AAT GTG BFIES 0 4 2 M1 S10X30HHEN
ATC TAC TTC ACA TTT
ATT GOG TT

MIS13 15" -Twdb{v~ AGC CAT BAHS 43 MIS1O0X3HTIM+—1
CTA ACT ATT CCC

MiS14 |57 vTAF/- ACC TAG AAT BEVES  44MISI1O0X3FATZA~—2
TIC TCG CTC

00
O

ooooObhOO0oDOoooooobbOOoOooUoUoUoooDbDbbooUoOoUooooDbDoboao
cooooooOOoooO,0oo00obDOooOoOooOoO0ooDbODOoobDOobooobOoono
O00ODDO0O00OO0O0O0OO0OODO Spectronic Instrumentsll Rochesterd NY[
oooDODbOOoO0oOoooooobbOooouooooDoao oooao
oooobODbboOoooooooobbboooooo
Research Triangle ParkONCO O OO 0O DO D O0OODO
Ooooooooano BioRadl Hercules CAO
BioRadO ooo gooooo
oooao oooooao
oooooao
oooooao
ooooDoaD

O0Oo0ooo|jodg
O Ooo0ooi;oo

Ooo0oooQgoao
Ooooogogogao
Ooo0oooOooOooo
Oo0ooogoQgooao
Ooo0ooooOoogoao
Ooo0oooQgogoao
OooOoo0oooOooOoao
Ooo0oooQgogoao
Oo0Do0OoogoQgoogoao
Ooo0oooQgooo
Oo0oOoogoQgogoao
Oo0oooodQgooao
Oo0oooogodogooao
Ooo0ooooQgooao

O 0Oo0oo0oo0oao
O O0Oo0oooao
O O0Oo0oooao
OOoo0oooodg
O 0Oo0oooao
OOoooood
OO0o0oooodg
O 0Ooo0ooo

O Ooogooo

O 0Ooo0ooo

O Oo0oooao
O 0Ooo0ooOoo0oao

a
u
O
g

OoOoo0oooaog
Ooo0oog=

ocoooooooooobOooobDoboboooooDbDOoobDobobooDbDOooao

OoocoODDbOOO0OO0oOooooo0D0DDO0dHeydukO T.;HeydukO E.Analytical
try 20010 2890 60-670 0 D OO0 O DODOOCODOOODODODOODDODOOOODOD
oobooooooooDoooao

0

J 0 o0oDoooQgooao
OooooOoog 3 o0oo0oogogoooao

OOoo0ooooao

n

e e e e <= e e A Y A I

e

g
gooooogooboboogooooooooooaoag
gbobobooooobooooobooobooboooobboooobooooonan
O

g

ooooO0oooDOoooDooO0oooDOoooDooDo0ooDUOooDoDOooDooDOooaOo
0000000000000 ooDooDoDooDo0ooDUoooDooDoooDooao
0000DOoOOoOO0o0D00O0O0OdooMatlockd D.L.;HeydukOl T.Biochemistry 2000
390 12274-122830 0 0 0000 DODOO0OODODDODODODDODOOODODDODODODDODOOODODOO
ooooan

000

0000000000000 000000000000

O 0OooOoio;oao

OooDoooo0oQgoOboowidoiooooooooDoooogoogoooloo
O 0Ooo0ooiood

O O o
[ i Ry




(34) JP 2012-115269 A 2012.6.21

0oo0oo0ooU0ooDooo0ooDo0oooDUooDoDO0o0Do0ooDU0ooDDoDoOooDoDooDooDoOoaO
Oo0o0o0o0ooo0ooo0oDo0ooo0oooDU0ooo0Do0ooo0oooDoooDO0oDo0ooDooOoDOo@oOoan
00000000000 oo0o0o0Do0ooDO0oDo0DO0o00Do0ooDU0oDDOooDOoDO0oo0DoDoOoDoOOoOaO
0oo0oo0ooU0ooDooo0ooDo0ooDUooDoDO0ooo0Do0ooDU0oooDOooDoDooODOoDoOoDOooOaO
ocooooooU0oooDOoooooOoooDUOooDoODO0ooOoO0ooDUoDDUOooDoDooDUooDUODoDaOo
00000000000 oo0o0oDo0ooDU0oo0DO0oo0o0ooDUooOoDooDoDOooDoDoOooDoOoaOo
Ooo0o0oo0ooDooo0DooD0ooDOooDOoDooDoDoOoDooDoDooDooOoOOan

Oooooo

000000000 0oo0o0ooooooan
Ooo0oo0ooo0ooDooo0ooDo0ooDoooDo0oo0ooDoooDooDoDooDoDooDoOoaOo
0oo0oo0ooU0ooDooo0ooDo0oooDUooDoDO0o0Do0ooDU0ooDDoDoOooDoDooDooDoOoaO
000D0D0000D0DDOO0OO0O0D0DOOOOdHeydukd T.;HeydukOD E. Nature Biotechnology 2

0020 200 171-1760 HeydukO E. ;KnollO E.;HeydukO T.Analyt._Biochem.20030 3160 1-10

0 Knol 1O E. ;HeydukO T.Analyt.Chem.20040 760 1156-11640 Heyduk(O E.;Feild Y. ;Heyduk
0 T.Combinatorial Chemistry and High-throughput Screening 20030 60 183-1940 O O
00000000000 oo0o0oDo0ooDU0oo0DO0oo0o0ooDUooOoDooDoDOooDoDoOooDoOoaOo
Oo0o0oo0oo0o0ooDooo0o0oDo0ooDo0ooDoDo0oo0DooDUooDoDooDoDooDoDooDoOoaOo
I o o A Y W
000000 0ooDooo0oooo0oooDUoooDo0ooo0DooDUooDoDoOoooDoooooDooao
00000000000 oo0o0o0Do0ooDO0oDo0DO0o00Do0ooDU0oDDOooDOoDO0oo0DoDoOoDoOOoOaO
0Ooo0oo0oo0ooDooo0ooDo0ooDooDoDO0ooO0DooDooDoDOoooDooDoooDooaOo
ocooooooU0oooDOoooooOoooDUOooDoODO0ooOoO0ooDUoDDUOooDoDooDUooDUODoDaOo
00000000000 oo0o0oDo0ooDU0oo0DO0oo0o0ooDUooOoDooDoDOooDoDoOooDoOoaOo
0Oo0o0o00oDoDo0ooO0OO0oo0DoDUooDoDOooDoDooDoooDOooDoooOd

Oooooo

Ooo0o0oooooooooooan
Oo0o0oo0oo0o0ooDooo0o0oDo0ooDo0ooDoDo0oo0DooDUooDoDooDoDooDoDooDoOoaOo
0oo0oo0ooU0ooDooo0ooDo0oooDUooDoDO0o0Do0ooDU0ooDDoDoOooDoDooDooDoOoaO
Ooo0oo0ooU0oooDooo0oooo0ooDU0oooDo0oooDooDUoooDoooDoooooDoOoao
00O0D0DD0OD00000O0D0O0DDO0OO0OO0O0O0OODODAOBockO L.C.;Griffind L.C.;Latham
O J.A_;VermassO E.H.;Toolel J.J_Nature 199200 35500 564-5660 Tassetl D.M.;KubikO M
-F.;Steinerd W.J_.Mol.Biol.19970 27200 688-69800 J 0 0 00D 0O DODOOODOOOODOO
O00D0DD0OD000000D00DDDOOO0OOexosited OBockOD 19920 0 0 000 0O0OO
0Ooo0oo0ooo0ooDooo0oooDo0ooDo0ooDoDO0ooOO0DooDUooDOooDoDOooDoDooDoOoaO
OO00000D0OD0OD0OO0OTasset 19970 0 0 000000000 0DODODOOOODOO
00000000000 oo0o0ooo0ooDUooo0DO0oo0DooDUooDUOooOoDoOoDoDoOooDoOoao
Ooo0oo0ooo0ooDooo0ooDo0ooDoooDo0oo0ooDoooDooDoDooDoDooDoOoaOo
0oo0oo0ooU0ooDooo0ooDo0oooDUooDoDO0o0Do0ooDU0ooDDoDoOooDoDooDooDoOoaO
ocooooooU0oooDOoooooOoooDUOooDoODO0ooOoO0ooDUoDDUOooDoDooDUooDUODoDaOo
00000000 ooDooo0o0oDo0ooDo0ooDo0Do0oDo0o0ooDooDoDooDoDo0oo0DoDooDoOoaO
0oo0oo0ooU0ooDooO0o0ooDO0DooDUOooDoDO0ooO0DOoDU0ooDDOooDoDooDoDoDoOooOaO
ooooo0ooU0ooDooo0oooDU0oooDUOooDoODO0oO0o0ooDUooODDUooDoDooDOooDUoOoOaO
00000000000 oo0o0ooDo0ooDU0ooo0Do0ooDo0ooDUoooDooDoDooDoooDoOoao
0Ooo0oo0ooo0oooDoooooDoooDoOooDoDooO0 D00 DooooDoooDoooao
OooooooDooooooood

Oooooao

00000000000 oo0o0o0Do0ooDO0oDo0DO0o00Do0ooDU0oDDOooDOoDO0oo0DoDoOoDoOOoOaO
0Ooooo0oo0oooDoooooDoooDUOoooDOooo0ooDUoooDooDoDooODoDoDOooaOo
ocooooooU0oooDOoooooOoooDUOooDoODO0ooOoO0ooDUoDDUOooDoDooDUooDUODoDaOo
00000000000 oo0o0oDo0ooDU0oo0DO0oo0o0ooDUooOoDooDoDOooDoDoOooDoOoaOo



(35)

JP 2012-115269 A 2012.6.21

ooooOobobooooooooooboboboooooooobbbOoooooooobobooooo
gooooogooobooooobobooooobobooobbooobobooobboogao
gogoobooooooboboooooboobooooobboooobbooooboobooooobobooogoano
I I I A I I N A M O W 6 A A W A W R W A
OO0OO000O00OD0O0OD0OO0O0OO000O00ODO0ODOD0ODO0ODO00ODODDOBock 19920 Tasset 1997
goooboooooboboooobooboooobbooobboooobobooooboboogao
ugogoboboboooooboboooooboobooooobboooobboooooboooooboboogao
ooooObOoOO0oooooocoobboboooooooobboOoooooooobboooodd
ooooboboooooooobbbboooooooob,00O00oooobobbooogod
gooobooooooboooooobooboooooobboooobboooooooooboobooooao
ooooObOoOO0oO0ooooooobObobOoooooooobobboboooao

oooooao
gogooooooobobooooobooboooooboboooobbooooboboooooboboogoao
ugogobobobodooobooooobobooooobboooobbooooboooooboboogao
ooooOobobooooooooobboboooooooobboOoooooooobboooodd
OO0O0D0DDDOO0OO0O000O0OMaterials and MethodsO D OO0 O O0OODDOOOOOOOO
gooboooooooboooooboobooooobboooobbooooobooooobobooogaao
ooooObOobOoo0oooooooobboboooooooobboOooboooooooboboooodd
gooooogooobooooobobooooobobooobbooobobobooooboboogao
gogoobooooooboboooooboobooooobboooobbooooboobooooobobooogoano
ooooOobobOoooooocooboboboooooooobboOooooooooobobooood
ooooObobooooooooobbooooooooobbooboooooobbooood
goooboooooboboooobooboooobbooobboooobobooooboboogao
ugogobobobodooobooooobobooooobboooobbooooboooooboboogao
ooooObOoOO0oooooocoobboboooooooobboOoooooooobboooodd
gooooogooobooogoobooboooobobooobbooobobooobboogao
gooboooooooboooooboobooooobboooobbooooobooooobobooogaao
cooooooooooooo,@UoooooOU0oobDOobobODOoDbODO0ooODDbDOob0boDoDOO
gooooogooobooooobobooooobbooobbooobbobooobboogao
gogoobooooooboboooooboobooooobboooobbooooboobooooobobooogoano
ugogobobobodooobooooobobooooobboooobbooooboooooboboogao
ooooOboOoo0oooooooobbooooooooobboooooooobboooodd
goooboooooboboooobooboooobbooobboooobobooooboboogao
gogboboooooooboooooboobooooobboooobbooooooooobooogaao
ooooObOoOO0oooooocoobboboooooooobboOoooooooobboooodd
gooooogooobooooobobooooobobooobbooobobobooooboboogao
gooooooaod

oooooao
ooooObobooooooooobbooooooooobbooboooooobbooood
gooooooooboooooobooooobobooobbooooboboooooboboogoao
OCoOO00O0O00O0O0D0OO0OO0O0O0OD0O0O0DOO0DO0OO0ODOOFPriedd M.G.;Crothersd D.M_Nuclei
c Acid Res.19810 90 6505-65250 0 0 00 O0DODOOODOOOODOOOOODODOODOD
gooobooooooboboooobobooooobobooobboooobobooooboboogoao
gooboooooooboooooboobooooobboooobbooooobooooobobooogaao
oooobobooooooocooboboboooooooobbbOooboooooobobooood
gooooogooobooooobobooooobobooobbooobobobooooboboogao
oogobobooooobboogoobooooobboooobooooooan

guooooaad

ooobobboo0ooogooooobobboogoooooooan
goooboooooboboooobooboooobbooobboooobobooooboboogao

10

20

30

40

50



(36) JP 2012-115269 A 2012.6.21

0000000000000 o0o0U0o0DoU0o0oDo0U0o0oU0Uo0o0U0o0Do0DU0o0Do0DUooOoDUo0oDoOOoaO
I T I e I T A 1 A I I B B R B A B R B A N A A N A N N R N R NI
gooobobooooooooboboooobbooobboooob oo booooao
goooooooobobobuoo bbb booo bbb bboboUobbooobao
0000000000000 0o000Do00o0Do00o0oDo0o0o00o0Do0D0o0DoDo0ooOo0oDo0oao
0 I I e I 0 e O B A B A B A B R O A W A B A AR O
I I I e I T I I I I 6 B B A R B O O A A N N N W N N R W IR N
0000000000000 0o0U00o0U0o0Do00o0oU00o0U0o0Do0U0o0DoDo0oDoOo0oDoOOoaO
I T I e I e 0 0 O A I B B B A B A R W N N N N A N N N N R NN
I I e I T I I e I A 6 N o N O B R B A B R R N O
0000000000000 o0o0U0o0DoU0o0oDo0U0o0oU0Uo0o0U0o0Do0DU0o0Do0DUooOoDUo0oDoOOoaO
0000000000000 0o000Do00o0Do00o0oDo0o0o00o0Do0D0o0DoDo0ooOo0oDo0oao
gooboboooooooooobobooobboo oo o000 boDbooobobooooban
gogoooboooobbobouoobbooobbooob bbb Uobbooobao
0000000000000 0o0U0o0Do0U0o0Do00o0oU0o0o0U00Do0DU0o0Do0Do0oDoUo0oDoOOoaO
0 I I e I 0 e O B A B A B A B R O A W A B A AR O
I I T A I 6 I I I N O B A W A B R O O
0000000000000 o0o0oU0o0Do0U0o0oDo0O0o0oU0o0o00o0Do0DU0o0Do0DooDUoo0oDoOoaO
I T I e I e 0 0 O A I B B B A B A R W N N N N A N N N N R NN
O0O0D0ODDO0O0O0O0dOoMillsd J.B.;Vacanod E. ;Hagermand P.J.J_Mol _Biol .199900 285
0245-2570 0 0 00 00000000CO0OOOOODOO0ODOODODOODODOOOOOOODODO
0000000000000 0o000Do00o0Do00o0oDo0o0o00o0Do0D0o0DoDo0ooOo0oDo0oao
0 I I e I 0 e O B A B A B A B R O A W A B A AR O
gogoooboooobbobouoobbooobbooob bbb Uobbooobao
O0o0ooooooao

googooao

goooooooad

0000000000000 o0o0U0o0DoU0o0oDo0U0o0oU0Uo0o0U0o0Do0DU0o0Do0DUooOoDUo0oDoOOoaO
I T I e I T I I A I A 0 A B A B A B R B W N N A N N A N N N N R N
I I e T A I R A 6 O N O N O B A W A B R R MO
gogoooboooobbobouoobbooobbooob bbb Uobbooobao
00000000000 HeydukO E.;KnollO E. ;HeydukO T.Analyt.Biochem.20030 3160 1
o0 0o oo0o0o0bobo0ooUbbo00o oD o000 oD booU0bDbuooobobbooodao
gooooboooobooboooobbooobbooo b b0 bbbooobbooobao
0000000000000 0o0U00o0U0o0Do00o0oU00o0U0o0Do0U0o0DoDo0oDoOo0oDoOOoaO
I T I e I e 0 0 O A I B B B A B A R W N N N N A N N N N R NN
I I e I T I I e I A 6 N o N O B R B A B R R N O
0000000000000 o0o0U0o0DoU0o0oDo0U0o0oU0Uo0o0U0o0Do0DU0o0Do0DUooOoDUo0oDoOOoaO
0000000000000 0o000Do00o0Do00o0oDo0o0o00o0Do0D0o0DoDo0ooOo0oDo0oao
I T I e e O B R B A B R N N O A B A B R R O
gogoooboooobbobouoobbooobbooob bbb Uobbooobao
0000000000000 0o0U00o0U0o0Do00o0oU00o0U0o0Do0U0o0DoDo0oDoOo0oDoOOoaO
0 I I e I A O B A B A B R B O O N N A N N A N N N R NI
I I T A I 6 I I I N O B A W A B R O O
0000000000000 o0o0U0o0DoU0o0Do0U0o0oU0Uo0o0U0o0Do0U0o0Do0DUooOUo0oDoOOoOaO
O00O00ODOoOO0oDOooODOooDOooOOoDbOOoDaOoaDselvind P.R.;Ranall T-M.;Hearstd J.E.J.Am.Che

m.Soc.19940 1160 6029-60300 SelvinO P.R.;Hearstl J.E.Proc.Natl._.Acad.Sci USA 1994
0 910 10024-100280 MatthisO G.Clinic.Chem.19950 410 1391-13970 0 O O OO0 OO O

00000000 ooDooo0oooo0ooDU0ooo0DO0oo0DooDUoODoDoooDoooDoOooDoOooao
gooboooodooooooooo0oooob oo ooDo b oo oooDoboooooao



Iy e e e e ey e e e [ e s s [y
e e e ) e e e e e e A [ e s Y [
Iy s ey ey e R e s [ [y
ey e e e s ey e e e e e e s s [y
Iy e [ [y
ey e e e e ey e e e e e s ) [y

OooooooooooooooooogogoQgoao
Oooooooooooooooooogoggogoao
Oo0oooooooooooooooooQgogoao
Ooooooo0ooooooooooogoggoao
OO0 O0ooodUooDoDoo4ggoooooggogog
Ooooooo0ooooooooooogogQgogoao
OO0 oDooodoooooggoooooggogao
Ooooooo0ooooooooooogogQgoao
OOo0oooo4odooooo4ogoooooggogao
OooooooooooooooooogQgoao
OOoooooo0ooooo4ogoooooggogoao

Oooooooooooooooooodg O O0ooo

O
O
O
O
OJ

O
O
O
O
O

O Oooo

OO0 oooooo0ooooogoogooooogodg

O 0o oo

Ooooooooooooooooood

O Oooo

OO0 oDooooo0oooogogoooooogodg

O oOood

Ooooooooooooooogoogoooog

(37)

Oo0oooooooooooooooooodg
OOo0oooooooooDooooooooogdg
Oo0ooooooooooooooooood
Oo0oooooo0oooDooooooooogodg
Oo0ooooooooooooooooood
Oo0oooooo0oooDooooooooogodg
Oo0o0oDooogogooooDoogogoUooooogod

O Oooo
O O oo
O Oooo
O O oo
O Oooo
O Oooo
O Oooo
O Oooo
O 0o oo
O Oooo
O 0o oo
O Oooo
O O o

Ooooooooooooooooodg
OoDoDooo4Uooooogogogoooogodg
Ooooooooooooooooodg
OoDoooo4ooooogoggogoooogod
Ooooooooooooooooodg
Oooooooooooogogogoooogod
Ooooooooooooooooodg
Ooooooooooooogoooogodg
Oooooooooooooooood
Ooooooooooooooooogodg
Oooooooooooooooood
Ooooooooooooooooogodg
OO0 o0ooooo0ooooogoggogooood

OoooOoooDoooooao
Biomol .Screening 19990 40
OoooOoooDoooooao

JP 2012-115269 A 2012.6.21

OooooocOoogao
OoooooQogogoao
Ooooogogaog
OoooooOgoogoao

-
Q
O
O

Oo0ooooooo0ooDooooooooogodg
e e e e R
Oo0oooooooooDooooooooogodg
OOo0ooooo4ooooDooogogoooooogodg
Oo0oooooooooooooooooogodg
OOo0oooooooooDooogogoooooogodg
Oo0oooooooooooooooooodg
Oo0ooooooooDooooooooogogdg
Ooooooooogooao

e Y Y e e Y e Y, e e e e i o [
Y e Y s Y Y O O O
Oooooooogoogooao

O ooDoooDooooog=so0ooooogogoodg
OO0 o0ooDooooooDo o oo ooooogodg

Oo0oooooggogooao
Ooooooooogooao

O
O
O
O
O
O
O
O
O
O
OJ
O
OJ
O
O
O

Ooooooooooooooooodg
OoDoooo4ogoooogogogoooogodg
Ooooooooooooooooodg
OooDooooooooogogogoooogod
Ooooooooooooooooodg
Oooooooooooogogoooogodg
Oooooooooooooooood
Ooooooooooooooooogodg
Oooooooooooooooood
Ooooooooooooooooodg
OO0 o0oooU0oooDoogoggooood
Ooooooooooooooooodg
OoDoDoooUo0oooogoggogoooogod
Ooooooooooooooooodg
OoDoooo4ooooogoggogoooogod
Ooooooooooooooooodg

gugoboooobooooobooad
67-730 0000000 OOODOO
gooboooooboog” boo

10

20

30

40

50



ooooboOoOoooooooooboao
oo’ oboooobooobboo
gogoboooooboooooobooao
gugoboooobooooobooad
oo’ oboboboooooooobooboao
ooooboooogoobao

gooooaad
ooooboooooooooooano
goooboooooboogobboo
goobooooooooooboooad
ooooboOoOoooooooooboao
ooooOboOoOoooooooobooao
gogooboooooboooooboobooao
ugogoboooobooooobod
oooobbOoooooobooooao
goooboooobooobboo
gogoboooooboooooooad
oooobOoOooooooooaon
gooobooao
gogoboooooboooooobooao
ooooObbooooooooooboao
ooooOboOoOoooooooobooao
gooobooobpOO0oOobDbDDOO
ugogoboooobooooobod
ooooObobOOoooooooooao
gooboooobooobboo
gogoboooooboooooooad
ooooboOoOoooooooooboao
goooboooooboogobboo
gogoboooooboooooobooao
ugdupwboooboboooobobod
ooooObbOoooooooooao
goooboooobooobboo
ugogobooooobooooobooad
oooooao
goooboooooboogobboo
goobooooooooooboooad
ooooboOoOoooooooooboao
ooooOboOoOoooooooobooao
gogoobooooobooobobooo
ugogoboooobooooobod
ooooObobOOoooooooooao
gooboooooboooobboo
gogoboooooboooooooad
ooooobooOoOoooooobooooao
goooboooooboogobboo
gogoboooooboooooobooao
gugobobobooooboooooboad
ooooOboOoOoooooooobooao
goooboooobooobboo

O oOoooo
O oOoooo
O oOoooo
O 0Ooo0oo0oo
O oOoooo
O 0Ooo0ooao
OoOoooo
O 0Ooooo
O oOoooo
O 0Ooooao

Ooooooggoao
Oooo0oooQgoao
o= Oooogogogoo
Oooo0oooogoo
OoooooogogQgoo
Oooo0oooogoao
OooooooQgoo
O0ooooogogogao
OoooooogoQgoo
Oooooogogogao
OooooooQgoo
Ooooooggoao
Oooo0oooQgoo
Oooooogogoao
Oooo0oooogoo
Ooooooogoggoao
Oooo0oooogoo
OoooooogogQgoao
Oo0ooooogoQgogao
Ooooooogoo
Oooooogogogao
Ooooooogoo
Ooooooggogao
Oooo0oooogoo

Oo0ooooooooooogogg
Oooooooooooooogogogodg
Ooooooooooooogogg
Oo0oooooooooooogoogdg
OoooooooooooogoQgg
Oo0ooooooooooooQgdg
Oo0oooooooooooogogog
OO0 ooDoogogooooogogg
Ooo0oooooooooooogoQgodg
OO0 ooDooogogogoooooggdg
OoooooooooooogoQgdg
OOo0oooooooooooggg
Ooooooooooooogogodg
OOo0ooooooooooggg
Ooooooooooooogogogodg
Ooooooooooooogogg
Oo0oooooooooooogoogdg
Ooooooooooooogogg
OO0 o0DoDoogogooooooogogdg
OooooooooooooogoQgg
Oo0oT oogogogoooo<= godg
OoooooooooooogoQgg
OOo0ooDoogogogooooggg
OoooooooooooogoQgg

OO0 oDoooogogooooogoogdg
OoooooooooooooQgodg
OO0 ooooogooooooogdg
Oooooooooooooodg
Oo0oooooooooooogdg
Oooooooooooooood
Oo0oooooooooooogdg
OO0 Do ooogogooooogdg
OO0 oooooooooooogodg
OO0 Do ooogogogooooogogdg
oo oooooooooooogodg
OO0 oDoooogogooooogoogdg
Oo0ooooooooooooQgodg
OO0 oDoooogoooooogoogdg
Oooooooooooooogodg
OO0 oooooooooooogdg
OooooooooooooooOodg
OO0 oooooooooooogdg
OO0 Do ooogooooogoogdg
OO0 oooooooooooogodg
OO0 Do ooogogogooooogoogdg
OO0 ooooooooooooQgodg
OO0 oDoooogogooooogogdg
oo oooooooooooogodg

(38)

O o

O
O Ooooo
O oOoooo
O oOoooo
O o0Ooooo
O oOoooo

JP 2012-115269

O o0Ooo0oo0oao
O O
O 0Ooooo

OoOoooo
O 0Ooooo
O oOoooo
O 0Ooooo
O oOoooo

2012.6.21

10

20

30

40

50



(39) JP 2012-115269 A 2012.6.21

ooo
oonO

OpOODDOO0ODOODO0OOOOODDODOODOOOOOODODDODDOODODOOOO
ooocooboooogoo

O 0Oooo
O 0Oooo
O 0Oooo

O

O

O

O

O

O

O

O

O

O

O

O

O

O

O

O

O

O

O

O

O

O

O
O

[ i Ry |
O O o
O O

Ooo0ooooooooooogoQgodg
Oo0ooooooooooogogdg
Oooooooooooogooao

Ooooooooooooogogoooaoo

O

O
Oo0Doooodooooog4gogoooooggdg

OO0 oooooo0 oo oooooooooQgog
O Ooooo

Ooo0oooooooooooooooooQgog
OO0 oo oooo0 oo ooo oo oDooogoQgoog
e e s e e s e sy s [
OO0 oo oooo0o oo ooo oo oDooogogQg-g
OO0 Do ooogQgooDoooggUoooooggg
OO0 oo oooo0 oo ooo oo oDooogogQgo-g
OO0 DO ooo4o0oooDooogogooDoooggg
OO0 oo oooo0 oo ooo oo oDooogoQgog
OO0 oo oooo0oooDooogogoooooggg
OoOo0oooooo0 oo ooo oo ooooQgoog
OO0 oo oooo0o oo ooo oo oDoooggog
Oo0ooooooooDoooooooooQgog
OO0 ooooo0 oo ooo oo oDooogogog
Oo0oooooooooooooooooQgodg
OO0 oo oooOo0 oo ooogo0oooDooogogoQgo-g
e e s e e s e sy s [
OO0 oo oooo0o oo ooo oo oDooogogQg-g
OO0 Do ooogQo0g oo ooogogoOoooooggg
OO0 oo oooo0 oo ooo o oo ooogoQgo-g
OO0 oo ooo4Qo0ooDooogogooOoooooggg
OO0 oo oooo0 oo ooo o oo oooQgoo-g
OO0 oo ooo4o0ooDooogogoooooogogg
Oooooooo0oooooooooooQgodg
Oooooo4o0ooooo4ooooooggg
OooooooooooooooooooQgodg
Oooooo4o0ooooooooooogQgog
Oo0o0oooo0o4ddUooDoogog4dgooooogdg
Ooooooo0ooooooooooogQgg
Oo0ooooo4dooooog4gogoooooggdg
Ooooooo0ooooooooooogogQgg

0o0oo00oDoDO0ooo0Doo0ooDoooDooDo0ooDUooDoDooDoooDooaOo
Oo0oo0o0oooDo0oooDooU0oooDooDoDooo0ooDUoooDooDooooOoao
0O00DD000000Q0D0ODDODODO0OO0O0O0O0O0OD0OOaDODDOJdayasenad S.D.ClHin
-19990 4500 1628-16500 D U D 0D 00D 0D O0DDODOOQOODODDODODODDODOOODODOO
oooooDooo0oooDO0ooo0ooODU0ooDOoooDooDUooDDoDUOooDoooDooOOd
00000000000 oo0ooDU0ooDoDU0ooo0Do0oDo0DoDoDUooDoDooDoooDoooOg
Ooo0oo0ooDo0oooDOoooDooDooDOooDo0Do0oDo0DOooDooDoDooDoDooDoooOd
ooo0o0o0oooDU0oooDOooO0oooDU0ooDUOooOo0DO0ooODU0OoDU0ooDoDooDoooDooDoDOd
00000000000 oo0ooUooDoDUOooo0Do0oDo0DooDUoooDooDoDooDoooOd
Bockd 1992;Tassetld 19970 0 0 0 0000 O0O0ODDOODOOOODOOODDODOOOO
0Oo0o0o0o0oDoDU0ooo0DOoo0OoDoooDOooDoDoDoooDooDooDoDOd
oooo0o0ooDoDU0ooOoDOoo0oOoDU0oooDOooDUoooDUoooDooDooDoDO
000000 DoDo0ooDo0Do0oo0oDooDo0DooDoooDooDoDooDoooDg
O X.;ERllingtond A.D.Proc.Natl.Acad.Sci. USA 19960 930 7475-74800
opopooood Ooo0o0oO0ooUoooDoooooDooooooo
opooooao Oooooooooao
oooooaog Oooooooooao
opopoooao Oooooooooao
K O O
O O

OOoooood

OO0 oooooooooDoooooooDoDooogogooooao
Oo0ooooooooDooo o ooDooooooooao
Oo0oooooooooDooo oo oDooooooooao

C

>
0]
3

C

O
O
O

O oD oooogogog
O o oooogogo
O oD oooogogog
Ooo0ooooogoQgogoo

Oo0Ooo0ogao

O
g
u
O
g

I Y I Iy

Oooo oad

oono oad

ooo od
HeydukO E.O HeydukO K. gd g g oad
gooooDoDooooooooooao 0ooo oad oono
ad 000000 HeydukO E.O Kaluckall 3.0 Kinnear KnollO E.O O O HeydukO T
ooooboobboooooooobpbboooooooobbboooOoooobooDbo

gooboooobbooooboooonnb

DDDDDDEDDDDDDDI:II:I-'I:II:II:II:II:II:II:II:IEI
DDDDDDD-'DDDDDDDDDWDDDDDDDDDDDDDDDDDDDDDDDDD

OoooDoooogoogoodg
Oooo0Ooo0oooOoood

O Ooo0oooo
O 0Ooo0oo0oo0oao
O0Ooo0oooao
O Ooo0oooo

U
t
O
g
g

OoOoo0ooogod
UJI:II:II:II:II:II:I
I:IEJI:II:II:JI:I
O Ooooao
O Ooo0ooo



oooooao

gooobooao
oogooboboooobooogao
gugobobooooobobooooobooboooaodo
ooooObOO0ooooooooboboooan
oooobooooobbooobbooooao
ugogoboboboooobboooobooaooao
oooobOoooo* ooo" b0bb000a0
gooobooooobbooobobooooao
ad

oooooao
ooooObOO0ooooooooboboooan
oogoobooooobboooobooooao
ugogoboboboooobbooooboboooaodo
ooooObOOO0oooooooobooooao
oo 0" ooobbooooboobooooao
ooobobooooobbooooboooaooao
oooooao
gooobooooobbooobobooooao
oogoobooooobbooobooooao
ooooODbDOoOOooooooooobooboooan
ooooObOO0ooooooooboboooan
oooobooooobbooobbooooao
ugogoboboboooobbooooboboooaodo
ooooObOOO0oOO0ooooooobooooan
goooboooobboooobooooao
ooobobooooobbooooboooaooao
ooooODbOOO0ooooooooobooboooao
goooboooobboooobooooao
oogoobooooobbooobooooao
ugogoboboboooobbooooboboooaodo
ooooODbOO0oooooooobobooon
oooobooooobbooobbooooao
gogoooogad

oooooao
gooooo0ogooobooogooooogoao
oooboobooooobboooooboooooao
ooooODbOOO0ooooooooobooboooao
ooooObOO0ooooooooboboooan
oogoobooooobbooobobooooao
ugogoboboboooobbooooboboooaodo
ooooObOOO0oOO0ooooooobooooan
googooobooooobboooobobooooao
goooaoaad
ooooObOoOO0ooooooooobooboooan
gooobooooobbooobobooooao
oogoobooooobbooobooooao
ggoboboooobbooooobooboooaodo
ooooObOO0ooooooooboboooan
oooobooooobbooobbooooao

(40)

O 0Oo0oo0ooao
O 0Ooo0oooo
O O0Oo0oo0ooao
O 0Oo0oooo
OO o0oooo
O 0Oo0oooo
O Oo0Qgooo
O 0Ooo0oooo
O Oo0gooo
O 0Oo0oo0ooo
O Ooo0oooo
O 0Oo0oooao
O 0Ooo0oooo
O 0Oo0oo0ooao
O 0Oo0oooo
O O o0OoOooo
O O0Oo0oooo
O Oo0gooo
O 0Ooo0oooo
O Oo0ogooo
O 0Oo0oooo

O 0Ooo0oo0oo0oao
O Ooo0oooao

Oooooooooooooogodg
Oo0ooooooooooogoogdg
Ooo0ooooooooooooogod
Oo0oooooooooooogdg
OO0 Do ooogogoooooogdg
OO0 oooooooooooogdg
OO0 oDoooogogogogoooogogdg
OO0 oooooooooooogdg
OO0 oDoooogogooooogoogdg
Oo0oooooooooooogodg
OO0 oDoooooooooogoogdg
Oo0oooooooooooogodg
Oo0oooooooooooogdg
OO oDooooooooogPkoo
OO0 oooooooooooogdg
OO0 Do oooggogoooooogdg
Oo0ooooooooooogoogdg
OO0 oDoooogogooooogoogdg
OO0 oooooooooooogodg
OO0 oDoooogoooooogoogdg
OO0 oooooooooooogodg

O0Ooo0oo0oodo
OoOoo0ooodg
O0Ooo0oo0oo.o

O 0Ooo0oo0oo0oao
O Ooo0oooao
O O0Oo0ooO0oo0oao
O 0Ooo0oooao
O 0Oo0oooao
O 0Ooo0oooao
O Oo0oooao
O 0Ooo0oooao
O Ooo0oooao
O 0Ooo0oo0ooao
O Ooo0oooao
O 0Ooo0ooo0oao
O Ooo0oooo

O 0Ooo0ooo
O 0Ooooo
O O0Oo0goao
O 0Ooooo
O O0Oogoao
O 0Ooooo
O Ooogoao
O 0Ooo0ooo
O Ooogooo
O 0Ooo0ooo
O Ooooo
O 0Ooo0ooo
O 0OooOooo
Y [ Y
O 0Ooooo
O O0Oogoao
O 0Ooo0ooo
O Ooogoao
O 0Ooo0ooo

O0Ooo0ooog
OoOoo0oood
OOoo0ooodg
OoOoo0oood
OoOoo0ooog
O0Ooo0oo0ood
OoOoo0ooodg
O0Ooo0oo0ood
OoOoo0ooodg
O0Ooo0ooodo
OoOoo0ooogdg
O0Ooo0ooodg
OoOoo0ooogdg
OOoo0ooodg
OoOoo0oood
OOoo0ooog
O0Ooo0oood

JP 2012-115269

O oOoooo
O O0Oooo
O oOoooo

2012.6.21

O oOoooo
O Ooooo
O oOoooo

10

20

30

40

50



Iy e e e e ey e e e [ e s s [y
e e e ) e e e e e e A [ e s Y [
Iy s ey ey e R e s [ [y

e e e ey e s e s I

Iy R Iy
I e e ey e ey e Y [y

OOoo0oooogod
OoOoo0oood
OOoo0oooogod
O0Ooo0oo0ooao

OooOoo0oooOod
OoOoo0ooogd
O0Ooo0oood

Oo0oooooooooood
Oooooooooooodg
Oo0oooooooooood
Oooooooooooogodg

OoOoo0ooood
OoOooooogd
OoOoo0oood
OoOoo0oooogod
OO0o0oooogd
OoOooooogod
OO0o0oo0oooogod
OoOoo0oooogod
OOoOo0oooogd
OooOoo0oood
OOoo0oooogd
OoOoo0oood
OOoo0oooogod
OoOoo0ooood
OoOoo0oooogod
I I B [
OoOoo0oooogod
O0O0o0oooogod
Oooooogod
OOooooogd

Oooo0oooogoao
Oooooogogoao
Oooo0oooogoao
Ooooooogogoao
OO0 ooogogoao
Ooooooogoogoao
Ooooogogoao

OOoo0oooao

O 0Ooo0oo0ooao

O0Ooo0oo0ooOo
OoOoo0ooogdg
OO0Oo0ooodg
OoOoo0ooogdg
O0Ooo0ooodg
OoOoo0oood
OOoo0ooodg
O0Ooo0oood
OoOoo0ooodg
O0Ooo0oood
OoOoo0ooogdg
O0Ooo0oood
OoOoo0ooogdg
O0Ooo0Ooo0ood
OoOoo0ooogdg
OO0oOo0ooogdg
OoOooood
OOoo0ooodg
OoOoo0oood
OoOoo0ooodg
Oo0Ooo0oood
OoOoo0ooodg
O0Ooo0oood
OoOoooogdg
O0Ooo0oo0ooOo
OoOoo0ooogdg
O0Ooo0ooodg
OoOoo0ooogdg
O0Ooo0ooodg
OoOoo0ooodg
OOoo0ooodg
Oo0Ooo0oood

OOoo0oooao

OoOoo0oo0ogao

OO0 oo oDoogogooao
oo oooooogoogoooo
OO0 oo oDoogogooo
oo oooooogoogoooo
OO0 ooooogogooo
oo oooooogoogoooo
OO0 ooooogogooo
oo ooooooogoooo
OO0 ooooogogooo
Ooooooooogoooo
OO0 oooooogogogogooo
Oooooooooogoooao
oo oooooogogogooo
OO0 oo oDoogogooo
oo oooooogogoooo
OO0 oOooooogogooo
oo oooooogooooo
OO0 ooooogogooo
oo oooooogoogoooo
OO0 ooooogogooo
Ooooooooogoooo
OO0 ooooogogoooo
Oooooooogoogoooao
OO0 oooooogoogoooo
OO0 oD ooDoogogooo
oo oooooogoogoooo
OO0 oo oDoogogooo
oo oooooogoogoooo
OO0 ooooogogooo
oo oooooogoogoooo

OOoo0oooao

O OooOoooo

OOoo0oooao

OoooooooQgdg
Oooooogdg
OooooooQgdg
Oooooogdg
OooooooQgdg
Ooooooogg
OoOooooogodg
Oooooooogg
OoOooooogoadg
Oooooooogg
OO0 oooogg
Ooooooogdg
OOooooogg
OooooooQgdg
OOooooogoogg
OooooooQgodg
Oooooogg
OooooooQgodg
Ooooooogg
OoOoooooogodg
Ooooooogdg
Oo0Doooogg
OooooooQgdg
Oo0ooooogg
OoooooooQgdg
Oooooogdg
OooooooQgdg

O Ooo0oooao

OOoo0oooao

O Ooo0oooao

O0Ooo0oo0ooao

OOoo0oooo

(41)

O0Ooo0oo0ooao

OOoo0oooao

O 0Oo0oo0ooao

OOoo0oooaoo

OoOoo0o0odgao

OOoo0oooao

O Ooo0oooao

O0Ooo0oooao

O Ooo0oooao
O Ooo0oooao
Oo0Ooo0oo0ooao
O Ooo0oooao
O 0Ooo0oo0ooao
O Ooo0oooo
O 0Ooo0oo0oo0oao
O Ooo0oooaoo
O Oo0oooo
O Ooo0oooao
O Oo0oooao
OOoo0oooao
O Ooo0oooo
O0Ooo0oo0ooao

O Oooooao

JP 2012-115269

O0Ooo0oooao
O Oooooao
O0Ooo0oo0ooao
OOoo0oooao
O 0Ooo0oo0ooao
OOoo0oooao
O Oo0Oooo

O Oooo

2012.6.21

O Oo0oooao

OOoo0oooao

O Ooo0oooao

OOoo0oooao

10

20

30

40

50



(42)

OooooooogQgoo
OO0 oooooggogao
OooooooQgoo
OOo0oooooggogoao
OoOoooooogoQgooo
Oo0ooooogQgoo
OoOooooooQgoogoao
Ooo0ooooogQgoo
OoOooooooOoogoao
Ooo0ooooogQgogoo
OO0 ooDoooggogaog
Ooo0ooooogQgoo
OO0 oooooggogo
OooooooogogQgogoo
OO0 oooooggogao
OoOoooooogoQgoo
Oo0ooooogQgogoao
OoooooooQgoo
Ooo0ooooogQgogoao
OoooooooOoogoao
Ooo0ooooogogQgoo
OoOo0ooooooOooOgoao
OooooooogogQgoo
OO0 oooooggogog
OooooooogQgoo
OO0 oooooggogaog
OooooooogoQgoo
OOo0oooooggogoao

oggoao gooao

Figure 1

JP 2012-115269

O
g
a
u
O
g
u
O
g
a

Figure 3

Oo0ooooogQgogoao
OoOooooooQgoogoao
Ooo0ooooogQgogoao
OoOooooooOoogoao
Ooo0ooooogQgogoo
OO0 oooooggogog
Ooo0ooooogQgoo
OO0 oooooggogaog
OooooooogogQgoo
OO0 oooooggogao

2012.6.21

oo oooooQgogoo

10



(43) JP 2012-115269 A 2012.6.21

ooono gooao

A B
60-18 [29] G15D . 12000 /,/,-«/",'0
—p- w—pp- 1 " 11000
T, s
THRI < J‘ 3 10000
Mwwennp ¢ 341 1> AGTCCG TG TAG GGC AGG TTG GGG TGA CT Aoy 1 - o Wemmp-
~ i
- i ;
i &5 s 8000
Womep- < onsivis GoTTOGTOTGGTTEG  FLFIES 2 T e we e e o . o ps - e
THRS b M) o ey oM
s AGT CCOTGG TAGGCCAGRTTO GGG TOACT  FFIFEHS 3
©
% Ka=63nM . . ¢ : Kp=17.7nM —P
—p GOTTOATOTAGTTO0  FISIEE 4 s = s
w©
THRS i) Hoe
sl AGT CCG TGG TAG GGC AGG TTG GGG TGA CTX XXX XGGTTG IO TGG TI0G A5 45 5 by B
= P - e
THRS, e H
Py  AGT CCG TGG TAG GGC AGG TTG GGG TOA CTX 300X XX XXX GGT T0G 10T GOT TC EHES6 o + 10X me——n-
»
THRY - °
P GGT GG TET GT TG0 XXX XXX XXX XAG TCC GTG GTA GGG CAGGTT 600 TG ACT 7 55 7 o 20 4 e & 10 120 0 20 4 60 8 10 120
RO e (M) hOr B (M)

X~ A N-H— 18

oggoao gooao

 YI0MTHRS g
// NP1

| A 120
L : 100 7
1 Be(nm) EEaw) 80 4
B ﬁ 2 2 =
+ 1 T O 801 S >
w 150 M THR4 c| - +150nMTHR? D < a e = :;
- Faind v ~ o~ N
"1 oA thoey = . \ﬁ; 40 4 L) I I v
R 3 2w +hEZEY 2 a [ [~ a
., W n .
. j wi/ 20
nm 8 s nn .ﬁl Lo A O ) ° I‘T
i B(nm) i E(nm) é § g
-20 + + +




ooono

(44)

\

. N,

WAL
\ +hOrEY

. N

A + THR3 (5x); THRS B

+horEy

2

© w40

0

# E(nm

® W m w w w e

#F(nm)

w s C

+ THR3 (5x) c + THRS D
- m
+hOrEY
- o FREE
3+ v ™ w
s &
H N “
.
» »
um 50 £ 20 £ L L) o 500 20 30 50 ] % o o

i E(nm)

goooao

60-18 [29]
—

ooooao

THRI4/THRIS 27 nt T2 %

THRIWTHRIS (17 0t T 2

# K (nm)

G15D

-

TRR14
GSTIGE IGTGATTO6  TITTITT CI6 WG ITAGTGAAGGTT BB R 5 8
THR1S

T
AACCITCACTAACGACAG TITTITT AGTCCGTGE TAG GGC s e
'AQG TG GGG T6A CT BHES 9

THRIE
GOTTGG TATGGTTGG  TITTTETITTITITTT CIGTCGTTAGTG fRAE R 1 0
AAGOTT

THRI7
AACCTTCACTAA CGACAG TITTTTTTTTITTITTT AGTCCGT66 FOHIHE 1 1
TAG GGC AGG TTG GGG TGA CT

BB 1 2

AGT FOFIEE 13

THRIR
GGTTGG TOTGETTOG  TTT TITTITTIT TIT FTT ITT TTTTIT CT6 106
TTAGTG AAG GTT

THR1?

AACCTT CACTAA CGA CAG TTTTTT TFT TTT TTT TIT TITTITTIT
CCG TGS TAG GOC AGG TTG GGG TGA CT

- cpix 1

- cpix2

amae cplx 3

gooao

A

JP 2012-115269 A 2012.6.21

borE>

THR7-hnorey

"ok >,

B THRT —p oo w e o

~ 14 b [THRT

¥ ——a
et .
=
R
3
00 05 1.0 15 20 25
ko e [THR7
# T
A r— cgﬂﬂ;ﬁmccﬂeﬁ TTTTITITT TIFTITTIT  CGCATCT #o7on  FRWf&HE | 4
THRY
N e— $aie AGATOCG TITTITTITTITTITTT AGTCORTOOTASCSS FISIES | 5
B c
| E-a
) 4
$ o1 //
RF—on
I A

goooao

A

A THR2
—p_ " GGTTGGTGTGOT TGS XXX CGCATCT 1575 s,

0 20 40 6 80 100 120 140 160
Rz (oM

BB 1 6

(“AGATGC G XXXXX AGT CCG TGG TAG GGC AGGTTG GGG TaACT  PRHI KR 1 7
18

c
[SE D
w
£
EF—nm
LAl 10 100 1900

RESED oM



(45) JP 2012-115269 A 2012.6.21

goooad ooooao
1.2
rosEr — 1.0
S
0.8
o we s M DK °
& o6
™
<
0.4
THRZD —> & @0 @0 OB &b = W w ¥ .
0.0 4
DNA#SH (nM)
ogoooao
gooogano
o 0.6 '
oo 8 Figure 17
04 0t N >t:‘>/,/-—‘
g 03 ‘iﬁ ]'
“ 0.2 < 0.2
o +h T
0.0 e 0.0 L et e ey
: " 01 4 o o0
v béyey(:‘:n) * ERZAvA (L)
ogoooao oooogano

801 Kd=63nM A 80 { Kq=17.7nM B
8 e THR20
ﬁ © " GGTTGGTGTGGTTGGXXXXXCGCATCT 3dabeyl MHES L 6
P R 40
#H
0 o THR21
0 N éo‘/ v '53 0 . ?10‘/ v (Er?M) 120 5' fluoresceinAGATGCGXXXXXAGTCCGTGGTAGGGCAGGTTGGGGTGACT
; o . WAIER 17

3 100 | 150{ wo% L ia
& 1 o LT T
- I :
i 50 w 2w E g '
o 2o 6 oo 14 ¢
s ® @ oo = B s v e
= M= ] 04 \;\E

ré‘ i 8 8 & 00 05 10 15 20 a3

g 8 hoE &

SR o8 £ &

= R

= N N

0.1 1.0 10.0 100.0
~razes (nM)




(46) JP 2012-115269 A 2012.6.21

ooooao goooao

A B B i;; 4 A g_‘ts i, B
000000000 -« e 0000000 o .
0 0102 0408 1.6 3.2 6.4 12825.6 [0 0102 04 0816 3.2 64128256 PN © b ‘3 ,
s o |\ hEvE SR Daf e E e
xR ] N
;; . # BN N2
/ 1 '
ot 1 0 100 0.1
A ruses (M) m‘; v (nm)m
i
I
600 650 500 550 600 650 700 75( . e F
500 550 > o) » () g ‘!gw g, ; 6}
o |2
sposees QOO0 ] «s@2®000 & N Hio f3
0 0102 04 08 1632 64128258 {0 0102 0.4 0.8 1.6 3.2 64128256 hy D ;f M&?;‘;;&Qﬁo 14
ha s M) RoE s (o) N by
N NG
P
ES
i 01 1
\ robes @) w o e owy ! 100
h FE) 25 »
& oy
: E. F
500 550 600 650 700 750 600 650 700 75C €, <
A (nm) A (nm) 3 bl
“ 00 02 04 08 08 1 %’5
oz (oM) :‘0
s
[

01 1 10 100 A 3
razey (M) 2z % A
E T« T S 2
* T &% 9
< % <
xS &
> .
oy s
I, X O
A X v
RS <
z <
“
Ooo0o0ooao Oo0o0o0oao
2.5
'.e--'o."'.."0.."’.-.,‘.."'on.‘-.-'v
2.0 4
2.0 1
¥
= @ = 15
2 =
S ENY Z'=0.94
Z N
~ 1.5 ¢ 104
Iy ;
EN é @
N § 7] 0.5
é 2 hv4 x A Py 090aet0 0000 0 0 0e P00 0000t 00nst 0,0
1.0 ?ug Lol
N ' 0.0 T T T T T
0 10 20 30 40 50

rues (pM)

ooooao

B .
*
~ 30 o 30+ .
i #* - © GAnm ey
&= & Is8 B
S 25 3 254 2 [
& &
2% =21 83t b3
+ + -
NRE CV: 14% INRES
I I v e - b d
1.0 4 . il e o« . .
o1 1 10 0123 4 2

ho e (M)



JP 2012-115269 A 2012.6.21

(47)

goooao

ooooao

VNY,/VNAEE-—
PN IS VI WM ma\\m VNAR®S TR VNOBE VN VRAGE
AN Yisersg Hiveng
| FUTYE m YE-VNOBY =
Mover g N th\\m

FE=EFLL v TEFELTEAIL :
9) Y

P + s+
4 oa
* L2
o0
+ 4 I
+ 44
*oe 4o
0o
+* + N
L
+ L
4o
+ o
v
. e
e & - o N_E
B (L7 e
= W A-£7 7 %lawﬁﬁ
— & 2 xEX
P
=
© [=3
8
ol 8
A &
1t g§°
™ B N E
m &
R g
+
< -

goooao

goooao

(wu)y

0v9 029 009 085 095 O¥S 026 005

mﬂ./,l
/

\

A4
-

L

I

f\

la¥dw ﬂ

N&Ladd




JP 2012-115269 A 2012.6.21

(48)

goooao

ooooao

NG L L AZTNAEm—A

0}

oy —

gy—"

08

T &4 &

=

§

.

(Wu) gss
oy

GRHE WA O~ — 2 4 L L

~

9%

goooao

goooao

9

00k 05 0z 0b 0 (Wu~as=d

00L 05 0¢ O 0 (Wu) <as=d

v

[5HW 519 VOV s kg
£¥HL TVIVDODS vV 191 991 DOD VLD DOL VYO LVL 99V LOV LOO 999 T15 DY BIS VX001

S
EYHL

TE5W 191 991 D99 V19 991 VWO LYL DOV LOV 199 999 115 DY XXXXXODOOLYOV kot k445

92-0C ~—u s

(Wu) <A<y

w®
¥
4
1
8¢
e 19
P 6
DOYLOVDOUDOS ! - £
LD ODYD LD LOSEYIDDOIEPETS, 91i-ns 9
D Y DY F DDV ADBOIDOYD - - - -~ - oo SIi-as g
DO DD VRDDYIODLODOV OODLIDOYD = ==~ m e St Bli-ag g
............. e A e 9 A-ni 0L
.............. A et 0 S Vismag 89
............ 7 : 08 Ei-5g gy
............ s O~ " 9
........... r S¥IOODY- - 8L
........... --| VAOOD L WY ILYLOSYE: s
........... DD LR DL IO LOD YL 6L
........... DD LDV IO LIY IV IO Y DD 05
........... i 4
........... 15% L
..... wiovos [
........... LOYOS - ===~ m
........... vzoy 9L
............ - ==~ <y D¥¥pED s¢
.............. OO DONDYYOONLIODLIODD LTI %
.............. Y B0 LSOO LoD T T Lo0 19
.............. LoDV IRED IR OV LLODINYIO0REYDD) %
.............. e e S 8
.............. DDLYLODOYI: YYID0DTYOs- - - - - i
......... iwagumaswmamuuaﬁgﬁauouﬁkuq. mem- 9
................ D LD O 100D LoDV Y NR0B - - - 9
.............. Eau@ug.ugaqﬁouompﬁuuuﬁ.wumuu&. slamEg g
............... mmwrnu bostirvaooovLv: DI -LOBORD- - 64—us  go
,,,,,,,,,,,,,,, R e e A

ERheoR

o

408 5.~ ¢



JP 2012-115269 A 2012.6.21

(49)

goooao

ooooao

‘‘‘‘‘‘‘‘ Qg reereregreterea
es FESBFLY = mmm e
€8 =m--- v.noaﬁuﬁiua DYDEDIODODEODSEOND:

£f  -~E35Ba0NIonoLeI0DYEYPS0s0YVOnODOLE

g - .aa&%vgguﬁcﬂ EOVYDYYVONDDDE -~

€€ DODIBVEDDVIL , :

€E  —mmmme-

€ mmewes - ~ 5048/ POODTYL:

€€

(33 lu!J) DOLILYOY: & UcU MU%

£ mmmmees vgu.nvma@gocu‘au@ow«ﬁuuoﬂw

€E  mmmmens BYODDD!

€€ -mr-o] OB IPDIODYODYD YD YD INIODYADODEY - - =~ - - == = == z
£€ :umpuw:uUpuﬁﬁuuwﬂauﬁmﬁnwﬁwum

3 o oYY

g€ mmees ~DDLOOPDDONYO LY DOYEILYID!

I !«mubvu.mulwﬂﬂndﬁt‘ YOIy

€€ -=-PINDBYORIYDFOVOY-~

Ef DBLODILISODNOLOLOVYBYLOOIEONS

Saasuuu«uouunaﬁ TO0YOIYD:
aaquuououuasﬁngauaﬁu

0E @ .i.oouaogaa u.vum
o s ,.-wmwuuumwﬁbaoga

og oo oﬁmuauumoﬁiuuﬁuﬁoowwﬁ, -bLYD
0€ & ~-DDIVODVIOVLIY- waumﬁoawuyumm.mwﬂ .......
0E W -~ ~DDIHIOVODOVEIOVDIOVIODVODINDYSD -~ -~~~

0F  #6 wvmmean ~DOLOVIYIOYDLODDDNODODOVYDNEINY - - -
0€ 9 -~~~ -~ -IODIOYDYDODODIODDILIOOYD! ¥¥- -
0€ 16 -~ -~ ~DDPPALVIOVYOIODIODDVIONDLIONONY- -~ - -
0€ i8----- uHPnﬁSoooaawaﬁ%ﬁwwmaﬂwa&ﬂcuuo&
0€  wr----- DOBINVOOVODDIODIODOVIOODLYDON Y-~ ~ - =
0€  wr----- DODLYEDOYDODIODIODOVIODDLYDOV- - - = -
0E  #6 == ==~ DODLYYOOYDODDDDLODDNLODDLEDONY - - - - -
0E 6 ----- DDDLVYDOYDDDLODLODDVLIODOLYDONA -~ - -~
[ VDDOIVYDODOVLVIVYLIONLODOYLDD - - -
0 96 ~==-=-- mauwoaﬁooouﬁgaauoaguﬁou, -
0F €6 === mnnl YODDINYEDDOV VYN YLLIODLODOYIOn- - -
0 88 ~--n-- VOODLIV- -DOOVIVYIOLIODIODONISOS -
0 #8 =memmmm 4 ¥O0OL 3? ~DDOVINVIDLIODLODDYIDOD - ~
0F €8 ~-=m-- lr¥oopLIY- ,wowﬁﬁaoﬂmwﬁwogmma_. -
0€ 18 -~~~ ~I¥SODLLY- ~DOOYIVYIOLIOOIODONVIOND- -
0E 08 -m--o LVE09LIY- - 20DV INYIDLIODINNONTODD - -
[0

1A g
el A—n g
-1 A—m g

9

(Wu)dHo

0gz 00z o1 00 08 0

<7

I
EEO T & g

e

HEE g

L Sem——

]

=

5?%\ &

ﬂﬂli!!ll

g

_ﬁﬁ,ﬁc\\

goooogoaod

OO0O0O000O0D0 240 40 100 (2012.4.10)

ugogoooaoad

ooooObDO0OO0Oooooan

goooboooobboo
gogooooagao
ooooobooao

ooooo
2012115269000001 . app




(50) JP 2012-115269 A 2012.6.21

gooooboooood

(74000 100165892
Ooooooooo

(7000 0OO0O0O0O0C0OOO
00000000000000000000000000000000000000000000
ooo

(72000 00000000
00000000000000000000000000000000000000000000
0ooo

(7000 0000000000
00000000000000000000000000000000000000000000
0o

O000(00) 4B024 AALL CAOL CA20 HA1l

0000 OO 4B063 QAOL QA18 QQ36 QQ79 QR32 QR4S QR62 QRG6 QX02



(51) JP 2012-115269 A 2012.6.21

gogooodoagdo

WO 2005/039509 PCT/US2004/041318

BIOSENSORS FOR DETECTING MACROMOLECULES AND OTHER
ANALYTES

PARENT CASE TEXT

{0001] This patent application ¢laims priority 1o U.S. Provisicnal Patent Application No.
60/329,076, which was filed on December 12, 2003.
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SEQUENCE LISTING

[0003] A paper copy of the sequence listing and a computer readable form of the same sequence
‘ listing are appended below and herein incorporated by reference. 'The information recorded in
computer readable forra is identical to the written sequence Hsting, according to 37 C.F.R.
1.821 ().

BACKGROUND OF THE INVENTION

1. Field of the Invention

[G004] The invention relates to kits, molecular beacons, and methods for detecting any
polypeptide, analyte, macromoiecular complex, or combination thereof. The invention relates

o hiomedical research fools and diagnostic kits.

2. Description of the Related Art

[6005] The detection, identification and quantification of specific molecules in our environment,
food supply, water supply and biologieal samples (bloed, cercbral spinal fluid, wine, et
cetera) can be very complex, expensive and time consmming. Those methods include gas
chromatography, mass spectroscopy, DNA. sequencing, inmunoassays, cell-based assays,

hiomolecular blots and gels, and myriad other multi-step chemical and physical assays.



(52) JP 2012-115269 A 2012.6.21

WO 2005/058509 PCT/USZ004/041315

f00061 There continues to be a high demand for convenient methodologies for detecting and
measuring (he levels of specific proteins in biological and environmental samples. Detecting
and measuring levels of proteins is one of the most fundamental and most often performed
methodologies in biomedical research. While antibody-based protein detection methodologies
are enormously nseful in research and medical dagnostics, they are not well adapted to rapid,

high-throughput parallel protein detection.

[0067) Previously, the inventor had developed 2 fluorescent sensor methodology for detecting a
specific subclass of proteins, i.2., sequence-specific DNA binding protein (Teyduk, T.;
Heyduk, E. Nature Biotechnology 2002, 20, 171-176; Heyduk, E.; Knoll, E.; Heyduk, T.
Analyt. Biochem, 2003, 316, 1-10; U3, Paten; No. 6,544,746 and copending patent
applications number 10/062,064, PCTAUS02/24822 and PCT/US03/02157, which are
incorporated herein by reference). This methodology is based on splitting the DNA binding
site of proteins into two DNA “half-sites™. Each of the resulting “half-sites” containg a short
complementary single-siranded region of the length designed to introduce some propensity
for the two DNA “half-sites™ to associate recreating the duplex containing the fully functional
protein binding sife. This propensity is designed to be low such that in the sbsence of the
protein only a small fraction of DNA half-sites will associate. When the prolein is present in
the reaction mixfure, it will bind cnly o the duplex containing fuily fanctional binding site.
This seleetive binding will drive agseciation of DNA half-sites and this protemn-dependent
association can be used to generate a speciroscopic signal reporting the presence of the target
protein. The term “molecular beacons™ is used in the art to describe the above assay to
emphasize that selective recognition and generation of the signal reporting the recognition
accur in this assay simultancously. Molecular beacons for DINA binding proteins have been
developed for several proteins Hlusirating thefr general applicability (Heyduk, T.; Heyduk, E.
Negure Biotechnology 2002, 20, 171-176, which is herein incorporated by reference). Their
physical mechanism of action has been established and they have been also used as a platform
for the assay detecting the presence of ligands binding to DNA binding proteins (Heyduk, E.;
Enoll, E.; Heyduk, T, dralvt, Biochem. 2003, 316, 1.10; Knoll, E.; Hevduk, T. dnabt.
Chem. 2004, 76, 1156-1164; Heyduk, E.; Fel, ¥; Heyduk, T. Combinatorial Chemisiry and
High-throughput Screening 2003, 6, 183-194, which are incorporated herein by reference.)
‘While already very useful, this assay is Himited to proteins that exhibit natural DNA binding

activity.
Aptamers ag “Molecular Beacons™
[0008] Development of convenient, specific, sensitive high-throughput assays for detecting

proteins remains an extremely important goal. Such assays find applications in research, drug
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discovery and medical diagnosis. Antibodies rocognizing target protein are the centerpiece of
the great majority of protein detection assays so far. Development of i1 vitro methods for
selecting aptamers recognizing target proteins from a population of random sequence micleic
acids provided the first real alternative to antibodies. One of the potentially important
advantages of aptamers is that they are made of easy to propagate and synthesize
oligonucleotides, Additionslly, standard nucleic acid chemistry procedures can be used to
engineer aptamers to contain reporter groups such as, for example, fluorescence probss. Thus,
it is no wonder that there is & significant inderest to utilize aptamers 1a various formats of
protein detection assays. One of the most promising routes is the development of aptamer-
based sensors combining recognition of the target protein with generation of optical signal

reporting the presence of the proteimn.

fO005] There are several published reports that document ingenious designs of aptamer-based
“molecular beacons™ which produced fluorescence signal upon binding to a specific target
protein, All of these designs rely on target protein-induced contormational trangition in the
aptamer to generate fluorescence signal change. Yamomoto and Kumar {Genes 1o Cells 2000,
5, 389-396) doscribed molecular beacon aptamer that produced an increase of fluorescence
upen recognition of FIEV Tat protein. Fluorescence signal was generaied due to a change of
proximity of fluorophore-quencher pair resulting from Tat protein-induced transition between
hairpin and duplex forms of the aptamer. Hamagucht et al. (dnalyt. Biockem. 2001, 224, 126-
131) described molecular beacon aptamer that produced an increase of fluorescence upon
recognition of thrombin, In the absence of the tarpet protein, the beacon was designed to
form & stem-loop structure bringing fluorophore and the guencher fo close proximity. In the
presence of the pretein, the beacon was foreed to ligand-binding conformation resulting in
increased separation between Aucrophore and the quenclier and increased fluorescence signal.
Li et al. (Biochem. Biophys. Res. Commun. 2002, 292, 31-40) described molecular beacon
aptamer, which underweni iransition from loose random ceil fo a copgpact unimolecular
quadruplex in the presence of a target protein. This protein-induced change in aptamer
conformation resulied in a change of proximity between fluorescence probes attached to the
ends of the aptamer generating a fluorescence signal change. Analogous approach was used
by Fang et al, (ChemBioChean. 2003, 4, 829-§34) to design molecular beacon aptamer
recognizing PDUF. These examples illustrate the great potential of aptamers for designing

sensors, which could transduce the presence of the protein into an optical signal.

SUMMARY OF THE INVENTION

{00010 The inventor has successfully generalized the sensor design applied previously for

detecting sequence-specific polyaucieotide binding to proteins and other analytes that lack
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natural nucleic acid binding activity, to greatly expamd the applicability of these sensors,
Briefly, natural DNA sequences recognizing sequence specific DNA binding proteins were
replaced with nucleic acids that bind a particular target protein obtained by in vitro selection
from a pool of random sequences. It has been well established that nucleic acid (DNA or
RINA) aptamers capable of specific binding to proteins lacking nafural DNA binding activity
can be produced by i visro SELEX (systematic evolution of ligands by exponential
enrichment) procedure (Tuerk, C.; Gold, 1. Science 1990, 249, 505-310; Gold, L.; Polisky,
B.; Uhlenbeck, O.; Yarus, M. Ann. Rev. Biochem. 1995, 64, 763-797; Wilson, D.5.; Szostak,
J.W. Aun. Rev. Biochem. 1999, 68, 611-647). SELEX mvelves selection of nucleic acid
sequences binding a specific target from a pool of randomn DNA (or RNA) sequences by
cycles of binding, washing out unbound sequences, and PCR amphfication of target-bound
sequences. Numerous examples of successful selection of aptamers specifically binding
various proteins as well as other target molecules (Turek 1990, Policky 1995 and Wilson
199%9) provide a strong indication that producing aptamers o a large number of naturally

occwrring proteins is possible.

[6001 1] The inventors have developed compositions and methods which firther enable the
application of the proximity-based assay described in copending patent application
10/062,064 (which is incorporated herein by reference) to extend beyond nucleic acid binding
factors, their Hgands aud coregulators to include any polypepiide (including prions or other
misfolded proteins}, analyte, small molecule ligand or macromolecular eomplex. The
invention is directed to the use of a set of labeled apiamers that contain short (preferably
about 5-7 nucleotides) complementary single siranded polynucicotide sequences at the distal
tip of each aptamer {called “signaling oligos™. Bach aptamer of the set of aptamers binds to a
specific and different epitope of a polypeptide or macromolecnlar complex, i.e., a first
aptamer of the set binds fo a first epitope of the polypeptide or macromolecular complex, and
a second aptamer of the sct binds to a second epitope of the polypeptide or macromolecular
complex. In the presence of the polypeptide or macromolecular complex, the first aptamner
hinds to the first epitope and the second aptamer binds to the second epitope such that the
short complementary single stranded polynucleotide sequences at the distal tip of sach
aptamer can stably associate with each other. Upon the stable association of the short single
stranded polynucleotide sequence at the distal tip of the first aptamer with the short single
stranded polynucieotide sequence at the distal fip of the second apiamer, a label on the first
aptarner is brought into proximity to a label on the second aptamer o produce a measurable
signal. In other words, two or more novel nucleic acid half sites that bind to any polypeptide

or macromolecular complex may be made and used in a proximity-based assay to detect any
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polypeptide or macromolecular complex. The set of aptamers may be joimed by a flexible

linker to form 2 bivalent aptamer construct.

[00012] One embodiment of the invention is & method comprising making a first aptamer and a
second aptamer, which bind to a first epitope and a second epitope respectively of &
polypeptide or biomolecular macromolecular complex. The aptamers may be made using in
vitro selection, such as systematic evolution of ligands by exponential enrichment (a.k.a.
SELEX; see Klug, S.; Famulok, M., All you wanted to know about SELEX. Mo/, Biol.
Reports 1994, 20, 67-107, which is incorporated herein by reference.} Alternatively, one or
meore pre-existing aptamer or naturally occurring cognate nucleic acid sequence may be
medified to contain a label and a short smgle stranded polynucleotide sequence at the distal

tip and used to detect a polypeptide, analyle or macromolecular complex.

[00013) In another embodiment, the invention is drawn to bivalent aptamers, which comprise a
first aptamer consiruct, which recognizes a first epitope of a polypeptide or macromolecular
complex and contaius a first signaling oligo, and a second aptamer construct, which
recognizes a first epitope of a polypeptide or macromolecular complex and contains a first
signaling oligo, wherein the first aptamer construct and the sccond aplamer construct are
linked together via a flexible linker, In 2 preferred embodiment, the first aptamer constmet
contains a first label and the second aptamer construct contains a second label for the purpose

of detection.

[00014] It is envisioned that the bivalent aptamer construets can be useful in myriad applications
beyond the detection of molecules and macromolecular complexes. The bivalent aptamers
may be used in much the same way as antibodies, ¢.g., to detect molecules and complexes, to
purify molecules and cotnplexes, to block epitopes and antigens, to facilitate inmune
responses (both inmate and specific) in an organism, 1o treat diseases and to confer passive
immunity to a subject. The preferred subject is a human, a farm animal or a companion

animal,

00015} 1t is further epvisioned that the bivalent aptamers can be used as therapentic compositions
10 block molecular interactions in a cell or tissue, ot to facilitate molecular mteractions ina
cell or tissue to effect a desired therapeutic outcome in a patient. Preferred patients include

humang, farm animals and companion anirals.

[00016] It is further envisioned that the aptamer constructs or bivalent aptamer constructs cas be
used in medical or veterinary diagnostics or in pharmaceutical screens to help identify

potential safe and effective pharmacentical products.
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BRIEF DESCRIPTION OF THE DRAWINGS

{00017} Fig. 1. Overall design of molecular beacons for detecting proteins. {A) Variant of the
design for proteins lacking natural DNA binding activity. The beacon in this case will be
composed of fwo aptamers developed to recognize two different epitopes of the protein, (B)
Variant of the design for protein exhibiting natural DNA binding activity, The beacon in this
case will be composad of a short DNA duplex containing the DNA sequence corresponding to
the protein binding site and DNA (RNA) aptamer developed to recognize a different epitope
of the protein.

{0001R] Fig. 2. Methods for preparing co-aptamers directed to an epitope distinct from the binding

site of the first aptamer (A) or distinct from the binding site of nucleic acid containing the

natural binding site of the protein (B).

{00019} Fig. 3. Comparison of the design of molecular beacons for DNA binding proteins (A) and
molecular beacons for detecting proteins based on aptamers directed to two different epitopes
of the protein (B).

0002401 Fig. 4. Aptamer constructs containing aptamers binding thrombin at fibrinegen exosite

(60-18 [29) and at heparin exosiie (G15D).

06021 Fig. 5. Binding of fluorescein-labeled aptamers fo thrombin. (A) Bindiag of 60-18 [29]
aptamer (THR1) (50 nM} detected by fluorescence polarization; (B) Bindmg of G15D
aptamer {IHR2) (50 nM) detected by change in fluorescence intensity, {C) Quantitative
equilibrium titration of Quorescein-labeled G15D aptamer (THR2) (20 nM) with dirombin,
Solid line represents nonlinear fit of experimental data to an equation describing formation of
1:1 complex between the aptamer and thrombin, (D) Quantitative equilibrium titration of
fluoreseein-labeled G15D aptamer (THRZ) (20 nM) with thrombin in the presence of ten fold
cxeess of unlabeled 60-18 [29] aptamer (THR3). Solid line represents nonlinear fit of
experimental data to an equation deseribing formation of 1:1 complex between the aptamer

and thrombin

[00022] Fig, 6. HHustration of the competition between trombin aptamer constructs and
fluorescein-labeled G15D aptamer (THR2)} for binding to thrombin. Fluorescence spectra of
50 nM fluorescein-labeled G150 (THR2) with and without thrombin in the absence of
compelitor (A), in the presence of 150 oM THR3S (B}, in the presence of 150 aM THRA (C),
and i the presence of 150 oM THR7Y (D).

[00023] Fig. 7. Swnmary of experiments probing competition between thrombin aptamer
constructs and fluorescein-labeled G15D aptamer (THR?2) for binding to thrombin,
Fluorescence intensity of fluorescein-labeled G15D aptamer (THR2) {50 nM) in the absepnce
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and the presence of the competitor (250 nM) was used to determine % of THRZ2 bound in the
presence of the competitor. Thrombin concentration was 75 nM. The values of dissociation
constants shown in the figare wege caleulated from a separate experiment in which 200 aM
fluorescein-labeled (15D aptamer (THR2), 200 oM competitor and 150 nM thrombin wers

used.

[00024) Fig. 8. The effoct of G0-18 [29] aptamer {THR3} on the competition between fuorescein-
laheled G15D aptamer (THR2) and THRS construct for binding to thrombin. Fluorescence
spectra of 200 nM fluorescein-labeled G15D {FHR2) with and without thrombix (150 nM)
in ihe absence of the competitor (A), in the presence of 1000 M THR3 and 200 nM THRS
{B), in the presence of 1000 nM THR3 (C), and in the presence of 200 nM THRS (D).

[60625] Fig. 9. Binding of THR7 aptamer construct to thrombin detected by gel electrophoresis
mobility shift assay. Samples of 417 nM THR7 were incubated with varions amounts of
thrombin (0 to 833 nM) and after 15 min incubation were loaded on a native 10%
polyacrylamide gel. (A) Image of the gel stained with Sybr Green, {B) Intensity of the band

corresponding to THR7-thrombin complex as & function of thrombin concentration

[00026] Fig. 10, Family of bivalent thrombin aptamer constructs in which G15D and 60-18 [25]
aptamers were connected to a 20 bp DNA duplex by 2 9-27 nt long poly T linker.

FO00271 Tig.11. Binding of thrombin to bivalent aptamer construcis (33 nM each) illustrated in
Fig. § detected by electrophoretic mobility shift assay (EMSA). Asterisk marks the lane best
ilusirating preferential binding of thrombin to constructs witk 27 and 17 nt poly T lnker over

the constructs with & nt poly T linker. Thrombin concentration was varied from 0 t0 400 nM.

[00028] Fig. 12. Thrombin beacon design using G151 and 60-18 [20] aptwners connected to 9 bp
fluorophore (or quencher)-labeled “signaling” duplex through 17 ut poly T linker. (A)
Mucleotide sequence of the fluorescein-labeled G15D construct (THRY) and dabeyl-labeled
60-18 [29] construct (THRE). (B) Mechanism of signaling by thrombin beacon. {C)
Fleorcscence signal chenge detected upon addition of thrombin to the thrombin beacon. For
comparison, litration of the [uorescein-fabeled G15D construct (THRY) with thrombin in the
absence of dabeyl-labeled 60-18 [29] construct {THRS) is also shown (donor only curve).

[00029] Fig. 13. Thrombin beacon design using G15D and 60-18 {29] aptamers connected to § bp
fluorophore {or quencher)-labeled “signaling” duplex through a linker containing 5 Spaceri8
upits, {A) Nucleotide sequence of the fluorescein-tabeled G150 construct (THR21) and
dabeyl-labeled 60-18 [29] construct (THR20). (B) Mechanism of signaling by thrombin
beacon. (C) Fluorescence signal change detected upon addition of thrombin to the thrombin
beacon, For comparisor, titration of the fluorescein-labeled G15D construct (THR2T) with
thrombin in the absence of dabeyl-labeled 60-18 [29] construct (THR20] is also shown {donor

1
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only curve). Inset shows flunorescence emission spectra recorded at various concenirations of

thrombin corresponding to data points in the main graph.

[00034] Fig. 14. Binding of thrombin to the beacon illustrated in Fig, 13 (THR20/THR21)
detected by gel electrophoresis mobility shift assay. The gel was imaged for fiuorescein

emission (L.e. only THR2! component of the beacon is visible}.

000317 Fig. 15. (A) Seusilivity of thrombin delection at two different concentrations of the
beacon. Red circles: 50 oM THR21 and 93 oM THR20. Blue circles: 5 oM THR21 and 9.5
oM THR20. (B) Specificity of the beacon for thrombin. 50 aM THR21 and 95 nM THR20
were titrated with thrombin (red circles) and trypsin (blue cireles),

{00032] Fig. 16. Reversal of thrombin beacon signal by competitor aptamer constructs.
Fluorescence intensity of 50 nM THR21, 95 o THR20, and 100 ni thrombin was measured
af increasing concentrations of corpetitor DINA's. The data are plotted as a relative
fluorescence increase with respect to a signal (F,) of a starfing beacon and thrombin mixturs.
Open blue squares: THR?7; filled black circles: THRI4/THRIS3; filled red squares:
THRI1G/THR17; filled blue triangles: THR18/THR19; open magenta triangles; THR3; green
filled inverted triangles: THR4; open black triangles: nonspecific single stranded DNA.

000333 Figure 17 depicts molecular beacons for detecting proteins. Comparison of the design of
molecular beacons for DNA binding proteins {A) and molecular beacons for detecting

proteins based on aptamers directed to two different epitopes of the protein (B).

[00034] Figure 18 depicts the binding of aptamer constructs to thrombin. (A) Binding of G15D
aptamer {THR2) (30 nb} detected by change in fiucrescence intensity of 57 fluorescein
moiety. Solid line represents the best fit of the experimertial data to o simple 1.1 binding
isotherm. (B) Binding of G153 aptamer {THR2) in the presence of 10x excess of unfabeled
60-18 [29] aptamer, Solid line represents the best {it of the experimental data to a simple 1:1
binding isotherm. (C) Summary of experiments probing competition between thrombin
aptamer constructs and fleorescein-labeled G150 uptamer (THR2). Fluorescence intensity of
THRZ (200 aM) was used to determine % THRZ2 bound in the presence of competitor (200
1iM). Throntbin was 150 nM. The labels above each bar indicate relative affinity (expressed as
fold increase of affinity constant) of the competitor compared lo the affinity of THRZ
aptamer. (D) Binding of THR?7 aptamer construct to thrombin detected by gel electrophoresis
mobikity shift assay. Intensity of the band corresponding to THR7-thrombin complex is
plotted as 2 function of thrombin concentration. fnset: Image of the gel stained with Sybr
Creen, Fiuorescence change (%) was calculated as 100% (1,1, where I and I, correspond to
dilution-comrected flnorescence erission intensity observed in the presence and absence of a

given thrombin concentration, respectively.
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f00035] Tigure 19 depicts a thrombin beacon design, G15D and 60-18 [25] aptarners were
connected to 7 bp fluorophore (or quencher)-labeled “signaling” duplex through a linker
containing 5 Spacerl8 units. (A) Nucleotide sequence of the fluorescein-labeled G15D
construet ("THR21) and dabeyl-labaled 60-18 [29] construct (THR20). X cotresponds to
Spacer 18 moiety, (B) Mechanism of signaling by thrombin beacon. (C) Fluorescence signal
change detected upon addition of thrombin to the thrombin beacon. For comparison, titration
of the fluorescein-labeled (15D construct (THR21) with thrombin in the absence of dabeyl-
labeled 60-18 [29] construct (THR20} is also shown (donor only curve). Signal change (%)
was calculaged as 100* (I, -I)/I, where ] and I, correspond to dilution-corrected flucrescence
emission intensity observed in the presence and absence of a given thrombin concemiration,
respectivety. Inset shows fluorescence emission spectra recorded at various concentrations of

thrombin corresponding to data points in the main graph.

[660346] Figure 20 depiets variants of thrombin beacon with various combinations of donor-
acceplor Fluorophores. (A) fluotescein-dabeyl; (B) fluorescein-Texas Red; (C) fluorescein-
Cy5, (D) Cy3-Cy5. Emission spectra of the beacon in the absence (black line} and presence
(red fine) of thrombin arc shown. Tasets show false color images of microplate wells
containing corresponding beacon and indicated concentrations of thrombin, The images were
obtained on Bio-Rad Molecular Imager FX using the following excitation-emission seftings:
{A) 488 n'm laser — 530 nm bandpass filter; (B) 488 nm luser - 640 nm bandpass filter; (C)
488 nm laser — 695 pm bandpass filter; (D) 532 nm laser — 655 nm bandpass flter.
Fluorescence is in arbitrary units (corrected for instrument response) and is pletted in a linear

scale,

[00037] Figure 21 depicts response curves for the heacon with various combinations of denor-
acceptor pairs. (A} fluerescein-dabeyl, (B} uorescein-Texas Red, (C) Cy3-Cy5, (D)
flucrescein-CyS, (B) eurcpium chelate-Cy3, (F) Fold signal change observed for indicated
donor-acceptor pair at saturating thrombin concentration. Insets show expanded view of data
poinis at Tow thrormbin concentrations. In all experiments 5 nM donor-labeled and 5.5 1M
accepior-labeled aptamer constructs were used. Signal change (fold) was calculated as I,
where I and 1, correspond to dilution—corrected acceptor fluorescence emission intensity
(measured with donor excitation) observed in the presence and absence of 2 given thrombin
concentration, respectively. Buffer background was subtracted from: I and I, before calculating

signal change.

[00438] Figure 22 depicts the dependence of the sensitivity of the thrombin bescon on a donor-
aceeptor pair, Response of 10 oM donor-fabeled and 11 oM acceptor-labeled beacon was
determined at low thrombin concentrations using beacon labeled with fluorescein-dabeyi pair

{triangies), fluorescein-Texas Red pair (inverted friangles), and fluorescein-Cy3 pair {circles}.
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Averages and standard deviations of four independent experiments are shown. Signal change

{fold) was calculated as in Fig. 5.

{00391 Figure 23 depicts the reproducibility and stability of thrombin beacon. {A) Five
independent determinations of beacon signal at four different thrombin concentrations were
performoed. Data shown represent mean +/~ standard deviation. (B) Thrombin beacon signal at
four thrombin concentrations was monitored over time up to 24 hours. Dala shown represent
mean +- standard deviation of 5 independent measurements. Beacon containing 5 i
fluorescein-labeled aptamer (THR21) and 5.5 oM Texas Red-labeled aptamer (THR27) was
used in this experiment. Signal change (fold) was caleulated as in Fig, 5 except that buffer

background was not substracted,

[000403 Figure 24 shows the determination of Z’-factor for thrombin beacon. Panel in the middle
of the plot shows the false color image of wells of the microplate cotrespording to the
experiment shown in a graph (the upper half of wells are + thrombin, the lower half of the
wells is — thrombin. Beacon containing with 5 oM fluorescein-labeled aptamer (TTIR21) and
5.5 nM Texas Red-labeled aptamer (THR27) was used in this experiment. Signal comresponds

to a ratio of accepior to donor emission (in arbitrary units) measured with donor excilation,

[00041] Figure 25 depicts the detection of thrombin in conplex mixtures. (A) Response of
thrombin beacon at 1 nM thrombin concentration in the absence and presence of the excess of
unrelated proteing. The data shown are averages and standard deviation of 4 independent
experiments, (B) Detsction of thrombin in Hel.a exiract “spiked” with various amounts of
thrombin, Data shown are averages and standard deviation from 3 independent
measurements. Concentrations of thrombin in cell extract were: 1.88 oM (light grey bars);
3.73 oM (dark grey bars); 7.5 M (black bars). Signal for beacon mixbure alone was ~ 25%
lower then when cell extract (no thrombin added) was present {not shown) which was
essentially the same as the signal observed in the presence of cell extract and specific
competitor. (C) Time course of prothrombin to thrombin conversion catalyzed by Factor Xa
monitored by thrombin beacon. (1) Detection of hrombin in plasma. Data shown are
averages and standard deviation from 4 independent measurements. The volumes of plasma
used {per 20 pl assay mixture) were: 0.005 ud (light grey bars); 0.015 ul (dark grey bars);
0.045 ul (black bars). “Specific” refers to unlabeled thrombin aptamer competitor (THR7)
whereas “nonspecific” refers to random sequence 30 nt DNA, Signal in panels A, Band D
corresponds to a ratio of acceptor to donor emission measured with donor excitation. Signals
were normalized to value of 1 for beacon mixture alone (panels A and 1)) and beacon mixture
in the presence of cell extract (panel B), Panel C shows raw geceptor fluorescence intensity

{with donor excitation).
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[00042) Figure 26 depicts sensor variants.
[600643] Figure 27 depicts the experiments] demonstration of sensor design shown in Fig. 26F. (A)

Principle of sensor Fanction. (B) Increase of sensitized accepior fluvrescence epon titration of
increasing concentrations of DNA binding protein to the mixture of donor and acceptor

labeled sensor coraponents.

{00044] Figare 28 depicts the experirnental demonstration of fomctioning of sensor design shown
in Fig. 26G. {A) Principle of sensor function. (B) Increase of sensitized acceptor fluorescence
{emission spectrum labeled with *37} upon addition of ss DNA containing two distinct
sequence elements complementary to sensot elements to the mixture of two dopor and

acceptor iabeled sensor components (specirun labeled with “-),

{00045] Figure 29 depicts the experimental demonsiration. of the increased specificity of our
sensor design compared 1o assays based on a single, target macromolecule-recognizing
element.

{00046} Figure 39 depicts methods for preparing aptamers for the sensors illustrated in Fig. 26.

[30047] Figure 31 surmmarizes the selection: of the aptamer binding to thrombin at an epitope

distinct from the binding site of the G15D aptamer.

[00048] Figure 32 depicts the demonsiration of the functional thrombin sensor comprising Texas
Red-labeled THR2Z7 and fluorescein-labeled THR3S or THR36, which contain sequence
corresponding to thiat of clones 20-26 of Figure 31, panel C.

[06049] Figure 33 suminarizes the simultaneous selection of two aptamers binding to the thrombin

at two distinet epitopes.

{00050} Figure 34 summarizes the selection of the aptamer binding to CRP protein at a site
distinet from the IDNA binding site of that protein.

DETAILED DESCRIPTION OF THE INVENTION

1000517 Unless defined otherwise, all technical and scientific terms used herein have the same
meaning 33 commounly understood by one of ordinary skill in the art o which this invention
belongs. Although any methods or materials similar or equivalent to those described herein
can be used in the practice or testing of the preseut invention, the preferred methods and
materials are deseribed. For the puzposes of the present invention, the following terms are
defined below.

[60052) The term “aptamer” refers to any polynucleotide, generally a RNA or a DNA thathas a
useful biological activity in terms of bicchemical activity, molecular recognition ot binding

attribuies. Usually, an aptamer has a moleeular activity such as binding o a polypeptide ata
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specific epitope (region) of the polypeptide or having an enzymatic activity. It is generally
accepted that zm aptamer, which is specific in its binding to any polypeptide, may be

synthesized and/or ideatified by in vitro evolution methods.

{00053] The phrase “natural cognate binding element sequence” refers to a nucleotide sequence
that serves as a binding site for a nueleic acid binding factor. Preferably the natural cognate
binding element sequence is a naturally ocourring sequence that is recognized by a nattrally

cceurring nucleotide binding factor.

[06054] The term “molecular-recognition construet” refers to a construct thet contains an “epitope
binding agent™ and can serve as a “molecular beacon”. Preferably, a molecular-recognition
construct also contains & “signaling oligo™ and a "label”. A first molecolarrecognition
construct and a second molecularrecognition construct may be joined together by a “linker”
to form a “bivalent molecular-recognition construct.” “Molecular beacon™ refers to any
chemical-based system for detecting or quantifying the presence of an analyte, polypeptide or
other biomolecules, macromolecular complex comprising a bioniolecudes or a biclogical
coregulator using a measurable read-out system as the detection method. An molecular-
recognition construct or bivalent molecular-recognition construct is 2 particular type of

molecular beacon with improved specificity and sensitivity.

{00035] The term “‘aptamer construct” refers to a construct that contains an apiamer or a natural
cognate binding elernent sequence and can serve as a “molecular beacon”. Preferably, an
aptamer construct also contains a “signaling olige™ and a “label”. A first aptamer consituct
and a second aptamer construct may be joined together by a “linker” to form & “bivalent
aptainier constroct.” An aptamer construet is a subset of molecular-recognition construct. An
aptamer construct or bivalent aptamer constract is also a particular type of molecular beacon

with improved specificity and sensitivity,

[00056] The term ““antibody™ generally means a polypeptide or protein that recognizes and can
bind to an epitope of an antigen. An antibody, as used herein, may be a complete antibody as
vnderstood in the art, i.e., consisting of two heavy chains and two Hght chains; or an anfibody
may be & fragment of a complete antibody, such as a Fab fragment or a peptide comprising a

hypervarisble region.

[06057] The termy “epitope binding agent” refers to any substance that is capable of bindingto a
specific epitope of an antigen, a polypeptide, protein or macromeolecular complex. Non-
limiting examples of epitope binding agents include ligands and fragments of ligands,
receptors and Fagments of receptors, antibodies and fragiments of antibodies, aptamers and

other polynuclestides, coenzymes and other coregulators, and allosteric molecules and ious.

12



(63) JP 2012-115269 A 2012.6.21

WO 25/059509 POT/ISZ004/041315

Preferred epitope binding agents include aptamers, natural cognate binding element

sequences, antibodies and fragments thereof,

(000583 The term “‘epitope” refers generally to a particular region of an antigen, a hapten, a
molecule, a polymer, a prion, a virion, a cell, a peptide, polypeptide, protein, or
macromolecular complex. An epitope may consist of a small peptide derived from 4 larger
polypeptide. Axn epitope may be a two or three dimensional surface or surface feature of 2
polypeptide, protein or macromolecular corplex that comprises several non-contiguous

peptide stretches or amino acid groups.

{0D03597 The term “sipgnaling oligo™ means a short (generally 2 to 13 nucleotides, prefersbly 3 fo 7
aucleotides in length; single stranded polynuclectide. Preferably, a first signaling oligo
sequence is complementary fo the second signaling olign. Preferably, the first signaling oligo
amd the second signaling oligo can not form a stable association with each other through
hydrogen bonding umless the first and second signaling oligos are brought into close

proximity to each other through the mediation of a third party agent.

[000607 As used herein, the term "linker" or "linker molecule" refers to any polymer attacked to
an aptamer or aptamer construct. The attachment may be covalent or non-covalent. Itis
envisioned that the linker can be a polymer of amino acids or nucleotides. A preferred linker
molecule is flexible and does not interfere with the binding of a nucleie acid binding factor to
the set of nucleic acid components. A preferred linker molecule is comprised of 12 moieties
of the Spacer 18 phosphoramidate (Glen Research, Sterling, VA). Another preferred linker
moiecule is poly dT.

[00061} The phrase “in vitro evolution™ generally means any method of selecting for an aptamer
which binds 10 a biomolecule, particularly a peptide or polypeptide. In vitro evolation is also
known as “in vitro selection”, “SELEX" or “systematic avolution of Hgands by exponential
enrichment.” Briefly, in vitro evolufion involves screening a pool of random polynucleotides
for a particular polynucleotide that binds o a biomaolecule or has a particular activity that is
selectable, Generally, the particular polynucleotide (i.e, aptamer) represents a very small
fraction of the pool, therefore, a round of aptamer amplification, usually via polymerase chain
reaction, is employed to increase the representation of potentially useful aptamers.
Successive rounds of selection and amplification are employed to exponentially increase the
abundance of he particular and useful aptemer. I vitro evolution is described In Fammulok,
M.; Szostak, . W, In Vitro Selection of Specific Ligand Binding Nucleic Acids, Angew.
Chregn, 1992, 104, 1001, (dngew. Chem. Int. Ed. Engl 1992, 31, 979-988.); Famulok, M.;
Szostak, I. W, Selection of Functional RNA and DNA Molecules from Randomized
Sequences, Nuclelie Acids and Molecular Bivlogy, Vol 7, F. Bokstein, 2. M. T. Lilley, Eds.,
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Springer Verlag, Berlin, 1993, pp. 271; Klug, S.; Famulok, M., All you wasnted to know about
SELEX; Mol. Bial. Reports 1994, 20, 97-107; and Burgstaller, P.; Fapulok, M. Synthetic
ribozymes and fhe frst deoxyribozyme; dugew. Chem. 1995, 107, 1303-1306 (dugew. Chem.
Int. Ed. Engl, 1995, 34, 1189.1 192), which are incorporated herein hy reference.

[06062] In the practice of this invexntion, in vitro evolution is used to generate aptamers that bind
to distinet epitopes of any given polypeptide or macromolecular complex. Aptamers are
selected against “substrates”, which contain the epitope of interest. As used herein, a
“substrate” is any molecular entity that containg an epitope to which an aptamer can bind and

that is useful in the selection of an aptamer.

{00063} The term “label”, as used herein, refers to any substance attachable to a polynucleotide,
polypeptide, aptamer, nucleic acid component, or other substrats material, in which the
substances is defectable by a detection method. Non-limiiting examples of labels applicable fo
this invention nclude but are not limited to luntinescent molecules, chemiluminescent
molecules, fluorochromes, fluorescent quenching agents, colored molecules, radicisotopes,
seintillants, massive labels (for detection via mass changes), biotin, avidin, streptavidin,
protein A, protein G, anithodies or fragments thereof, Gib2, polyhistidine, N, Flag tags,
myc tags, heavy metals, enzymes, alkaline phosphatase, peroxidase, luciferase, electron
donors/acceptors, acridinhum esters, and colorimetric substraies. The skilled artisan would
readily recognize other nseful labels that are not mentioned above, which may be employed in

the operation of the present invention,

{00064] As used herein, “detection method” means any method known in the ari to delecta
molecular interaction event, F'he phrase “detectable signal”, as used herein, is essentially
squivalent to “detection method.” Detection methods include detecting changes in mass (e.g..
plasmin resonance), changes in fluorescence (e.g., FRET, FCCS, fluorescence quenching or
increasing fluorescence, fluorescence polarization), enzymatic activity (e.g., depletion of
substrate or formation of & product, such as a detectable dye — NBT-BCIP system of alkaline
phosphatase is an example), ckiamges chemilurninescence or seintiliation (e.g., scintillation
proximity assay, luminescence resonance energy transfer, bicluminescence resonance energy

transfor and the hke).

[G0065] As usad herein, the tenm "analyte™ refors generally to a ligand, chemical moisty,
compound, ion, salt, metal, enzyme, secondary messenger of 2 cellular signal transduction
pathway, dog, nanoparticle, environmentsl contaminant, toxin, fatly acid, stereid, hormone,
carbohydrate, amino acid, pepiide, polypeptide, protein or other amino acid polymer,

microbe, virus or any other agent which is capable of binding to a polypeptids, protein or
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macromolecular complex in such a way as to create an epitope or alter the availability of an

epitope for binding to an aptamer.

{00066] As used berein, the term “macromolecular complex” refers to any compaosition of matier
comprising a macromolecule. Preferably, these are complexes of one or more
macromalecules, such as polypeptides, lipids, carboliydrates, nucleic acids, natural or
artificial polymers and the like, in association with each other. The association may involve
covalent or non-covalent inferactions betwsen components of the macromolecular complex.
Macromolecular complexes may be relatively simple, such as a Hgand bound polypeptide,
relatively complex, such as a lipid raft, or very complex, such as a cell surface, virus, bacteria,
spore and the like . Macromolecular complexes may be biological or non-biclogical in

nature,

[06057] In one embodiment, the invention is directed {o a method of detecting a polypeptide in a
samnple comprising the steps of contacting a sample with a first molecular-recognition
construct and a second molecular-recognition construct, then detecting the stable interaction
of the first and second melecularrecognition consiructs via a detection method, Several
useful molecularrecognition construct combination {sensor) variants are envisioned by the
inventor, which are graphically depicted in figure 26. Panzl A depicts 4 sensor variant
comprising fwo aptamers recognizing two distinet epitopes of a protein. Panel B depicts a
sensor variant comprising a double siranded polynucleotide containing binding site for DNA
binding protein and an. aptamer recognizing a distinct epitope of the protein. Panel C depicis
@ sensor variant comprising an antibody and an aptamer recognizing distinct epitopes of the
protein. Panel D depicis a sensor variant comprising a double stranded polynucleotide
containing a hinding site for a DNA binding protein and an antibody recogmizing a distinet
epitope of the protein. Panel E depicts a sensor variant comprising two antibodies
recognizing two distinct epitopes of the protem. Panel T’ depicts & sensor variant comprising
two double stranded polynucleotide fragments recognizing tweo distinet sites of the protein.
Panel G depicts a sensor variant comprising two single stranded polynucleotide elements
recognizing two disfinet sequence elements of another single siranded polynucleotide, Panel
H depicts a sensor variant that allows for the direct detection of formation of a protein-
polynucleotide complex using a double stranded polynucleotide fragment (containing the
binding site of the protein) labeled with a first signaling oligonucleotide and the protein
labeled with a second signaling oligonuclectide. Panel I depiets a sensor variant that sllows
for the direct detection of the formation of a protein-protein complex using two corresponding

proteins labeled with sigonsling oligonuclectides,

[00068] In a preferred embodiment, the first and second molecular-recognition constructs are

aptamer constructs, such that the first aptamer construct containg an aptamer or & naturaily

15



(66) JP 2012-115269 A 2012.6.21

WO 2005/059509 PCT/US2004/041315

oceurring nucleic acid sequence that recogmizes an epitope on a polypeptide (i.e., the first
epitope) and the second aptamer construct contains an aptarner or a naturally occurring
nucleic acid sequence that recognizes a separate epitope (i.e., the second epitope) on the same
polypeptide (Figure 26, panels A and B). Preferably, the first aptamner construct and the
second aptamer construct each contuin a short single stranded oligonucleotide sequence
(signating oligo} such that the short single stranded oligonucleotide of the first aptamer
comstruct {i.e., first signaling oligo) is coxrmplementary to the short single stranded
oligonucleotide of the second aptamer construct (L.e., second signaling oligo), Without
wishing to be bound by theory, the signaling oligos should be short enough so that they can
not form a stable interaction with each other in the absence of the polypeptide, which is
capable of bringing the two aptamer constructs jogether. Preferably, the signaling oligos are

at least 3 nucleotides long, and no more that 7 nucleotides long,

[(H0069] Preferably, the first aptamer construct contains a first label and the second aptamer
cousiruct contains a second label, such that, in the presence of a polypeptide thai contains the
first epitope and the second epitope, the first and second labels interact to produce a
detectable signal that signifies the presen.ce or amount of polypeptide present in the sample.
Preferably, the first label is a fluorescence donor and the second label is a fluorescence

recipient and the detection method is a detection of a change in fluorescence signal oulput,

[00070] Optionally, the first aptamer construet may be fixed to a surface, the second aptamer
construct may be fixed to a surface, or both may be fixed 1o a surface. (Surfaces can be
microtitre plates, test tubes, beads, resing and other polymers and the like). In a preferred
embodiment, the first aptamer construet and the second aptamer construct may be joined with
each other by a flexible linker to form a bivalent aptamer. Preferred flexible linkers include

Spacer 18 polymers and decxythymiding (“dT™) polyiners.

[00071] In another entbodiment, the first and second aptamers may be used o defect
macromolecular complexss in a sample.  In this emmbodiment, the first epitope is preferably on
one polypeptide and the second epitope is on another polypeptide, such that when a
macromolecular complex is formed, the one and another polypeptides are bought into
proximity, resulting in the stable interaction of the first aptamer construct and the second
aptamer construct to produce a detectable signal, as described above. Also, the first and
second aptamer constructs may be fixed to a surface or to each other via a flexible linker, as

described above.

[00072] In another embodiment, the first and second aplamers may be used to detect analytes in a
sample. In this embodiment, when the analyte is bound to a polypeptide or macromolecular

complex, a first or second epitope fs created or made available to bind to a first or second
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aptamer construct. Thus, when a an analyte is present in a sample that contains its cognate
polypeptide or macromolecalar binding partner, the first aptamer construct and the second
aptamer construct are brought into stable proximity to produce a detectable signal, as
degcribed above. Also, the first and second aptamer constructs may be fixed lo a surface or to

each other via a flexible linker, as described above.

[00073] In another embodiment, the invention is directed to a method of making a set of aptamer
constructs, comprising 2 first and second aptamer construct, comprising the steps of {a)
sclecting a [irst aptamer against a first substrate, which comprises a first epitope, and selecling
a second aptanzer against a second substrate, which comprises a second epitope, wherein the
first aptamer is capable of hinding to the first epitope and the second aptamer is capable of
hinding to the second epitope, (b} attaching a first label to the first aptamer and attaching a
second label to the second aptamer, {c) attaching a first signaling oligo to the first aptamer
and attaching a second signaling oligo to the second aptamer, wherein the second signaling
oligo is complementary o the first signaling oligo, and (d) such that (i) the first aptamer
construct comprises the first aptarmer, the first label and the first signaling oligo, and (ii) the
second aptamer construct comprises the second aptamer, the second fabel and the second
signaling oligo. Preferably, the aptamers are selected using in vitro evolution methods
(supra), however, natural DNA binding elements may be used in the practice of this

invention.

[c0074] In a preferred embodiment, the first substrate is a polypeptide and the second substrate is
the polypeptide bound to the Grst aptamer, wherain the first aptamer masks the first epitope,
such that the first epitope is not available for the second aptamer o bind. Alternatively, the
first aptamer may be replaced by a first aptamer construct that contains (i) the first aptarner
and signaling oligo, or (i)} the first aptamer, signaking oligo and label, thereby producing a
second substrate that allows for the selection of the optimum second aptamer or aptamer
consiruct for signal detection. As a finther step, the first and second aptamer consiructs may
then be joined together by a flexible linker, as described above.

[00075] In an alternate preferred embodiment, the first substrate is a peptide consisting essendally
of the first epitope and the second substrate is a peptide consisting essentially of the second
epitope. Thus, in this alternate embodiment, there is no need to mask an epitope in the
production or selection of aptamers. Again, the first and second aptamer constructs created

Ty this method may be linked together by a flexible linker, as described zbove.

[60076] In another embodiment, the fnvention is directed to 2 bivalent aptamer construct
comprising a first aptamer, a first label, a first signaling oligo, a second aptamer, a second

label, a second signaling oligo and a linker, wherein the Hrst aptamer is capable of binding o
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a first epitope and the second aptamer is capable of biiding fo a second epitope. The first and
second epitopes may be on the same polypeptide, on different polypeptides of a
macromolecular complex, or present on a polypeptide that is bound to an analyte. The
flexible Yinker is prefernbly a polymer that does not interfere with the fiunction of the
aptamers. Prefered flexible linkers include deoxythymridine polymer (poly dT) and Spacer 18
polymer. However, the skilled artisan in the practice of this invention may substitute any

uunber of linkers.

[G0077] Alternatively, the bivalent aptamer construct may not have labels for detection. It is
envisioned that these alternative bivalent aptamer constructs may be used much iike
antibodies to detect molecules, bind molecules, purify moleculss (as in a colunm or pull-down
type of procedure), block molecular interactions, facilitate or stabilize molecular interactions,
or conler passive immmunity to an organism. [t is further envisioned that the bivalent aptamer
consiruct can be used for therapentic purposes. This invention is truly powerful in that it
enables the skilled artisan {0 build any combination of aptamers that recognize any two or
more disparate epitopes form any number of molecules into a bivalent, trivalent, or other
multivalent aptarner construcet to pull together those disparate molecules to test the effect or to
produce a destred therapeutic outcome. For example, a bivalent aptamer construct may be
constructed to facilitate the binding of a ligand to its receptor in a sitvation wherein the
natural binding kinetics of that ligand to the receptor is not favorable (e.g., insulin to insulin

receptor in patients suffering diabetes.)

{00078] In another embodiment, the invention is directed to a kit comprising a first epitope
binding agent, to which is attached a first label, and a second epitops binding agent, to which
is attached a second label, wherein (s} when the first spitope binding agent and the second
epitope binding agent label bind fo a first epitope of a polypeptide and a second epitope of the
polypeptide, respectively, (b) the first label and the second lubel interact to produce a
detectable signal. In a preferred embodiment the epitope binding agent is an aptamer
construct, which comprises an aplamer, a label and = signaling oligo. However, the epitope
binding agent may be an antibody or antibody fragment. The kit is useful in the detection of
polypeptides, analytes or macromolecular complexes, and as such, may be used i research or

medical/veterinary diagnostics applications.

[06079] In yet another emnbodiment, the invention is directed to a method of diagnosing a disease
comprising the steps of (2) obiaining a sample fromn & patient, (b) contacting the sample with a
first epitope binding agent and a second epitope binding agent, and (c) detecting the presence
of a polypeptide, analyte or macromolecular complex in the sample using a detection method,
wherein the presence of the polypeptide, analyte or macromolecular complex in the sampls

indicates whether a disease is present in the patient. In a preferred embodiment, (a) the first
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epitope binding agent is a firet aptamer to which 2 first label and a first signaling oligo are
attached, (b) the second epitope binding agent is & second aptamer to which a second label
and a second signaling oligo, which is complementary to the first signaling oligo, are
attached, and {c) the detection method is a fluerescence detection method, wherein, (d) when
the first aptamer binds to the polypeptide and the second aptamer binds to the polypeptide, ()
the first signaling oligo and the second signaling oligo associate with each other, and (f) the
first label is brought into proximity to the second label such that a change in fluorescence
occurs. Prefered samples include blood, urine, ascites, cells and tissue samples/biopsies.

Prefered patients inciude Inunans, farm animals apd companion animals,

{00080} In yet another emboditoent, the invention is directed to 2 method of screening a sample
for useful reagents comprising the steps of (a) contacting a sample with a first epitope binding
apent and a second epitope binding agent, and (b) detecting the presence of a usefiil reagent in
the sample using a detection method. Preferred reagents include a polypepiide, which
comprises a first epitope and a second epitope, an analyte that binds to a polypeptide (in
which case the method further comprises the step of adding the polypeptide to the screening
miixture) and a potential therapeutic conmposition. In a preferred embodiment, (a) the first
epitope binding agent is a first aptamer to which a first label and a first signaling oligo are
attached, (b) the second epitope binding agent is a second aptamer to which 2 second label
and a second signaling oligo, which is complernentary to the first sigoaling oligo, are
attached, and {c) the detection methed is a fluorescence detection method, wherein, (d) when
the first aptamer binds to the polypeptide and the second apiamer binds to the polypeptids, ()
the first signaling olige and the second signaling olige aissociate with each other, and ([) the
first Jabel is brought into proximity o the second label such that a change in fluorescence

CCCETS.

[00081] Preferred enibodiments of the invention are described in the following examples. Other
embodiments within the scope of the claims herein will be apparent to one skilled in the art
from consideration of the specification or practice of the invention as disclosed herein, Itis
intended that the specitication, together with the examples, be considered exemplary only,
with the scope and spirit of the invention being indicated by the claims, which follow the

exarnples,

EXAMPLE 1: GENHERAL METHOD FOR PREPARING SPECIFIC APTAMER
CONSTRUCTS

Introduction

[00082] Disclosed is 2 method for the rapid and sensitive detection in & sample of proteins, protein

complexes, or analytes that bind to proteins. This method is based on the protein-driven
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association of two nucleic acid constructs condaining aptamers thal recognize two distinet
epitopes of a protein (a.k.a. “aptamer constructs™} (Fig. 1A). These two aptamer constructs
also contain short complementary signaling oligimucleotides attached fo the aptamers through
a flexibie linker. Upon the simultanecus binding of the two aptamers fo the target protein, the
complementary oligonucleotides (ak.a. “signaling cligos™) are brought into relative proximity
which promotes fheir association io form a stable duplex, Attaching fluorescence probes to
the ends of the signaling oligos provides a means of detecting the protein-induced association
of the two aptamer contructs (Fig. 1A). In the case of proteins which possess natural nucleic
acid binding activity, one of the aptamers can be substituted with a nucleic acid sequence

containing the natural binding site of the protein (Fig. 1B).

[00083] Development or selection of aptamers directed to two distinet epitopes of a given protein
is an essential step in developing the aptamer constructs depicted in Fig. 1. Review of the
available Lteratuze on aptarners reveals at least two possible approaches to achieve this goal
The first approach is to perform in vitro selection (a.k.a. in vitro evolution) of nucleic acid
aptamers using different methods for the separation of protein-bound and protein-unbound
nucleic acid aptamers. The rationale here is that in these different partitioning methods
different regions of the protein is preferentially displayed resulting in aptamers directed io
different regions of the protein surface, Aptamers selected to thrombin (infra) are an example

of such an approach.

[00GR4] The in vitro selection of a first aptamer using as a substrate toombin immobilized on
agarose beads resulled in aptamer binding the thrombin at the heparin exosite. Additional in
vitre selection using as 2 substrate the thrombin-first aptamer complex, which was bound to
nitreceliulose as the partitioning method, resulied in second aptamer binding the thrombin at

the fibrinogen exosite.

[60085] White useful, this partiioning approach relies on the chance selection of distinct epitopes
rather than on intelligent design. The second approach is to raise or select the aplamers vusing
as substrates peptides that correspond to selected regions of the target protein molecule.
There is evidence in the art which demonstrates that such strategy can be used to develop
aptamers capable of recognizing the intast protein from which the peptide used as a subsirate
for aptamer development was derived. Furthermore, this approach has been widely used to

generate aptibodies which recognize an intact protein.

[(0086] The general approach for preparing a set of aptamers directed to an epitope of the protein
distinct from the binding site of the first aptamer can be also nsed for proteins that possess

natural DNA binding activity. That is, co-apimners, which bind the substrate protein at a site
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distinet from the natural DNA binding site, can ‘be produced. Co-aptamers produced by this
method are optimized for functioning in the molecular detection method depicted in Fig 1,

Results and Discussion

[00087] Fig. 2 illustrates the overall design of the methods described above, Selection of the co-
aptamer is performed nsing substrate protein pre-bound to the first aptamer (Fig, 2A).
Alernatively, selection of the co-aptamer is performed wpsing protein pre-bound to it's natural
mucleic acid binding site (Fig. 2B). A short (5-7 nt) single-stranded oligonucleotide, ie., the
sighaling olige (Fig, 2), is attached to the first aptamer by a flexible linker. Random DNA (or
RNA} to be used for selection of co-aptamers is flanked by uniform sequences for the purpose
of PCR. amplification, One of these uniform flaxaking sequences contains at its end a sequence
that is complementary to the signaling elige of the first aptamer, i.¢., the other signaling oligo
{Fig. 2}. Thus, the creation and selection of co-aptamets using such a random DINA (or RNA)
construct is biased towards aptamers that are able to bind to the substrate protein at o site
distinet from the epitope of the first aptamer, anad are able to form a duplex between the
signaling oligo of the first aptamer. The degree of the bias in the selection is adjusted by
varyiug the length of the signaling oligo of the first aptamer and complementary signaiing

oligo of the second aptamer.

EXAMPLE 2: METHODS AND APTAMERS FOR DETECTING THROMBIN

Introduction

[00GBE} The inventors of the instant invention: have developed a mothodology for detecting DNA
binding proteins, as described in Heyduk, T. and Heyduk, E. Molecular beacons for detecting
DN A binding proteins. Nasire Biotechnology, 20, 171-176, 2002, Heyduk, E., Knoll, E., and
Heyduk, T. Molecular beacons for detecting DINA binding proteins: mechanism of action,
Aralyt. Biochem. 316, 1-10, 2003, and copending patent applications number 09/928,385,
which issued as U.8. Pat. No. 6,544,746, 10/062,064, PCT/US02/2482.2 and
PCI/UISH3/02157, all of which are incorporated hersin by reference. This methodology is
based on splitting the DNA binding site for a protein into two DNA “half-sites” (Fig. 3A}.
Each of the resulting “halfisifes” contains a short complementary single-siranded region of
the length designed io introduce some propensity for the two DNA “half-sites” to associate
recreating the duplex containing the fully functional cognate protein binding site. This
propensity is designed to be low such that in thie absence of the protein only a small fraction
of DNA haif-sites will associate. When the protein is present in the reaction mixiure, it will

bind only to the duplex containing a full and functional binding site. This selective binding
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drives the association of DNA halfesites and this protein-dependent association can be used to

generate & spectroscopic or other signal reporiing the presence of the target protein.

[0G089} The term “molecular beacons™ is used in the scientific literature to describe this assay i
order to emphasize the fact that the selective recognition and generation of the reporting
signal occur simultaneously. Molecular beacons for DNA binding proteins have been
developed for several proteins (Heyduk and Heyduk, 2002) illusirating their general
applicability. Their physical mechanism of action has been established (Heyduk, Knoll and
Heydul, 2003) and they have been also used as a platform for the assay detecting the
presence of ligands binding to DNA. binding proteins {Heyduk, E., Fei, Y., and Heyduk, T.
Homogenous Auorescence assay for cAMP, Combinatorial Chemistry and High-throughput
Screening 6, 183-194, 2003), While already very useful, this assay is linited to proteins
which exhibit nataral DNA binding activity.

[00090] It has been wel established that nucleic acid (DNA or R2VA) aptamers capable of specific
binding to proteing lacking naturai DNA binding activity can be produced by in vilro
selection methods (Ellington, A.D., and Szostak, LW, In vitro selection of RNA molecules
that bind specific ligands. Namre 346, 81 8-822, 1990; Tuexk, C., and Gold, L. Systematic
evolution of ligands by exponential errichment: RINA ligands to bacteriophage T4 DNA
polymerase. Science 249, 505-510, 1990; Gold, L., Polisky, B., Uhlenbeck, . & Yarus, M.
Diversity of Oligonucleotide Function. Ann, Rev. Biochem. 64, 763-797, 1995; and Wilson,
1.5, & Szostak, LW, In vitro seléction of functional nucleic acids. 4an. Bev. Biochem. 08,
611647, 1999; all of which are incorporated hercin by reference). In vitro selection involves
selection of nueleic acid sequences, which bind fo a specific substrate target, from a pool of
rendom DINA sequences by cyeles of binding, washing out unbound sequences and PCR
smplification of target-hound sequences. Numerous examples of the successful selection of
aptamers that specifically bind to a variety of proteins as well as other target molecules
(Ellington and Szostak, 1990; Tuerk and Gold, 1990; Gold et alia, 1995; Wilson and Szostak,

1999) provide a strong indication that producing aptamers to any and all proteins is possible.

[00091] Described in this example is the novel concept of nucleic acid-based molecular beacons
for protein detection, which is not limited 1o proteins with natural DNA binding activity. The

example of thrambin (infra) provides experimental validation for this invention.

Results and Discussion

[00092] Fig. 3B illustrates the overall concept of molecular beacons recognizing any target
protein. This design shares some general similarities with molecular beacons for DNA
binding proteins described previcusly and supra (Fig. 3A). Instead of splitting the DNA

duplex containing the natural binding site for a protein into the two “hali-sites™, two aptamers
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recognizing two different epitopes of the profein are used as functional equivalents of the
“half-sites”. Short complemeniary oligonucleotides (signaling cligos) containing the
finorophore {first label) and the quencher (second label) are attached to the two aptamers via a
flexible linker (Fig, 3B). In the sbsence of the tazget protein, the two aptamer constructs do
not associate since the complementary signal oliges are {00 short to promote association, In
the presence of the target protein, the preferential binding of the protein fo the two aptamers
should drive the association of the two aptamer constmcts resulting in a fluorescence signal

change due to bringing the first and second labels nto a close proxinity.

[00093] Thrombin was selected as a modsl non-DNA-binding-protein system 1o provide
experimental verification of the concept illustrated in Fig. 3B. Two laboratories have
previously identified DNA, aptamers which selectively recognized two distinet epitopes of the
protein (Bock, L.C., Griffin, 1.C,, Latham, J.A., Vermass, E.H., and Toole, J.J. Selection of
single-stranded DNA molecules that bind and inhibit hwman thrombin, Nefitre 355, 564-566,
1992: and Tasset, .M., Kubik, M.E., and Stemer, W. Oligonucleotide fnhibitors of human
thrombin that bind distinct epitopes, J. Mol. Biol. 272, 688-98, 1997, which are incorperated
herein by reference). One aptamer (G15D; THR4 in Fig. 4) was shown to bind to the heparin
exosite whereas the other aptamer (60-18 [25]; THR3 in Fig. 4) was shown to bind to the
fibrinogen exosite, As a [irsi step towards developing a set of aptamer constructs useful for
recognizing thrombin, we prepared various aptarner constructs i which the above aptamers
were covalently linked by fexible linkers (Fig. 4). The primary purpose of these expetiments
was 1o determine if indeed linking the tweo aptamer constructs with a flexible linker woulkd
produce a bivalent aptamer construct capable of binding thrombin with higher affinity
compared to a set of individual aptamer constructs. A second purpose of these experiments
was to establish a suitable length of the linker and the appropriate orientation of 5° and 3°

ends of the two aptamers with respect fo the linker.

[00094] Individual aptamers were labeled with fluorescein (THR1 and THR2 in Fig. 4) 1o
facilitate determination of the affinity of various constructs for thrombin. Formation ofa
complex hetween farommbin and fluorescein-labeled 60-1 8 [29] aptamer (THRI) could be
conveniently foliowed by fluorescence polarization (Fig. 5A) whereas binding of the
fluorescein-labeled G130 aptamer (THR2) could be followed by changes in fluorescence
intensity {Fig. 5B), Both aptamers bound thrombin in the nanomelar concentration range (Fig.
5A and 5B). Quantitative analysis of the binding in the case of THR2 (Fig. 5C) returmned the
value of K4 of 6.3 nM. This is somewhat of a higher affinity than that previously suggested
{Bock et alia, 1992), which could be explained by the true equilibrium binding assay used by
us v, the non-equilibrium methodology used previously. When the binding of THE2 was
performed in the presence of 10-fold excess of unlabeled 60-18 [25] aptamer (THR3) (Fig,
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503} only a small and insignificant decrease i affinity was observed. This shows that indeed
G15D and 60-18 [29] aptamers bind independently to two distinct epitopes of thrombin.

{00095] I the next step the ability of various aptamer constructs illustrated in Fig. 4 to compete
with THR2 for binding to thrombin was evalpated. Fig. 6 ilhastrates the manner an which
these experiments were performed. Fluorescence spectra of FR2 were recorded in the
presence and absence of thrombin (Fig. 64). Thrembin produced ~50% increase in
fhuorescence of THR2. Unlabeled competitor aptarner construiets were then added (Figs. 6 B-
D). A small effect of thrombin on the Suorescence 0of THR2 din the presence of a competitor
would Be a halkmark of an efficient competitor. THR3 was not a competitor (Fig. 6B) in
agreement with the data shown in Fig. 5 Cand D. THR4 (an unlabeled variant of THRZ2} was
able to compete as expected (Fig. 6C). However, THRY (one of the bivalent aptamer
construcis} was a mmuch better competitor than THR4 (Fig. 6D). No fluorescence change of
THRZ2 in the presence of thrombin was detected when THR7 was present in solution. Fig. 7

shows a summary of the competition experiments with all of the constructs shown in Fig. 4.

00096} All bivalent aptamner constructs were shown to bind to thrombin much tighter (Kq's in pM
range} than individual aptamers, thus providing validation of the expectaiion that linking two
apturaers, which recognize two different epitopes of the protein, with flexible limkers should
produce high-affinity thrombin pgands. Additionally, these data showed that linking two
aptamers by a longer lnker containing 190 Spacer] 8 units produced shightly better affinity for
thrombin (compare binding of THRS vs. THRS). Also, these data showed that orientation of
the aptamers with respect to the linker as in THRY produced better affinity (compare affinity
of THRE vs, THR7). Thus, in all subsequent experiments comstrucis having an aptamer

orientation: as in THR7 were nsed.

£00097] The purpose of experiments shown in Fig, 8 wus to demonstrate that both epitopes of
thrombin are important for high affinity binding of bivalent aptamer constructs. Direct
cormpetition between binding of THR2 and the bivalent aptamer consiruel provided evidence
that the epitope recognized by THR2 (heparin exosite) was necessary for bivalent aptamer
binding. To demonstrate that the second epitope was also nportant, we compared the ability
of a bivalent aptamer construct {THRS) (o compete with THR2 for binding to thrombin in the
absence and presence of excess of unlabeled THR3. We expected that if THRS needs both
thrombin epitopes for high-affinity binding, in the presence of THR3 one should observe
diminished ebility of THRS to corapete with THR2. This is exactly what has been observed in
cxperiments illustrated in Fig. 8. THRS alone was a very effective competitor for THR2.
{compare Fig. 8D with 8A). THR3 slone was not a competitor for THR2 (compare Fig. BA.
and ). THRS in the presence of THR3 was a worse competitor than THRS alone (compare
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Fig. 8B with §C). We therefore concluded that high-affinity binding of the bivalent aptamer

constructs to thrombin involves both first and second aptamer epitopes.

£00098] The bivalent aptamer construct-thrombin complex was stable enough to survive
glectrophoresis in native polyacrylamide gel (Fig. 9A). We took advantage of this attribute to
determine the stoichiometry of the compiex using EMSA to follow THR7-thrombin complex
formation. We performed a titration: of THRY with thrombin at high concentrations of both
molecules. Under these conditions, the binding should be stoichiometric. The plot of the
complex formed vs. the ratio of thrombin to THRY did in fact show a 1:1 stoichiometry of the

complex (Fig. 9B).

[00099] The experiments illustrated in Fig. 10 and 11 were performed fo test if an alternative
design of bivalent aptamer constructs could be used to prepare these constructs, We designed
bivalent aptamer construets shown in Fig. 10 such that they were made entirely of DNA,
avoiding the use of non-DNA linker (poly dT was used as the linker in this case) (Fig. 10},
This could potentially offer more flexibility in designing such constructs and could aiso lower
the cost of making the aptamer constructs. Two aplamners were joined together by a DNA
duplex at the end of flexible inkers (Fig. 10). This aspect of the invention was intended to
mimic the design of sipnaling “beacons” (Fig. 3B) in which the signaling finction involves
formation of a DNA duplex at the end of the linkers connecting the aptamers fo the duplex. J
Three different lengths of the poly dT linker were tested (7, 17 and 27 nt) to determine the
nrmirnal linker length requirement for high-affinity binding. Fig. 11 shows the results of
simultaneous titration of the constmcts shown in Fig, 10 with thrombin, Formation of
aptamer construct-thrombin complexes was followed by EMSA. Fach of the constructs bound
thrombin with high affinity. However, it is clear that the construet with 7 nt poly dT linker
had significantly lower affinity to throrﬁbm compared to construets with 17 and 27 nt linkers.
This is best illustrated by inspecting a lane marked with the asterisk which shows that at this
particular concentration of thrombin almost all of 17 and 27 nt poly dT linker construets were
bound by thrombin whereas a sigrificant (~30%) fraction of the 7 nt poly dT construct
rerained unbound. In susmmary, the results described in Figs. 10 and 11 show that the
alternative design of bivalent aptamer constructs Hlustrated in Fig. 10 is feasible and that at
least 17 nt fong pely dT linker connecting the aptamers with the DNA duplex is more optimal

for binding of the constructs to thrombin.

[000106] The experimental data presented in Figs. 3-11 provided evidence that all necessary
conditions for the signaling beacon shown in Fig. 3B fo function were met in the case of
thrombin and the two aptamers binding to two distinet region of thrombin. Based on the
information provided by the experiments illustrated in Figs. 3-11, we designed and tested a

thrombin signaling beacon. The beacon shown in Fig. 12A and B is a derivative of
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THR16/THR17 bivalent aptamer construct. Aptamers were comnected using 17 nt long poly
&7 linker to 7 nt complementary oligonucleotides {signaling oligos) labsled at 57 and 37 with
fluorescein and dabeyl, respectively. Addition of thrombin to a mixtwre of THR.S and THR9
resulled in protein-dependent quenching of fluorescence intensity. No fluoresconce change
was observed upon addition of firombin to THRS in the absence of dabeyl-labeled partner
(FHRS). Clearly, these data show that indeed the expected firombin-driven association
petween THRS and THRS (as illustrated in Fig. 12B) was observed and & functional thrombin
signaling beacon was thus obtained.

[000101] The magnitude of the fluorescence change induced by thrombin, while very reproducible
and specific, initially was not very large {~ 20%). We therefore sought to improve this
property of the thrombin signaling beacon by replacing the poly dT linkers with the more
flexible Spacer 18 linker (Fig. 13A&B). We reasoned that poly dT linkers, while fiexible,
exhibit some residual rigidity (Mills, J.B., Vacano, E., and Hagerman, P.J. Flexibility of
single-stranded DNA: use of gapped duplex helices (o determine the persistence lengths of
poly(dT) and poly(dA), J. Mol Biol. 285, 245-57, 1999; which is incorporated herein by
reference), which could impede the association of the signaling doplex when thee two aptamers
aro bound to thrombin, The beacon shown in Fig. 13 differs only i the nature of the linkers
from the beacon shown in Fig. 12. The remaining sequence is otherwise [dentical. Fig. 13 C
shows that upon addition of thrombin te a mixiure of THR20 and THRZ1, protein
conceniration-dependent quenching of fluorescence was observed whereas no Change of
fluorescence was detected when thrombin was added to THR21 alone. Response of the
beacon to thrombin in the case of this parficular beacon was much larger (2 ~ 2 -fold decrease
in fluorescence). The degres of flucrescence signal change in this case was cornparable to
what we had previously observed with beacons for detecting DNA binding proteins {supra).
We concluded thus that a functional thrombin beacon was obiained and that the design
utilizing a more flexible Spacer18 linker resulted in a better signal change npon thrombin
hinding compared to the design with poly d7T linker, We next conducted a series of

experiments to further characterize the behavior of this hrombin beacon.

[000102] The experiment illusirated in Fig, 14 was conducted to provide confirmation that indeed
the fluorescein-labeled aptamer construct {THIR21) was incorporated info a stable complex i
the presence of THR20 and thrombin. Fig 15 shows the results, which illustrates the
sensitivity of throrubin detection (Fig. 15A) and specificity of thrombin detection (Fig. 15B).
Because the binding of thrombin to bivalent aptmmer constructs was extremely tight (pM
K4°8), and since the assay appears to be Hinited only by the sensitivity of detection of
fluorescein signal, the sensitivity of thrombin detection could be menipulated by changing the

concentration of the apfamer constructs. This is Hustrated in Fig. 15 A where using 56 nM
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THR2] and 75 nM THR2ZS, ~ 10 aM of thrombin could be detected whereas, when 10 fold
smaller concentrations of aptamer consiructs were used (5 nb THR21 and 7.5 tM THR20), a
10 fold lower {(~ 1nM) concentration of thrombin could be detected. Using even lower
aptamer contruct concentrations (500 pM THR21 and 750 pM THR22), ~ 109 pM thrombin
could be detected (not shown), but this low concentration of fluorescein-labeled aptamer
construct is close to the limits of sensitivity of cur instrumentation and the quality of the data
was concormitantly decreased. To demonstrate the specificity of thrombin det,éction, we
compazed the response of the aptamer constucts to thrombin with the response to trypsin, a
protease belonging to the same family as thrombin and sharing structural homeologies with
thromnbin, No signal was detected vpon addition of trypsin (Fig. 15B), indicating a high
specificity of the aptamer construets for thrombin.

[000103} Fig. 16 shows the results of cornpetition experiments, in which the ability of various
apiarner constructs to dissociate the preformed thrombin-aptamer construct complex was
tesied. The data obtained showed that all bivalent aptamer ¢onstruets were by far much more
efficient competitors than any of the individual epitope-specific aptamners, in agreement with
similar experiments parformed with fluorescein-labeled individual aptamer (supra, THR2;
Fig. 6). Among the bivalent aptamer constructs, THRI8/THRIY {a construct with 27 nt long
poly dT linker) and THR16/THR1I7 (a construct with 17 nt long poly d7T linker) were the most
efficient competitors followed by THR14/FHR15 (a construct with 7 nt poly dT linker) and
THR7 {(which has a Spacer18 linker). It appears this that althongh additional fexibility of
Spacerl§ linkers was beneficial in terms of the magnitude of fluorescence signal change
produced by the aptamer construct signal changs, it also resulted in somewhat reduced
affinity for binding thrombin in compazison with the constructs containing more rigid poly 4T

linkers,

Conclugions

[600104] We obtajned data provided basic physicechemical characicrization of the bivalent
aptamer constructs containing two aptamers recogmizing two different epitopes of thrombin.
"The bivalent constructs exhibited mouch higher affinity for thrombin than the individual
aptamers-components of the bivalent construct. This suggested thai addition of thrombin to a
mixture of aptamers “half-sites” should induce association of the two “half-sites” generating
flnorescence signal as & result of bringing the fluorophore and the quencher to close
proximity, Expetiments with beacon constructs fully validated this prediction. We expect that
it will be possible to develop analogous beacons for a large number of target proteing. We
also note that the beacon design described here can be also adopted to improve beacons for

detecting proteins exhibiting natural DNA binding activity (Fig. 1 A), In this case one of the
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aptamers “half-sites” can be replaced with the DNA duplex (containing the protein binding

site sequence) cormected to sigualing complementary oligonucleotide via flexible liuker.

EXAMPLE 3: ANALYTE DETECTION IN A SAMPLE
Materials

[600105] Purified thrombin was a gift from Dr. Ray Rezaie (St Louis University). Factor Xa,
prothrombin, ovalbumin, bovine sernn afbumin, S8B, trypsin and plasma were purchased
from Sigmma (St. Louis, MO). HeLa cellular extracts were from ProteinOne (College Park,
M), Texas Red-NHS and Sybr Green were from Molecular Probes (Bugene, OR}, Cy5-NES
and Cy3-NHS were from Amersham Biosciences (Piscataway, NJ), and AMCA-sulfoNTIS
was from Pierce (Rockford, IL). Al other teagents were commercially available analytical
grade.

[000106] Oligonucleotide construets used throughout this work are listed in Table 1.
Oligonucleotides were oblained from Keck Oligonucleotide Synthesis Facility at Yale
University or from IDT (Coralville, TA). 5° fluorescein and 3’ dabeyl were incorporated using
appropriate phosphoramidates during oligonuclecide synthesis. All other fluorophores were
incorporzied into oligonucleotides by post-synthetic medification of ohigonucleotides
containing 5° anino or C6 amino-dT at appriopriate posilions with NHS esters of the dyes.
Oligomuciectides labeled with fluorescence probes were purificd by reverse-phase HPLC as
described previously (Heyduk, E.; Heyduk, T. dnal. Biochem. 1997, 248, 216-227).
Modification of oligonucleotides with europium chelste (B’ yDTPA-AMCA) was
performed by a twe-step procedure described in Heydak, E.; Heyduk, T.; Claus, P;
Wisniewsld, LR, J Biol Chem. 1997, 272, 19763-19770. Concentrations of all
oligonucieatides were calculated from UV absorbance at 260 nm after correction for the

contribution of the flucrophore absorbance at 260 nm.

Table 1
Construct Sequence Seguence Description
Tdentifier
THR1 5 Fluorescein AGT CCG SEQ 1D NG:1 60-18 [29]" aptarmer
TGG TAG GGC AGG labeled with
TTG GGG TGA CT fluorescein
THR2 3* Fluorescein GGT TGG SEQ IDNO:2 G15D° aplamer
TGT GGT TGG labeled with
fluorescein
THR3 AGT CCG TGG TAG SEQ ID NO:3 60-18 [29] aptamer
GGC AGG TTG GGG
TGACT
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THR4 GGT TGG TGT GGT TGG  SBEQ ID NO4 (G150 aptamer
THRS AGT CCG TGG TAG SEQ ID NO:S 60-18 [29] aptamer
GGC AGG TTG GGG commected to GISD
TGA CT (Spacerl8)s GG aptamer via 5
TTG GTG TGG TTG G Spacer18 linkers
THRG AGT CCGTGG TAG SEQ D NO:6 60-18 [29] aptameer
GGC AGG TTG GGG commected to GISD
TGA CT (Spacerl 8 GOT aptamer via 10
TGG TGT GGT TGG Spacerl8 linkers
THR7 GGT TGG TGT GGT TGG  SEQ ID NO:7 G15D aptamer
(Spacer18); AGTCC GTG connected to 60-18
GTA GGG CAG GTT [29] aptamer via 10
GGG GG ACT Spacerl§ linkers
THR2ZG GGT TGG TGT GGTTGG  SEQID NO:16 G15D aptamer
(Spacerl8)s CGCA TCT commected via 5
3'dabeyl Spacerl8 linkers to 7
nt “signaling”
oligomacleotide
labeled with dabeyl at
3 end
THR21 5 fluorescein AGA TGC G SEQ ID NO:17 7 nt “signaling”
{Spacerl8)s AGT CCG oligonucieotide
TGG TAG GGC AGG labeled at 57 with
TTG GGG TGA CT fluorescein commected
to 60-18 [29] aptamer
via 3 Spacerl 8
linkers
THR2Y GGT TGG TGT GGTTGG  SEQ IDNO:18 G15D aptamer
(Spacer1B)s (C6 amino-dT) comnecled via 3
CGCATCY Spacer!8 linkers to 7
nt “signaling”™
oligonuclectide
containing amino-dT
(near its 5° end)
THR28 5'amino AGA TGC G SEQ ID NO:19 7 nt “signaling’
(Spacerl8)s AGT CCGQ oligonuclectide
TGG TAG GGC AGG containing 5° amino
TG GGG TGA CT connected to 60-18
[29] aptamer via 5
Spacerl$ linkers
THR}I CTG TCG TTA GTG AAG  SEGIDNG:20 Construct containing
GTFY NNN NNN NNN 33 nt random DINA
NNN NNN NNN NNN sequence for
NNN NNN NNN NNN thrombin aptamer
AACGCCATA TCA selection
CAG ACG
THRI12 5 fluorescein CTG TCG SEQ D NO:21 Primer! for THR11
TTA GTG AAG GTT
THR13 5' bictin CGT CTG TGA SEQ ID NO:22 Primer2 for THR11
TAT GGC GIT
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THR2Z GGT TGG TGT GGT TGG  SEQ ID NO:23 Co-aptamer for
{8paverl8); GA CAG thrombin aptamesr
selection
THR25 GGT TGG TGT GGT TGG  SEQIDNQ:24 Co-aptamer for
{Spacer18)s AC GA CAG thrombin aptamer
selection
THR29 GAACGAGAGTGC SEQ ID NO:25 58 DNA sensor
XXXXX amine CGCA component
TCT
THR32 5 fluorescein AGA TGC G SEQIDNO:26 ss IDNA sensor
R 9.9.0.0.4 component
TTGAACTGGACC
THR33 GGTCCAGTTCAATT SEQ ID NO:27 target ss DNA for ss
GCACTCTCGTTIC DNA sensor
TEHRA42 GGTTGG TGT GGT TGG  SEQ ID NO:28 co-aptamer for
XX XXX AACGACAG thrombin aptamer
selection
THR43 CTG TCG TT {Spacer18)s  SEQ ID NO:29 Construct containing
TTGAGTCAGCGTCGAG 33 nt random DINA
CA NNN NNN NNN sequence for
NN NN NINN NNN thrombin aptamesr
NINNNNN NNN NNN selection
TTC ACT GTG CTG CGG
CTA
THRA44 5* fluorescein CTG TCG SEQ IDNGC:30 Prmeri for THR43
TT (Spacerl®)s TTG AGT
CAG CGT CGA GCA
THR45 5’biotin SEQID NG:31 Primer2 for THRA43
TAGCCGCAGCACAGTG
AA
THRA4S CACCTGATCGCTCCTC  SEQID NO:32 Consiruct containing
GT NNN NNN NNN NNN 30 nt random DNA
NINN NNN NNN NNN sequence for
NNN NNN CAG GAT simultanecus
GCA CAG GCA CAA selection of two
thrombin aptamers
THRS0 AGCCGCCATTCCATAG BEQIDN(:33 Construct containing
TG NNN NNIN NNN NNN 30 nt random DINA
NN NINN NNN NNN sequence for
NNN NNN CAG GAT simultansous
GCC GAT CAG GTG selection of two
thrombin aplamers
THRS1 5 fluorescein CAC CTG SEQIDNG:34 Primer] for THR49
ATC GCT CCT CGT
THRS52 Sbiotin TTG TGC CTG SEQ ID NO:35 Primer? for THR49
TGC ATC CTG
THRS53 57 fhaorescein-AGC CGC SEQ ID NC:36 Primer3 for THR50
CAT TCC ATA GTG
THR54 5"biotin CAC CTG ATC SEQ ID NO:37 Primerd for THRS0
GGC ATC CTG
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THR3S 5 fluorescein AGA TGC G SEQ D NO:38 Thrombin sensox
{Spacerl8)s AG GTT GGG component
GGT ACT AGG TAT CAA
TGG GTA GGG TGG TGT
AACGC
THR36 5 fluorescein AGA TGC G SEQ IDNO:39 Thrombin seasor
{Spacer18)s A GTG AAG component
GTT GGG GGT ACT
AGG TAT CAA TGG
GTA GGG TGG TGT
AACGCCATAT
AACGCA ATA AAT SEQ ID NO:40 co-aptamer for CRP
MIS10X3 GTG AAG TAG ATC aptamer seleciion
ACATIT TAGGCACC
(Spacer18)s GA TGGCT
MIS1Z AGCCA TCTA ACT SEQ D NO:41 Construct containing
ATTCCC NNN NNN 33 nt random DNA
NNN NNN NNN NNN sequetice for CRP
NNN NNN NNN NNN aptamer selection
NNN GAG CGA GAA
ATT CTA GGT
MISLL GOGT GCC TAA AAT GG SEQ ID NO:42 Complement to
ATCTACTICACATTET MIS10X3
ATTGCGTT
MIS13 5-fluorescein - AGC CAT  SEQ ID N(O:43 Primerl for
CTA ACT ATT CCC MIS10X3
MISt4 S biotin- ACC TAG AAT  SEQ IDNO:44 Primer2 for
TTC TCG CTC MIS1033

[000107]

Fluorescence measurerments

I fluorescence measurements were performed 50 mM Tris (pH 7.5), 100 mM
NaCl, 5 mM KL, 1 mM MgCls. Fluorescence apecira were recordad on Aminco Bowman
Series 2 spectroflucrometer (Spectronic Instrurnents, Rochester, NY). Spectra were corrected
for buffer and instrument response. Fluorescence in microplates was read with Tecan Spectra
FluorPlus microplate reader (Research Triangle Park, NC). Alternatively, nsicroplates were
imaged on Molecular Imager FX (BioRad, Hercules, CA) and fleorescence intensity was
determined by integrating the areas of images corresponding to individual wells using
QuantityOne software (BioRad), Experiments in 96-well plates and 384-well plates were
conducted in 100 pl and 20 pl volume, respectively. Depending on particular instrumentation,
stightly different beacon signal changes are recorded due to different buffer background
repdings with different instruments (depending on the sensitivity of the infrumentation) and

different wavelengths of excitation and emission available with each instrument.
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[000108] Time-resolved fluorescence in the case of europium chelate — Cy5 labeled beacons was
recorded on a laboratory-built instrumentstion (Fleyduk, T.; Heyduk, E. dnalytical
Biochenistry 2001, 286, 60-67) which employed pulsed nitrogen laser as the excilation

source. Finission was integrated for 100 ps with 30 ussc delay after laser pulse.

Competition assav to determine thrombin aptamer dissociation constants.

{000109} Fluorescence imtensity of THR2 in the presence and absence of the competitor was
determined. Concentration of thrombin, THR2, and the competifor (when present} were 130
M, 200 nM, and 200 nM, respectively. Under these conditions, binding of aptamers to
thrombin was essentiaily stoichiometric. Previously described method (Matlock, D.L.;
Heyduk, T. Biochemistry 2000, 39, 12274-12283) was used to calculate the ratic of the

dissociation constant for THR2 to that of the competitor under these experimental conditions.

Thrombin aptamer binding by electrophoretic mobility shift analvsis (EMSA).

[000110) Five microliter samples of 417 nM THRT were incubated with various amownts of
throrbin (0 to 833 nM). After 15 min incubation, 1 pl of 30% Ficoll were added and the
samples were run on a 10% polyacrylamide gel in TBE buffer. After the run the gel was
stained for 30 min with Sybr Green and the image of the gel was obtained using Molecular
Imager FX (BioRad). Intensity of the bands in the gel was determined by integrating the areas
of image corresponding to individual bands using QuemtityOne software (BioRad),

Desien of aptamer-based molecular beacons

[0e6111] Fig. 178 iHlustrates the overall concept of molecular beacons for proteins lacking natural
sequence-specific DNA binding activity. This design shares some general similarities with
molecular heacons for DNA binding proteins described previously by inventor (Heyduk, T.;
Heyduk, E. Nature Biotechnology 2002, 20, 171-175; Heyduk, E.; Kuoll, E.; Heyduk, T.
Amalyt, Biochem. 2003, 316, 1-10; Knoll, E.; Heyduk, T, Anaby. Chem. 2004, 76, 1156-1164;
Heyduk, E.; Fei, Y.; Heyduk, T. Combinatorial Chemistry and High-throughput Screening
2803, 6, 183-194), (Fig. 17A). Instead of splitting the DNA duplex containing the natural
binding site for a protein into the two “half-sjtes”, two aptamers recognizing two
nonoverlapping epitopes of the protein are used as fonctional equivalents of the “halfsites”.
Shoert complementary “signaling” oligonucleotides containing the fluorophore and the
quencher are attached to the two aptamers via flexible linkers (Fig. 17B). In the absence of the
target prolein the two-aptamer “half-sites” can not associate sinee the complementary
eligonucleotides are too short to promote efficient annealing. Binding of the aptamer “half-

sites™ to the target protein brings the two “signaling” oligommcleotides to relative proximity
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increasing their local concenirations. This results in the annealing of the “signaling”
oligonucleatides, which brings the fluorophore and the quencher to close proximity resuliing

in a change of flucrescence signal.

Properties of bivalent thrombin aptamers

{060112] We used thrombin ss a model system to provide “proof-ofiprinciple” verification of the
concept 1llustrated in Fig. 178, Throsmbin is a proteolylic enzyme involved in blood clotting
cascade and naturally does not bind to DNA or RNA. Two laboratories have previously
developed TINA aptamers, which selectively recognized two distinct epitopes of the protein
(Bock, 1..C.; Griffin, 1..C.; Latham, LA ; Vermass, EH.; Toole, J.J. Nature 1592, 355, 564
566, Tasset, DM, ; Kubik, M.F.; Steiner, W. J. Mol. Bioi. 1997, 272, 688-698). One aptamer
(G15D; THR4, Table 1) was shown to bind to the heparin-binding exosite (Bock, 1992}
whereas the other (60-18 [291; THR3, Table 1) was shown to bind to fibrinogen-binding
exosite (Tasset 1997). As a first step towards developing a beacon recognizing thrombin, we
have prepared various aptamer constructs in which the above aptamers were covalently linked
by flexible linkers, The primary purpose of these experiments was to deternine if linking the
two aptatiers recognizing two distinet epitopes on protein surface with a flexible Hnker would
produce a bivalent aptamer capable of binding the protein with higher affinity compared to
individual aptamers. . This property of such bivalent aptamer constructs is an essential
condition necessary for the assay illustrated in Fig. 178 to work, It was essential to
experimentally address this question since it is impossible to predict the effect of long Hexible
linkers on the affinity of these bivalent constructs. A second purpose of these experiments
was to establish a suitable length of the linker and the appropriate oriengation of §° and 3°

ends of the two aptamers with respect to the linker.

[0043113] Individual apiamers were labeled with fluorescein (THR1 (Table 1}, specific for
fibrinogen-binding exosite, and THR2 (Table 1}, specific for heparin-binding exosite) to
facilitate determination of the affinity of various constructs for thrombin, Formation of &
complex beteveen thrombin and fAluorescein-labeled 60-18 [29] aptamer (THR1) could be
conveniently followed by fluorescence polarization (not shown) whereas binding of the
fluorescein-labeled G15D aptamer (THRZ2) could be followed by changes in fluorescence
intensity (Fig. 18A). Both aptamers bound thrombin in nanomelar concentration range {data
not shown for THR1 and Fig. 18A). Quantitative analysig of the binding in the case of THR2
(Fig. 1§A) returned the value of Ka of 6.3 nM. This is somewhat higher affinity then
previcusly snggested (Bock 1992, Tasset 1997) which is probably because we used a true
equilibrium-binding assay whereas non-equilibrivm methodology was used previously. When
the binding of THR2 was performed in 10x excess of unlabeled 60-18 [29] aptamer (THR3)
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(Fig. 158} only a small, insignificant decrease in affinity was observed (K, was 17.7 nM).
This confirmed that, as reported previously, G15D and 60-18 [29] aptamers bound

independentty to two distinct epitopes of thrombin.

[000114] In the next step, the ability of various aptamer constructs to compete with THR2 for
binding to thrombin was evaluated. Fluorescence intensity change of THR2 upon addition of
thrombin in the presence and absence of the competitor was measured and the amount of
THR2 bound to thrombin in fhe presence of the competitor was calculated as described in
Materials and Methods. No aptamer-apiamer interactions could be detected by fluorescence
polarization assay (ot shown) at aptamer concentrations used in these experiments indicating
that the competition data comrectly reported on the relative affinity of THR2 and the
competitor for binding to thrombin. THR3 was not a competitor (Fig. 18C) in agreement with
the data shown in Tig. 18 A and B. THR4 (unlabeled variant of THR2), as expected, was able
to compete (Fig. 15C), Quantitative analysis of the competition in this case showed that
THRA bound thrombin 1.7 times betier then THR2 indicating that lebeling this aptamer with
fivorescein had small (insignificant) negative effect on aptamcr binding fo thrombin. Itis
obvious that ali of the bivalent aptamer constructs wete by far better competiiors than THR4
(Pig. 18C). THR7 appearsd to be the best competitor, essentially completely blocking THR2
binding af 1:1 ratio. Quantitative analysis of the competition in this case revealed that THRY
bound fhrogibin at least 65 fold tighter then THRZ (estimated Ky for THR7? was < 97 pM}.
The data shewn in Fig, 18C confirmed the expectation that linking two aptamers recognizing
twe different epitopes of the protein with flexible linkers would produce high-affinity
thrombin ligands. Additionally, these data showed that linking the two aptamers by a longer
linker (containing 10 Spacer]8 units vs. 5 Spacer!8) produced slightly better affinity for
thrombin {compare binding of THRS vs. THR&). Also, these data showed that orientation of
the aptamers with respect 1o the linker as in THR7 produced better affinity {compars affinity
of THR6 ve. THR7). Thus, in aH subsequent consfruets, aptamer orientation as in THR7 was

used,

[00G115] The complex betwaen the bivalent aptamer construet (TER7) and thrombin was stable
enough to survive electrophoresis in native polyacrylamide gel (Fig. 18D} We took
advantage of this observation and determined stoichiometry of the complex using
electrophoretic mobility shift assay (EMSA) (Fried, M. G.; Crothers, D. M. Nucleic Acid Res.
1981, 9, 6505-6525) to follow THR7-thrombin complex formation. We parformed a titration
of THR7 with thrombin at high concentrations of both molecules. Under these conditions the
binding should be stoichiometric. The plot of the complex formed vs. the ratio of thrombin to
THR7 indicated 1:1 stoichiometry of the complex (Fig. 18D} consistent with the notion that
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hoth aptamers — components of TITR7 - bind to their respective epitopes in THR7-thrombin

complex.

Arptamer-based molecnlar beacon detecting thrombin

[000116] Experimental data described above provided ovidence that all necessary conditions for
suceessiul implementstior: of the design of the signaling beacon shown in Fig. 178 were met.
Based on these data we have designed thrombin beacon illusirated in Fig. 19A. Thrombin
aptezners were connected using 5 Spaceri8 linkers to & 7 nucleotide ("nt”) complementary
oligonucleotides labeled at 5 and 3’ with fluorescein and dabeyl, respectively. Mixiure of
these two constructs bound thrombin much more tightly (~ 36 times) compured o individual
aplarners (Fig. 18C} in agrepment with high affinity thrombin binding observed for bivalent
aptamer constructs in which the two aptamers were permanently linked with a flexible linker.
Addition of thrombin o a mixture of fiworochrome and quencher-labeled THR20 and THR21
resnited in protein concentration-dependent quenching of fluorescence intensity (Fig. 19C).
Maximwn quenching observed was ~ 40%. No fluorescerce change was observed (Fig. 19C)
upon addition of thrombin o THR21 in the absence of dabeyi-labeled parmer (THR2)
indicating that fluorescence quenching oceurred due to protein-induced increased proximity
of signaling oligomucleatides resulting in their annealing as itustrated in Fig. 19B. At
nanomolar cencentrations of the beacon components and thrombin ~ 15 min of incubation
was sufficient to produce maximal response of the beacon. We have also tested thrombin
beacons analogous to one shown in Fig. 19 but in which 17 nt poly &T linkers were used in
place of Spacer18 Enkers. While thromibin-dependent quenching of fluorescence was
ohserved, the quenching was ~ 2 times simatler than with the construct containing Spacerl8
Linkers. It is likely that poly dT kinkers, while flexible, exhibited some residual rigidity (Mills,
1.B.; Vacano, E.; Hugermen, P.J. J. Mol Biol 1999, 285, 245-257), which perhaps might
impede association of the signaling duplex when the two aptamers are bound to thrombin,
When the beacon shown in Fig. 19 was titrated with trypsin, a proteolytic enzyme structurally
simmilar to thrombin, no change of fluorescence intensity was observed, We concluded that a

functional thrombin beacon according o the design illustrated in Fig. 178 was obtained.

Improvements in beacon performance

[000117] In the next set of experiments, we sought 1o improve the performance of the beacon by
using alternative donor-acceptor label pairs. It has been shown previeusly that in assays
employing FRET as the readout, enhancement of scceptor emission provides potentially
hetter signal to background ratio, higher dynamic range, and better sensitivity (Heyduk, E.;
Knoll, B.; Heyduk, T, Anahi. Biocher. 2003, 316, 1-10). 'We have prepared a series of

thrombin beacon consiructs analogous to the one depicted in Fig. 17B, but in which various
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combinations of fluorescent donor and flucrescent acceptor were incorporated into the
signaling oligonucleotides in place of fluorcscein-dabeyl pair. THR21 (or THR2S iabeled
with appropriate NIIS ester of the dye) and THR27 Jabeled with appropriate WHS ester of the
dye were used to prepare these beacons. Fig. 20 shows fluorescence spectra of beacons
{without and with thrombin additien) labeled with: fluorescein-Texas Red (Fig, 208},
fluoresesin-CyS (Fig, 20C) and Cy3-CyS (Fig. 200). In all cases fanctional beacons were
obtained, In each case of the beacon with fluorescent donor and fluorescent acceptor, a large
thrombin concentration-dependent increase of sensitized acceptor emission was observed
{Fig. 20, insets and Fig. 21 A-I¥). For comparison, Fig. 20A illustrates fluorescence
guenching observed in the presence of thzombin in the case of fluorophore-guencher pair
{fluorescein-dabey?). Fig. 21E illusirates resulis obtained with europinm chelate-Cy5 donor-
aceeplor pair which allowed the use of time-resoived FRET (TR-FRET) as a detection
method (Selvin, P.R.; Rana, T.M.; Hearst, L.E. J. Am. Chem. Soc. 1994, 116, 6025-6030;
Selvin, P.R.; Hearst, I.E. Proec. Nail. Acad. Sci /54 1994, 91, 10024-10028; Matthis, G.
Clinic. Chem. 1995, 41, 1391-1397). With TR-FRET it is possible to eliminate background
due to light scattering and promipt fluorescence of divectly excited acceplor to further improve
signal-to-background ratio of the beacon. Fig. 21F summatizes the performance of beacon
variants with various combinations of donor and acceptor probes. The figure shows the fold
of signal change in the presence of saturating concentrations of thrombin compared to
background signal of the beacon observed in the absence of the protein. This ratio varied from
~ 2 in the case of fluorescein~dabeyl pair to ~ 22 in the case of europium chelate-Cy5 pair.
Thus, a substantial improvement of beacon performance can be cbtained by selecting optimal
donar-aceeptor pair and using sensitized acceptor emssion as the mode of signal detection.
Additional advantage of beacon vatiants with fuorescent donor and flnorescent acceptor is
that thefr responss can be measured by a two-color determination of the ratio of acceptor to
donor signals. Such ratiometric measurement provides more stable signal, which is more
resistant to nonspecific effects due to light absorption, light scattering or fluorescence
quenching caused by additives present in the sample. Increased signal-to-background ratio
obtained with optimized donor-acceptor pairs vesulted in an increased sensitivity of the
beacon. This is illusirated in Fig. 22 which shows responses of three selected beacon variznis
1o low concentrations of thrombin. In the case of fluorescein-dabeyl labeled beacon (the
lowest (~ 2 fold) signal change in the presence of saturating concentration of thrombin),
statistically significant signal change could only be detected at the highest thrombin
concentration tested (1 nM). In the case of fluorescein-Texas Red labeled beacon {~ 5 fold
signal change at saturating thrombin concentration), statistically significant signal change
could be detected at Jower thromibin concentration (200 pM). In the case of fluorescein-Cy5

labeled beacon (~ 15 fold signal change at saturating thrombin concentration), statistically
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significant signal change could be deteeted already at the lowest thrombin concentration
tegted (50 pM).

[000118] Fig. 23 illustrates excellent reproducibility and stability of thrombin beacon signal.
Beacon signal was measured at four thrombin concentrations in five independent
measurements. Coefficients of variation were small at each protein concentration tested (Fig.

23A). Beacon signal was stable for at least 24 hours (Fig. 23B).

[600119] Coincidence of three molecular contacts is required to generate a signal with the beacon
iHlustrated in Fig. 178: tweo contacts between each of the aplamers and the protein and the
contact between the two complementary “signaling”™ oligonucleotides. Each of these contacts
provides its own free enerpy contribution to the overall stability of beacon-protein complex.
Pue to exponential relationship between the free energy and equilibrium dissociation constant
of the complex, the overall stability of the complex will be greatly decreased if any of the
above three molecular contacts would be missing. Thus, it is expected that molecular beacons
described kere shoukd exhibit greater specificity of protein detection compared 10 an assay
based on a single molecular contact {for example, a single aptamer-based assay). To ilustrate
this concept we have compared response of a single flvombin aptamer and thrombin beacon
to S8B (Single Stranded DINA binding pretein from £. colf}, a protein exhibiting high
nonspecific affinity for binding ss DNA (data not showi), 38B at nanomolar concentrations
produced a large signal (as measured by fucrescence polarization assay) with the single,
fluorescein-labeled aptamer (THRI1, Table 1). S8B produced the response in a conceniration
range very similar to the concentration of thrormbin required o bind this aptamer. Thus, single
thrombin aptamer exhibited very poor discrimination between S8B and thrombin. In contrast,
exposure of thromibin beacon to nanomelar SSB concentration did not produce any significant
beacon response, while thrombin at the same concentration range produces large beacon
response. Thus, throrabin beacon exhibited excellent discrimination between S8B and

fhrombin illustrating enhanced specificity of the beacon,

[600120] The primary application of the assay design described here will be in homogeneous high-
throughput proiein detection. Zhang et al. Biomol. Screening 1999, 4, 67-73) developed a
simple statistical parameter, which could be used o evaluate assay for the use in a high-
throughput manner, 2’ -factor is caleulated from Jarge mmmber of repeats of the measurement
in the absence and the presence of the protein, Z’ value of 1 indicates au ideal assay, Z° value
of (0.5 to 1 indicates excellent assay. Z° values below (.5 indicate assay not well suited for
high-throughput applications. Z* value for the thrembin bescon was 0.94 (Fig. 24) which
shows fhat it will be an outstanding high-throughput assay.
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Detection of thrombin in complex mixtures

[000121} The next series of experiments addressed the specificity of thrombin beacon
and its ability to detect thrombin in cell extracts and in plasima. Response of the beacon to 1
nM thrombin was not affected by 100 and 1000 fold excess of unrelated protein (ovalbumin,
Fig 25A). Also, 100-fold excess of factor Xa, another clotting protease structurally similar to
thrombin, did not affect beacon response to 1 nM thrombin (FMig. 23A), A 1600-fold excess of
factor Xa attennated slightly the beacon respense but I nM thrombin was still readily
detectable under these conditions (Fig. 25A). Ovalbuamin and factor Xa up to 1 uM
concentration had no effect on beacon signat in the absence of thrombin (Fig. 25A). We

concluded that the beacon was highly selective for thrombin.

[000122) To test if the beacor could detect thrombin in a complex mixture, we spiked HeLa
cellular sxtract with varving amounts of thrombin and determined beacon response to this
mixture (Fig, 25B}. Low nanonwolar concentrations of thronsbin were readily detected, A total
of 8 pg of protein were added to 20 w assay which is within a typical range used in
experiments with cellular extracts. Signal observed upon addition of cell extract could be
completely abrogated by addition of a specific competitor (unlabeled thrombin aptamer)
confinming fhat the observed signal in the cell extract was due to thrombin. One difficulty
we've encountered working with cellular extracts was the degradation of oligonueleotides —
components of the assay — by nucleases present in cellular extracts. We have tesied various
buffer additives to find conditions in which thrombin beacon would remain stable in the
presence of cell extracts for sufficiently long period of time. We found that addition of high
concendrations of random sequence 30 bp ds DNA (10 uM), high concentrations of 20 nt
random sequence ss DNA. (0.1pM), and 2.5 oM EGTA. protected the thrembin beacon fom
degradation in the prescnce of collular extracts without significantly affecting the response of
the beacon o thrombin, Data shown in Fig, 258 were obtained in the presonse of the above

additives.

(000123} Since thrombin is a plasma protein, we determined if the beacon could be
used to detect the protein in plasma. All of the thrombin in plasma is present in a form of its
precursor, prothrombin, which is converted to thrombin via proieolytic processing by factor
Xa. Prothrombin wag recognized by thrombin beacon albeit with much reduced (=20 fold)
sensitivity compared to thrombin (not shown). This is well illustrated by experiment shown in
Fig. 25C in which sensitized sceeptor ernission of the beacon in the presence of prothwombin
was monitored as a funciion of time, At the point marked by the arrow Factor Xa was added
to the mixture to initiate conversion of prothrombin to thrombin, This conversion resulted in

time-dependent increase of beacon signal consistent with a much higher sensitivity of the
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beacon to thrombin. Thus, in order o detect thrombin in plasma, factor Xa was included in
the assay mixture (Fig. 251)). Adding increasing amounts of plasma resulied in a proportional
increase of beacon signal (Fig. 25D). Addition of plasma produced a response of the beacon
only if factor Xa was present in the assay. Signal observed upon addition of plasma could be
completsly abrogated by addition of a specific competitor (anlabeled thrombin aptamer)
confirming that the observed signal in the cell exiract was due to thrombin. A 5 nL sample of
plasma produced a meagsurable response of the beacon in 20 pi rezction volume. In summary,
the experiments illustrated in Fig. 25 demonstrated functionality of thrombin beacon for

detecting the protein in complex biological mixtures,

Discussion

{000124} . The design of aptamer-based molecular beacons described here is a generalization of the
previously developed by ns molecular beacons for detecting sequence-specific DNA binding
proteins (Fig. 17). Experiments with thrombin as a model protein presented here provided a
proof-of-principle evidence for the feasibility of this design. We believe this design will have
several mportant advantages. Since the design of molecular beacons deseribed here is not
limited to any specific protein, it will be generally applicable to a large mumber of proteins.
Signaling in the presence of the farget protein by our beacon 1equires a cooperative
recognition of two separate epitopes of the protein by two distinet aptamers, This will result
in an enhaneced specificity of the beacon and increased affinily (i.e. seasitivity of detection).
This cooperative action of two aptamers will also allow the use of aptamers with modest
affinity to produce molecular beacons binding to target proteins with high affinity and
specificity. Aptamers - components of the beacon, do not require any engineering of their
siructure to tailor their distribution of conformations to allow “switching”™ between different
states in the presence of the protein. Such engineering could be dependent on a particular
seguence (structure) of the aptamer and, such balancing of the energetics of altermative
conformations of nucleic acids is not necessarily a trivial matter. Since the signaling elements
{(“signaling” oligonucleotides) in the nstant beacon design are separate from is aptaner
components, any aptamer sequence (and structure) should be compatible with our beacon
design. Tt is also unlikely that the addition of the “signaling” oligonucleotides wiil have any
deleterious effect on the affinity and specificity of aptamers — components of the beacon.
Thus, any protein for which it will be pessible to abtain two aptamers recognizing two
distinct epitopes of the protein should be a good wrget for developing molecular beacons

according to scheme in Fig 17,

[006125] Antibodies recognizing distinet epitopes of the profein can be obtained relatively easily.

Similariy, there are no Teasons why aptamers recognizing disiinct epitopes could notbe
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develaped for many target proteins and several examples are already available (Jayasena, 5.D.
Clinical Cham. 1999, 45, 1628-1650). Several approaches towards achieving this goal would
be possible. The first approach would be to perform i vitro selections (SELEX) using
different methods for separation of protein-bound and unbound oligonucleotides. The
rationale here is that in these different partitoning methods different regions of the protein
could be preferentially displayed resulting in aptamers directed to different regions of protein
surface. Aptamers selected to thrombin are an example of such approach {Bock, 1992;
Tasset, 1997}, The second approach could be to raise the aptamers to peptides corresponding
to different regions of the target protein molecule. Experimental evidence exists to show that
such strategy can be used to develop aptamers capable of recopnizing the intact protein from
which the peptide used as a target for aptamer development was derived (Wei, X.; Ellington,
A.D. Proc, Natl. Acad. Sci. USA 1996, 93, 7475-7480). Such approach is widely used to
generate antibodies recognizing proteins. Two aptamers recognizing different epitopes of the
protein can be also produced by a two-siep sequential SELEX in which the second step
involves selecting an aptarper in the presence of saturating concentration of the aptamer
selected in the first step. We have validated this procedure using thrombin as a model system
{Heyduk, E. and Heyduk, T., unpublished}. Finally, we have developed a novel in viire
selection strategy to produce pairs of aptamers specifically designed to function in our
molecular begcon desien (Heyduk, B, Kalucka, J., Kinnear, B., Knoll, E., and Heyduk, T,
ugapublished). Thus, multiple routes to obtain pairs of aptamers recognizing non-overlapping

epitopes of the protein will available.

EXAMPLE 4: SENSOR DESIGN VARIATIONS

{oG0126] Several variations of the instant molecular beacon are applicable in the practice of this
invention. Those variants of the sensor design are depicted in Figure 26 and summarized
herein (supra). The sensor design depicted in Fig. 26F is demonstrated to effectively detect
DNA binding proteins. Upon the fitration of cAMP response element binding protein
(“CRP™), which is an example of a DNA binding protein, to a mixture of donor and acceptor
labeled sensor components, there is a concomitant increase in sensitized acceptor fluorescence

intensity (Figure 27),

f0001271 The sensor design depicted shown in Fig. 26 is demonstrated in Figure 28, Panel A
depicts the principle of the senser function. Upon the addition of single stranded DNA, which
contains two distinct sequence elements that are complementary (¢ elements in the sensor, to
the mixture of two donor and aceeptor labeled sensor components, there is a concomitant
increase in sensitized acceptor flucrescence intensity (Figare 28, B, line with + sign). The
sensor in this particular case contained Texas Red-labeled THR29 and THR32,
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{000128] The increased specificity of the instant molecular beacon sensor design compared to
assays based on a single, target macromolecule-recognizing element was experiinentally
demonstrated (Figure 29). Recognition of the target molecule by the sensor involves
coincidence of three molecular contacts each providing a free energy (AQ) contribution to the
overall stability of the complex. Due to exponential relationship between the free energy and
equilibrivun dissociation constant of the complex, the overall stability of the complex will be
greatly decreased if any of the above three molecular comtacts would be missing resulting in
high specificity of target molecule recognition. A nonspecific single stranded DNA binding
protein{“SSB”) at nanemolar concentrations produced a large siguol (as measured by
fluorescence polarization assay) with the single, fluorescein-labeled aptamer (THR1, Table
1). 9B produced the response i a concentration tange very similar to the concentration of
throtnbin required to bind this aptater. Thus, a single thrombin aptamer exhibited very poor
discrimination betwesn SSB and thrombin, (Panel B) Exposure of the thrombin sensoz ( a
mixture of THR21 {fluorescein-labeled) and Texas Red labeled THR27) 10 nanomolar 85B
coneeniration did not produce any significant beacon response (dashed lines), while thrombin
at the same concentration range produces large beacon response.(Panel C). Thus, the
thrombin beacon exhibited excellent discrimination between SSB and thrombin, illustrating
the enhanced specificity of the beacon.

Methods for preparing aptamers for the variant sensors

[000126] Figure 30 sutnmatizes a method for selecting aptamers useful in the practice of the
invention. Panel A depicts the selection of a second aptamer in the presence of the protein
hound to the first aptamer. A signaling oligo is at the 5°-end of the random-sequenece
confaming constryct and the complementary signaling oligo is attached to the first aptamer
via a long flexible linker. Selection of co-aptamers using this type of randomn DNA. (or RNA)
construct will be biased towards aptamers which are capable of binding to the protein at a site
distinct from the epitope of the first aptamer, and which will function in sensors depicied in
Fig. 26A.

[00G130] An alternative scenaric is depicted in panel B, which describes the simultancous selection
of two aptamers binding two distinet epitopes of the protein. The bars (at the end of primer 1
and primer 4} depict short complementary sequences at the 5°-end and 3"-end of a randorn-
sequence containing the aptamer construets, Selection of aptamers using such random DINA
{or RNA) constructs will be biased towards apiaters that are capsble of binding to the protein
simmuitanecusly at two distinet epitopes of the protein, and which will function in sensors
depicted in Fig. 26A.
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[000131] In vet another alternate emsbodiment, a second aptamer can be selected in the presence of
the protein bound with a double stranded DNA (Figure 30, panel C). The bar depicts the
short sequence {at the 5'-end of the random-sequence containing construct) complementary to
the signaling oligonuclectide attached o the double stranded DNA via a long flexible linker,
Selection of co-apiamers using such a random DNA {or RNA) construct will be biased
towards aplarers (hat are capable of binding to the protein at a site distinet from the double
stranded DNA binding site of the protein and which will function in sensors depicted n Fig,
17B.

000132 In yet another aliernate embodiment, a second aptamer can be selected in the presence of
the protein bound with an antibody at a distinet epitope of the protein(Figure 30, pansi D).
The bar depicts the short sequence (at the 5°-end of the random-sequence containing
construct) complementary to the signaling oligonucleotide attached to the antibody via a long
flexible Hnker, Selection of co-aptamers using such random DNA {or RMA) construct will
be biased towards aptamers which would be able to bind to the protein at a site distinet from

the epitope of antibody and which will function in sensors depicted in Fig. 17C:

[060133] The selaction of an aptamer binding 10 the thrombin at the epitope distinet from the
binding site of G15D aptamer was performed using SELEX procedure starting from a
construct containing 33 nt random sequence {THRI 1} in the presence of the excess of GI5D
aptamer-containing construct (THR22) (Figure 31, panel A). Panel B depicts the thrombin
hinding activily of single stranded DNAs obtained after cach indicated round of selection.
Measurable thrombin binding activity appeared after 4" selection and reached maximum after
12" selection. Binding was measured in the presence of the excess of THR22. DNA obtained
afier 12™ selection was cloned and DINA obtained from the individual clones was sequenced.
Panel C depicts the sequence alignment (using ClustalX) of the individual clones. Clones
obtained from 4 independent selection experiments are shown. These selections were
performed using the following pairs of aptamer constructs and random sequence-containing
constructs: THR2Z and THR 11; THR25 and THR 11; THR4Z and THR1}; THR43 and THR

11, Several families of highly conserved sequences are easily visible in panel C.

[000134] A functional thrombin sensor comprising Texas Red-labeled THR27 and fluorescein-
labelad THR35 or THR34, which contain sequences corresponding to that of clones 20-26
from Fig, 31C, is depicted in Figure 32, THR35 and THR3G differ by the length of DNA
sequence flanking the sequence of clones 20-26. The fluorescence image (sensitized acceptor
ernission) of wells of a microplate containing 20 nM (panel A) or 100 oM (panel B) of the
indicated thrombin senseor and the indicated concentrations of thrombin are shown, For

comparison, a sensor comprising THR21 and THR27 is shown.
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{000135] Figure 33 summarizes of a sinmlianeous selection of two aplamers binding to thrombin at
two distinet epitopes. Selection of aptamers was performed using the SELEX procedure
stavting from two constructs contatning 30 ot random sequence (THRAS and THRS0) (panel
A). Thrombin binding activity of the mixture of single stranded DNA’s obtained after each
indicated round of selection is shown in panel B, Measurable thrombin binding activity
appeared after 6% selection and reached a maximum after the 14% selection. DNA obtained
after 14™ selection was cloned and the DNA obtained from the individual clones were
sequenced. Panel C depicts the sequence alignment (using ClustalX) of the clones. Several

families of highly conserved sequences are easily visible.

[000136} Aptamer-based molecular beacons were developed for cAMP response element binding
protein (“CRP"). Aptamers wers selected to bind at sites distinct from the DNA binding site
of the protein. Selection was performed using SELEX procedure starting from a construct
containing 33 nucleotide random sequence (MIS12) in the presence of the excess of CRP
binding site-containing construet (MIS10X3 hybridized with MIS11) (Figure 34, panel A).
CRP binding activity of single stranded DNA that was obtained after indicated round of
gelection is depicted in Figure 34, panel B. Measurable CRP binding activity appeared afler
62 gelection and reached maximum after 12% selection. Binding was measured in the presence
of the excess of MIS10X3 hybridized with MIS11, DNA obtained after 12® selection was
cloned and DNA obtained from the individual clones were sequenced. The sequence
alignment (using ClustalX) of the clones is depicted in panel C. Consarved core sequence of

~16 nucteotides could be identified.
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SEQUENCE LISTING
<110¢> Heydul, Tomaszg
Heyduik, Ewa
¥noll, Eria
120> BICSENSORE FOR DETECTING MACROMOLECULES AND OTHER ANALYTES
«130»> SLU 0323-015 PCT

=3150= UB 50 /525,076
<151> 2003-32-132

<160> 14é

«170> Patentin version 3.3

<210> 1
<211 28
<212> DNA

«213» Artificial

220>
<223> gynbthetic seqguence based upon mammalian sequences

<400> L

agtoogtagt agggeaggtt ggggtgact 28
<210 2

<gll> 1B

<212> DNA
2213> Arbificial

<220
=223> synthetic sequence based on mammalian seguence

«430» 2
gottggtgty gtigy 15
<210 3
<21%> 22

«<212>» DNA
=213> Artificial

<220
«223> synthetic sequence based on mammalian segquence

400> 3

agtacghtggt agggoaggtt ggggtgach 29
<2Ll0= 4

«21l1> 1%

212> DNA

«21i3> Artdificial

<220>

2223> hased on mammalian seguence
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<4 G0> 4
ggttggtoty gttag i5
210> 5
<211> 49

<212> DHA
<213» Arvificial

<220>
<223> based on mammalian seguence

<220

<221> misc_feature

2222 (30) .. (34}

«323» 1©n is a, ©, g, L or u

=

=400 5
agtcoghggt agggcaggtt ggggtgactn nnnngghbtgg tgtggtbgg 49
<2L10x= a
<211> 54

<212> DNA
«213» Artificial

<220
«223> based on mammaliian segBence

«220>

<221» misc_feature

<222 (30)..(3%)

<223> mn is a, ©, g, L or u

<400 G

agteoghagh agggeaggtt ggggtgactn nnnnnnngng gttggtgtygy thay 54
<210> 7

<2ii» 54

«<2312> DA
«213» Artificial

<220
<223» based on mammailian seguence

<220

«221> misc_feature

<222 (16} .. {25}

<223 mn is a, ¢, 9, LT or u

<400 7

gottgogtotg gttggnnnnn nannnagtee gtggtaggge aggbtggggt gact 54
<210 g8

<211 40
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212> DHA
<213> Artificial
<220
2223>» based on mammalian seguence
<400> 8
gattggtatg ghbggbbttt bttcoctgtegtt agtgaaggtt 40
210> 8
<21l> 54
<212> DA
=2313> Artificial
<220>
<223> based on mammalian sequence
<400= 9
aaccttcact aacgacagitt tttttagboos gtggtagoue aggttogugobt gact 54
<210 14
<211> &0
<212> DNA
«213» Artificial
220> .
«222> based on mammalian segquenes
<400> 10
agbtbaggtgty gttggttotes ttetbtbtbt ttcbgbogtt agigaaggtt 50
<210> 11
«21i> 64
=212= DMA
«213> Artificial
=220
<22%> based on mammalian
<400 11
aaccttoact aacgacagth tttttttttt tttttagtee gbggbagoge agebthbggggt 60
gact 64
210> 312
<211> &0
«<212> DNA
<@13> Artificial
<2205
=223> based on mammailian sequence
400> 12
gottgotgtg gtiggttbt ot btithbnbbt thtitbsttt ttotgtegtt agtgaaggtt 60
210> 13
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<211> 74
«212> DNA
<213> Artificial
<220
«333> hased on mammalian sequence
<400> 13
aacctbcact aacgacaght ttbtbtiectit tthtitttber Sttbtagtee gtggrtaggge 50
aggttgaggt gact T4
<210> 14
<231l> 39
<212» DNA
<2i3»> Artificial
<Z220>
<223>» based on mammalian segquence
<4030 14
ggbtggtgby ghtggtitts tttottbttt ttogeatot 38
<210 15
<21l> B3
<212» DNA
«213> Artificial
<220
<223» basged on mammalian seguence
<400 15
agatgogtbt tttLttttte ttttagtoog tgotagygea ggbigoeety act 53
«210= 16
<21il> 27
<212»> DNA
<213> Artificial
<220»
<223> Dbased on mammalian seguence
<220»
«221> misc_feature
<222»  (18)..(20)
<2%3> nis &, 2, g, L or u
«400» 1§
ggtbggtgtg gbbtggnnnnn cgeatct 27

<218> 17

<211 41

«21lZ> DHA

<213» Artificial

<2205
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<223i» based on mammalian segquence

<Z20>

<221> misc feature

«2ZZ» (8} ..{12)

«<223»> m is a, ©, g, £t or ©

<400> L7
agatgegnnn nnagiccgtyg gtagggoagy ttggggtgac ©

<210> 18

<21ls> 28

«2312» DNA

<213> Artificial

<220
<223> based on mammalian seguence

2220

<22L> misc_feature

<222» (16)..(20}

<223> mn is &, ¢, 9, t or u

400> 18
ggttggtgty gtiggnnmnmn tcgceatet

210> 12

<21%i> 41

«212= DNA

«<213> Artificial

<220
<223> based on mammallan secuence

<220>

«22l> wmisa featurs

<222 (8)..(12)

<223> n is a, ¢, ¢, t or u

400> 12
agatgegnnn nnagtccgtyg ghagggeagy tbggggtgac t

«<210> 20
<21l &3
<2LlZ» DNA

«213%> Artificial

<220
<223> based on manmalian segquence

<Z220>

«221> misc feabure

«222> {19) ..({51}

«223> n ig a, ¢, g, £ or u
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<400 20
ctotoghtag tgaaggbbnn DNDINDNRNR DIANNANNND ANNNNONNN naacgecata 60
toacagacy 69
<210 21
<21i> 18
<21Z> TNA

<213> Artificial

<2206
<223> based on mammalian seguence

<4Q0> 21

chtgbegtiay btgaaggtt 18
<21i0> 22

<23il> 18

«212>» DNA

«213» Artificial

<220>
<223> based on wammalilan sequence

400> 22

cgtotgtgat atggoegtt 18
«210> 23

«<21%> 22

2212> L[NA

«213» Artificial

<220>
<223> Dbased on mammaliazn segquence

<2205

<221> wise fezature

«222»  {16) ..{17)

<223 n iz a, ¢, ¥, L or u

<400> 23

guttggtgtyg gtbggnngac ag 22
<2d10> 24

<2iis> 27

«212> DNA

<213>» Artificial
<220

<223> bazed on mammalimn segquence

220>
«221> wigce feature
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222>
<223 >

<440

(18} .. (20)

nis a, o, g, £ or u

24

ggttggigtg gtbggnnnnon acgacadg

<210
<211>
<212>
<21 3>

<220>
<2232

<220
wZ2Z1m
<ZZ2>
<ZZ3 >

<400>

gazogagagt gennnonege atcoet

<210
<21t
<212>
<213

<420
<2ZD>

<220=>
221>
<222
<223 >

<400

agatgognnn nnbtgsactg gaco

<21 80>
=21t>
<212>
<213

<220>
<223 >

<400>

25

24

DA
Arvificial

based on mammal ian

misc_feature
(133 ..(17)

sequendces

ndis a, ¢, g, & or u

25

26

24

DMNA
Arioificial

based on mammalian

mlge feature
{(8)..¢{12}
nis a, ¢, g, £ or

26

27

26

DA
Artificial

based on mammal iao

277

seguences

u

seguneces

gagtecagtte aattgcacte tegtto

<210>
<211
<2135
<d13>

258

28

DNA
Arkificial
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<220>
<223> based on mammalian sequence

<220

<221> misc_ feature

<RAD> (16} ..{2M

<223> mnisa, ¢, g, L oru

<460> 28
ggtbggtgtg gttggnnnnn aacgacag 28
%210> 29
«<23il» 82

<212» DA
«R213» Artificial

=220>
<223»> Dbased on mammalian ssquence

<220

«221> mige feature

<222> (9)..{13)

«223» mn ls &, ¢, g, £ or u

<220>

<221> misc_feature

222> (32} ..{e4)

<223» mis &, c, g, t oru

<440 28

ctgbtegitnn nnnttgagtc agegbogage anminnnnnnm  ANNTIINNNNN DANnnnnng 60
nnoanttcact ghgetgoggo ta a2
<210> 30

<21il> 31

<21iZ> DRNA

<213> Artificial

<2Z0>
«2%3> bhased on mammallian SEQUEnTS

<220>

<221> misc_feature

<222> (9)..(13)

<2Z3> n is a, ¢, g, £t or u

«200»> 30

cbgbegitnn nnnttgagbte agegteogage a 31
210> 31

<231> 18

<2i2> DHA

<213> Artificial
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=220
«=223> basad on mammalian sequence

400> 31
tagoeogeage acagtygaa iB
«<210> 32
<211l> @6

«212> DNA
<R213> Artificial

<220
«223> based on mammalian seguence

<Z230>

<221> wmisc_feature

<222> (19)..{48)}

=<223> n ig &, ¢, g, L or u

=408> 32

cacctgatcg ctocicginn nonnhnnng nRANPBONAND NINAnNNNONCa gyatgaadcag 50
goacaa 2
«210» 33

«Z1l=> &4

<212> DNA
<213> Artificial

<220
<2Z23> based on mammalian seguence

<220

«221> misc_feature

«222> (19} ..448)

«223» n is a, ¢, g, t or u

<400= 32
ageoegecatt ceataghgnn nmunmnnonnnn NDONMONNNN nonnnnnne: ggatgoogat &0
caggtyg 243
<Z10> 34
«211> 18

<212> DNA
<ZLl3> Artificisl

<220>
«<223> based on mammalian seguence

<4 G0> 34
gacctgatog ctoctogt 18
«210= 33
«211> 18
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<21l2= DNA
<Z13» Artifiecial
220>
<223> basged on mammalizn seqguence
<400> 35
btgbtgoctgt goatocty 18
«<210= 36
<211l> 18
«Z12> DNA
«Z13» Artificial
«ZZ0>
<223> based on mammalizn sequence
<4 030> 35
agceegecatt ceataghy 18
<210> 37
<21i» 38
<21l2> DNA
<Z2i3> Artificial
<220
223> based on mammalian seguence
<400 37
cacetgatog goatacty 18
<210> 38
<21l1l> 55
<Z132> DNA
=213> Artificial
<Z20>
<223» baged on mammallian seguences
<220
2221> misc_feature
«222> (8} .. (12}
<223 n is a, o, g, t cr u
«Z00> 38
agatgegnnn nnaggtbtggg ggtactaggt atcaatgggt agggtggtot aacge 55
<210> 38
<211l> 65
212> DNA
<213> Artificial
<220
<223> based on mammalian seguence
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<320
<22i>
<2Z2»
<223

<400
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misc_feature
(8)..{12)
n is a, o, g, £t or u

=

38

agatgognnn nnagtgaagy ttgggggtac taggtatcaa tgggtagggt ggtgtaacgc

catat

w210>
=211
<212
<213

220>
<2235

<220
<221 >
<222»
<223

<400

40

S5¢

DA
Artificial

based on mammalian sequence

misc_Ifsature

{(38) .. (43)
nis a, =, g, £t or u

40

aacgcaatasa atgigsagta gatcacattt taggeaccnn nnngabgget

w210
«<21Li>
<R12>
213>

<220
<223 >

<220
<22i>
<222>
<223 >

<480>

43

&9

TNA
Argificial

based on mammalian sequence

misc_feature
(1g)..(53)
nis a, ¢, g, L oru

43

agceatciaa cfattoclnn NDIONNDNNNLR RIDANOONNG DNNNOAONNNG ngagogadgaa

atbtoctaggalb

<410 42

w«211n 38

<213> DNA

«<213> Artificial

<220

<223> based on mammallian sequence

<4 C0>

42

gytgcctaaza atgtgatcta cttcacattt attgeogltt

11
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(3

&5

50

&0
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<210> 43
<211> 18§
<212> DNA

<213> Artificial

<220>
<223> baased on mammalian sequence

<4006> 43
agoecatetaa chatbeooo

<210> 44
<21l= 18
<213» DNA

«213» Artificial

<320
«223> based on mammalian sequence

<4 006> 44
aoctagaatt tetegete

<23il> 45
=211» 332
«212» DNA

<213> Artificial

<220>
«222> bhased on memmallan sequence

<400> 45
ggcggtatgy goatagogta abgggaggtt ggt

w3l0» 48
<2il> 33
<2i2> DNA

«<213> Artificial

R 20m
«223> based on mammalian segquence

<400> 46
cgatgegtaa tgubbagoagt gggtagggta toce

«210> 47
<211> 33
<212> DNA

«213> Artificial

<220
<223> based on mammalian segquence

<400> 47
ggatgogtan tggbtagggt gggtagggta teoc

<210> 48
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<21i> 33
«<212> DNa&
<213> Artificial

<220
<223> based on mammalian ssguence

400> 48
ggatgegtaa btggttagggt ggatagagta toc

<210= 48

=213=» 33

<212 DNA

«Z13»> Artificial

=220
<223> based on mammalian seguence

<& Q00> 4%
geagbaggta chbatattgge tagggtggtce tge

«2%0> 3o

«23ii»> 33

<21i2> DNA

<23i3> Artificial

«220=
<Z23> Dbased on mammalian sequencs

<400 5D
geagbaggha ¢hatattgge tagggtggtc tgo

«210» 51

<211> 33

<21Z> DNA

«213> Artificial

<220
«223> bhased on mammlian saguence

<400> 51
ggoggtatgg goatagogha abgggaggte tga

<210= 52

w21l 33

«212» DHA

<213> Artificial

<220
<223> based on mammalian sequence

<4 00> 52
gagatgegtaa toggbbtagogt gughtagggta too

210> 53
211> 33
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«212> DHA
<213> Artificial
<220>
«223> based on mammalian seguence

<4 G0

53

ggoggtatgyg gtatagegta abgggagght gotb

<210>
<21Ll>
=212>
<21l3>

<220
<2323>

<4 00>

B4

33

DNA
Artificial

based on manmalian seguence

54

gggogtacta ggtattaaty ggtagoggtgy tgtb

=210>
<211
w212 >
<213

<2203
w223

<&00=

5

33

PNA
Artificial

baged on mammalian sequences

55

cagcagggaa cggaacggtt agggtgggta ggg

<210
<d1l=
<212
<213 >

<220>
<223 >

<220
A2l
wAZ2>
«<223>»

<400>

56

33

DINA
Artificial

based on mammalian sequences

mizc feature
(8)..1(5)

nis &, ¢, g, £ or

56

goggngatay gtegegtaag tigogtagog tgg

<210
<21 1>
<212>
<213>

<220
223>

<2C0x>

57

33

DNA
Artificial

based on mammalian sequences

=7
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caggatggot agggtagtca gogaageaght agg

<210 58

«211» 33

<212 DNA

<213> Axtificial

<220>

<223> based on mammalian sequence
«400> 58

caacggttgy ghtgaactgtz gtggebtyyy gtg

<210> 5B

<2il> 33

<212> ©DNA

<213> aArtificial

<220»

«223> based on mammalian seguenceg

«<400» 59
caggatgagt agggtggtoa gogaagoagt agg

<21G> &0

<21i> 32

<212= DNA

<213»> Artificial

220>

<223> based on mamnalian seguence

<400> &0
caggatgggt agggtggica gcgaagcaght ag

210» 61

«211= 33

412> DMA

«<213> Artificial

<220>

<223> based on mammalian seguence

<400 &1
ggcgagagea geogtygatags gtggotagga tag

<Z10= 63

<21li» 33

<21Z> DNA

<213> Artificial

<220>

<223> baged on mammalian seguences

<4Q0» 62
cagggtoagy goetagateat gegattaace atg
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<210= &3
<Z1ll> 33
212> DHE
<213» Artificial
2220
<223> bassd on mammalian seguence

«400» &3
caggabygaat agggtggtea goegaageagt agy

<213> 64

<21is 33

«Z12> DNA

<213> Artificial

<220

<223> based on mammalian sequence
400> 64

gggggtacta ggtatcaatg ggtagggatgg tgt

«Z10> &5

<211> 33

<212> DHNA

<213> Artificial

<220;¢

223> Dbaged on mammalian seguence
<400> 6%

ggggotacta gghatcaatg ggtagggigyg tgt

«210> &6

<21%i> 33

«212> DN&

«<213> Artificial

<220

<22%> based on mammalian seguence
<230>

«221>» misc_feature

<222 (27)..427;

«223> 1n ls a, ¢, g, £ or u
<400> 66

ggagacgtaa tgggttogit gggaagngga teoco

«210>
<21ll=»
c2l3=
213>

¥

33

DA
Artificial
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=220
<223> based on mammallan sequence

<400> &7
goatacgtaa tggtbcooagott gggucgggta tgt

<210= &8

«211> 33

<212» DNA

<213»> Artificial

<220%
<223%> Dbased on mammalian segquence

<4Q0» &8
ggggotacta ggtatcaatg ggtagggtgy tgt

=210> &9

<21l» 33

<21d> DNA

«213» Artificial

220>
<223= based on mammallan seguence

<400> 69
gagggeactt aggatgggta geatggtagy ceco

<210» 70

<2il> 33

<Z21Z= DNA

<213> Axkificial

<220
<223> Dbased on mammalian seguence

<400G> 70
gagggtacta ggtatcaatg ggtagggtag tgt

<2i0> T1
<21]s= 33
<212> DHA

«213> Artificial

<220>
«223»> basad on mammalian seguence

«£00> 71
ggtogoggea tagtaatget ggattgggea get

230> 72

<231> 23

«232» DNA

«2313> Avtificial
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<220>
<223> Dbased on mammalian segqusnce

<430> 12
gggbaggage agtacacget gouaatgggbc act

«310» 73
<21l> 33
<21l2> DNA

<213» Artificial

<230>
<223> based on mammalian sequence

400> 73
geagtaggta ctatattgge tagggtggice tge

<210 74
<211l> 33
<212> DNA

<213> Artificial

<R220>»
223> based on mammalian sequence

400> 74
gugtagogts acagggagga cgyaatggge act

<210> 75
<21ll» 33
<213= DNA

221%> Artificial

<220
<223> Dhasgsed on mammalian seguence

<4040> 75
gcagtaggta ctatattgge tagggtggic tgo

<310= 76
«21i» 33
212> DNA

«213> Artificiazl

<220>
<223> based on wmammalian segquence

<&00> 75
gragtaggba ctatattgge taggotggte tgo

<210» 77
<211> 33
«<212> DNA

<213> Artificial

<220
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<223> Dbased on mammzlian ssguence

<400 77
gragtaggta ctatabttgge tagggbggte tge

<210 78

=211= 33

<212> DNA

<213> Artificial

220>
<223» based on mammnalian ssquence

<400> 78
oggygtacta gghtattaaag ggtaggatgg tgt

<210%» 79

<31%> 33

=212> DHA

«23i3> Artificial

<220
<Z223> Ppased on mammalian segquencs

<400 TD
graglbaegglba cLatghoggy bogggbggbce tga

<d10d> BO

<211= 30

<212»> DNA

213> Artificial

<220
«223> Dbaged on mammalian saquence

<400> B0
gggtagggtg gttgtaatag ggattgegat

«21C> 81
<2it» 30
<212> DNA

«213> Artificial

<Z220>
<223> baped on wmammalian segquence

<400» 81
gggtagggtg gttgtaatag ggattgoegat

<210> 82

<ZLll> 30

«212> DNA

<213> Artificial

<220
«223> based on mammalian sequencs

19

(112)

JP 2012-115269 A 2012.6.21

PFCT/US2004/041315

33

33

33

30

30



WO ZOG5/039504

<400>

82

ggracsacco gatatggeta tgaatctgeco

<210>
«2lls
w2lZ»
wZl3s

<240
=223>

<4Q0>

83

30

DHA
Artificial

based on mammalian sequence

83

gogtagggts ottgtaatag ggabtgegat

<21C0»
<ZLll»
<212>
<213=

<220>
<223

<400

B4

30

DNA
Artificial

based on mammalizn sequence

84

gugtagggtyg gbtgtaatag ggattgegat

<21l0=
<21ll>
<212>
<213x>

=220
<223

<00

85

30

DNA
Artificial

haged on mammalian seguence

85

ggtgtgggty gttatiggtg tagagogogt

<zl0>
«211>
212>
<213

<220
w2235

<400>

84

30

DHA
Artificial

baged on mammalian sseguence

86

aatggggagg ttagggtgeg ggagagtggh

210>
<213
<212 >
213>

<220
223>

a7

c$1]

DA
Artificial

based on mammalian saguence
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<4 00>

a7

acgogtagga tgggtaggot ggtogegita

«Z2i0>»
<2il>
«2i2>
<213

<220
w223

<400>

88

3¢

DA
Artificial

baged on mammzlian seguence

a8

ggagtagggtyg gtigtaatag ggattgegat

<2310>
<2il>
<2i2>
<2id>»

<220
<223>

<4 00>

89

36

DNA
Artificial

based on mammalian seguence

8%

gggegaaggt acgaagacgg abgoacgtge

<210>
<211l>
<212>
213>

220>
<223>

<4 G0O>

o

30

DNA
Artificial

based on mammalian sequence

20

aaggocgeca tetggotocog acgagtacca

<210>
<2il>
<232
«213>»

<220
<223

<4 00>

21

30

DNA
Artificial

based on mammalian sequence

21

tagggtygot agggtggbca actatgggyy

<2310>
«231l>
«231Em
«<21i3>

<220
<223>

<4 G0

o0z

20

OMA
Areificial

hased on mammalian segquence
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gogtggotgy toaaggagat agtacgatge

<210> 53

<211l> 30

«212> DNA

<213>» Artificgial

<JA0>
222> based on mammalian sequence

<400» 83
ggtagggrgg ttaaaatagg ggaatggcoag

<210 &4

<211 20

<212» DNA&

<213» Artificisl

<220
<223> based on mammalian sequence

<400> 94
caczrgaagy gogagegehyg asgcatagtgo

=<210> 958

<210= 30

«<212> DNA

<«213> Artificial

<220
<443> bassd on mammalian seguence

<400= 85
craacgacace atagggtaca cgoogoatae

<218> 96

<231 30

212> DHNA

<213> Artificial

<228
<223> Thased on mammalian segquence

<408> 96
gatagggtgy ttazeatagy gyaatggcag

<21lé>» B7

«21l= 30

«212» DNA

=213> Artificial

<2Z0>
«223> Dbased on mammalian segusnce

<&00> 97
taggatgggt agggtagtoc caguaatgge
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<210> 938
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WHAT IS CLAIMED IS

1. A method of detecting a polypeptide in a sample comprising the steps of (a) contacting a
sample with a first aptamer consiruct and a second aptamer constrizet, and (b) detecting an
association of the first aptamer construct, the second aptamer construct, and a polypeptide by a
detection method; wherein (c) the first aptamer construct is capable of binding to a first epitope of
the polypeptide and the second aptamer construet is capable of binding to a second epitope of the
polypeptide, (d) the first apiamer construet comprises (i) a first aptamer that can bind to the first
epitops, (ii) a first signaling oligo and (iif} a first label, and (¢} the second aptamer construct
comprises (iv} a second aptamer that can bind to the second epitope, (v} a second signaling oligo,

which is complemeniary to the first signaling oligo, and (vi) a second label.

2. The method of claim 1 wherein the first and second signaling oligo each consists of at least

5 nucleotides and no more than 7 nucleotides,

3. The method of claim 1 wherein the first aptamer comprises a natural cognate binding

element sequence and the second aptamer is selected using in vitro evolution.

4. The methed of claim 1 wherein: the first label is a2 fluorescence donor and the second label

is a fluorescence acceptor.

5. The method of claim 1 wherein the first Iabel is a fluorescence acceptor and the second

label is a fluorescence donor.
6. The method of claim 1 wherem the detection method detects a change in flnorescence.
7. The method of claim 21 wherein the detection method is FRET.

8. The method of claim 1 wherein the first aptamer and the second aptamer are selected using

in vitro evolution.

9,  The method of claim 1 wherein the polypeptide does not naturally bind a natural cognate

binding element sequence.
18.  The method of claim 9 wherein the polypeptide is a thrombin,

11. The method of claim 10 wherein the first aptamer binds to fibrinegen exocite of the

thrombin and the second aptamer binds to a fibrinogen exocite of the thrombin.
12. The method of claim {1 wherein the first Iabel is a fluorescein.

13. The method of claim 12 wherein the detection method is fluorescence polarization,
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14. The method of claim 12 wherein the second label is a dabeyl and the detection method is a

detecting a change in fluorescein fluorescence intensity.

15. The method of claim 1 wherein the first aptamer construct and the second aptamer

construct are joined together by a linker.
16. The method of claim I wherein the linker is a flexible Spacer 18 linker.

17. A method of detecting an analyle in a sample comprising the steps of (a) contacting a
sample with a first aptamer construct, # second aptaner construet, and a polypeptide, and (b)
detecting an association of the first aptamer construct, the second aptamer construct, the
polypeptide and an apaiyte by a detection method; wherein {¢) in the presence of the analyie, the
first aptamer construct is capable of binding to a first epilope of the polypeptide and the second
aptamer construct is capable of binding to a second epitope of the polypeptide, and (d) the first
aptamer construct comprises a first aptamer that can bind to the first epitope, a first signaling
oligo and a first label, and (e) the second aptamer construct comprises a second aplamer that can
bind to the second epitope, a second signaling oligo, which is complementary to the first

signaling cligo, and a second label.

18. The method of claim 17 whercin the first signaling oligo and second signaling olige each

consists of at least 5 nucleotides and no more than 7 nucleotides.

19. The method of claim 17 wherein the first aptamer comprises a natural cognate binding

element sequence and the second aptamer is selected using i viiro evolution.

20. The method of claim 17 wherein the first label is 2 fluorescence donor and the second label

is a fluorescence acceptor.

21. The method of clairn 17 wherein the first label is a fluorescence acceptor and the second

Iabel is a fluorescence donor.
22,  The methed of claim 17 wherein the deieclion methed delects a change in fluorescence.
23, The methoed of claim 22 wherein the detection method is TRET.

24, The method of claim 17 wherein the first aptamer and the second aptamer are selected

using in vitro evolution.

25,  The methed of claim 17 wherein the polypeptide does not naturally bind a natural cognate

binding element sequence.
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26.  The method of ¢laim 17 wherein the polypeptide undergoes a conformational changes upon

binding the analyte.

27, The method of claim 26 wherein the analyte is a drug and the polypeptide is capable of
binding the drug,
28. The method of claim 27 wherein the analyte is a statin drug and the polypeptide is 2 HMG-

CoA reductase.
29, The method of claim 17 wherein the analyie 1s a toxin found 11 the environment.

30. The method of claim 17 wherem the first aptamer construct and the second aptamer

construct are joined together by a linker.
31.  The method of claim 30 wherein the linker is a flexible Spacer 18 linker.

32. A method of making a set of aptamer constructs, comprising a first and second aptamer
construet, comprising the steps of (a) selecting a first aptamer against a first substrate, which
comprises a first epifope, and selecting a second aptamer against a second substrate, which
comprises a second epitope, wherein the first aptamer is capable of binding to the first epitope
and the second aptamer is capable of binding to the second epitope, (b) attaching a first label to
the first aptamer and attaching a second lebel to the second aptamer, (¢) attaching a first signuling
oligo to the first sptamer and attaching a second signaling oligp to the second aplamer, wherein
the sacond signaling oligo is complementary to the first signaling oligo, and (d) such that (i} the
tirst aptamer construct comprises the first apiamer, the first label and the first signaling oligo, and
{ii} the second aptamer construct comprises the second aptamer, the second label and the second

signaling oligo.

33. The method of claim 32 wherein the first subsirate is a polypeptide and the second substrate
is the polypeptide bound to the first aptamer, wherein the first aptamer masks the {irst epitope.

34. The method of claim 32 wherein the first subsirate is a polypeptide or a macromolecular
commplex and the second substrate is the polypeptide or macromeolecular complex bound to the
first aptamer, wherein the first aptamer () is attached to the first signaling oligo or the first label

and {(b) masks the first epitope.

35. The method of claim 32 wherein the first substrate is a fagment of a polypeptide consisting
essentiatly of the first epitope and the second substrate is a fragment of the polypeptide consisting

essentially of the second epitope.
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36. The method of clanm 32 wherem the first signaling oligo and the second signaling oligo

each consist of at least 5 nucleotides and no more than 7 nucleotides.

37. The method of claim 32 wherein the first aptamer comprises a natural cognate binding

element sequence and the second aptamer is selected using in vilro evolution.

38. The meathod of claim 32 wherein the first label is a fluorescence donor and the second label

is a fluorescence acceptor.

39, The method of claim 32 wherein the first label is a fluorescence acceptor and the second

label is a fluorescence donor.

40. The method of claim 32 wherein the first aptamer and the second aptamer are selected

using in vitro evelution.

41. ‘The method of ¢laim 32 compriging the step joning the first aptamer congtruct to the

second aptamer construct with a flexible linker.

42, A bivalent aptamer construct comprising s first aptamer, a first label, a first signaling oligo,
a second aptamer, a second label, a second signaling oligo and a linker, wherein the first aptamer
is capable of binding to a first epitope and the second aptainer is capable of binding to a second

epitope.

43, The bivalent aptamer construct of claim 42 wherein the first epitope and the second epitope

are distinet and non-overlapping epitopes of a same polypeptide.
44, 'The bivalent aptamer construct of claim 42 wherein the linker is a flexible linker.
45, The bivalent aptamer copsiruct of claim 44 wherein the linker is a Spacer 18.

46. The bivalent apiamer construct of claim 44 wherein the linker is a deaxythymidine

pelymer.
47. ‘The bivalent aptamer comsiruct of claim 42 wherein the first label is a fluorescence donor.

48. The bivalent aptamer consiruct of clait 47 wherein the zecond label is a fluorescence

recipient.

49, The bivalent aptamer construct of claim 42 wherein the first and second signaling oligos

are at least 5 nucleotides i length and no more than 7 nucleotides in lenpgth.

50. The bivalent aptamer construct of claim 42 wherein the first aptamer comprises a natural

cognate binding element sequence.
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51. The bivalent aptamer congiruct of ¢laim 30 wherein the second aptamer is selccted using in

vitro evolution.

52. The bivalent apramer construct of claim 42 wherein the first aptamer is selected using in

vitro evolution.

53. 'The bivalent aptamer construet of claim 42 wherein the polypeptide is a thrombin, the first
label is @ fluorescein, the second label is a dabeyl, the first eptiope is a heparin exosite, the second

epitope is a fibrinogen exosite, and the linker is a Spacer 18.

54. The bivalent aptamer construct of claim 43 wherem the polypeptide is a thrombin, the first
fabel is a fluorescein, the second label is a dabeyl, the first epitope is & heparin exosite, the second

epitope is & fibrinogen exosite, and the linker is a Spacer 18.

55. A kit comprising a first epitope binding agent, to which is attached a first label, and a
second epitops binding agent, to which is attached a second label, wherein {a) when the first
epitope binding agent and the second epitope binding agent label bind to a first epitope of a
polypeptide and a second epitope of the polypeptide, respectively, (b) the first label and the
second label interact to produce a detectable signal.

56. The kit of claim 53 wherein the first epitope binding agent is an antibody.

57.  The kit of claim 55 wherein the first epitope binding agent is a first aptamer construet,

which comprises a first aptamer, a first label and a first signaling oligo.

58.  The kit of claim 57 wherein the second epitope binding agent is a second aptamer
construct, which comprises a second label and a second signaling oligo, which is complementary

to the first signaling oligo.

59, The kit of claim 38 wherein the first signaling oligo and the second signaling oligo are at

least 5 nucleotides & length and no more than 7 nucleotides in length.

60. The kit of claim 58 wherein the first aptamer comprises a natural cognate binding element

sequence.
61. The kit of claim 58 wherein the sccond aptamer was selected using in vitro evelution.,

62. The kit of claim 53 wherein the first label i o fluorescence donor and the second Jabel is a

fluorescence recipient.

63.  The kit of claim 62 wherein the first label is a fluorescein and the second Iabel is a dabeyl.
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64. The kit of ¢laim 535 further comprising the pelypeptide, wherein the polypeptide is capable

of binding an analyte.
65. The kit of claim 55 further comprising a printed set of instructions for using said kit,

66. A method of diagnosing a disease comprising the steps of {a)} obiaining a sample from a
patient, (b} contacting the sample with a first epitope binding agent and a second epitope binding
agent, and (c) detecting the presence of a polypeptide in the sample using a detection method,
wherein the presence of the polypeptide in the sample indicates whether a disease is present in the

patient.

67.  The method of claim 66 wherein (a) the first epitope binding agent is a fivst aptamer to
which a {irst label and a first signaling oligo are attached, (b) the second epitope binding agent is
a second aptamer to which a second labe] and a second signaling oligo, which is complementary
to the first signaling oligo, are attached, and (¢} the detection method is a fluorescence detection
method, wherein, (d) when the first aptamer binds to the polypeptide and the second aptamer
binds to the polypeptide, (e) the first signaling eligo and the second signaling oligo associate with
each other, and {f) the first label is brought into proximity to the second label such that a change

i fluorescence ooours.

68.  The method of ¢claim 66 wherein the sample is selected from the group consisting of blood,

urine, ascites and tissue sample.
69.  The method of claim 66 wherein the patient is a human.

70. A method of diagnosing a disease comprizing the steps of (a) obtaining a sample from a
patient, (b) contacting the sample with a first epitope binding agent, a second epitope binding
agen:t, and a polypeptide, which comprises a first epitope and a second epitope, and (c) detecting
in the sample, using a detcction method, the presence of an analyte, which is capable of binding
the polypeptide, wherein the presence of the analyte indicates whether a disease is present in the

patient.

71.  The method of claim 70 wherein (a) the first epitope binding agent is a first aplamer to

which a first label and a first signaling olige are attached, (b) the second epitope binding agent is
a second aptamer to which a second Tabel and a second signaling oligo, which is complementary
to the first signaling oligo. are attached, and (v} the detection method is a fluorescence detection
method, wherein, (d) when the analyie binds to the polypeptide, (¢) the first aptamer binds fo the
polypeptide and the second aptamer binds to the polypeptide, (e} the first signaling elige and the
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second signaling olige associate with each other, and (f) the first label is brought into proximity

10 the second label such that a change in {luorescence oceurs.

72.  The method of clain 70 wherein the sample is selected from the group consisting of blood,

urine, ascites and tissue samnple.
73.  The method of claim 70 wherein the patient is a human.

74. A method of screening a sample for useful reagents comprising the steps of (a) contacting a
sample with a [irst epitope binding agent and a second epiope binding agent, and (b) detecting

the presence of a useful reagent in the sample using a detection method.

75.  The method of c¢laim 74 wherein the useful reagent is a polypeptide which comprises a first

epitope and a second epitope.

76.  The method of claim 74 further comprising the step of contacting the sample with a

polypeplide, which is capable of binding an analyte, wherein the useful reagent is an analyte.
77. The method of claim 74 wherein the useful reagent is a potential therapeutic composition.

7%.  The method of claim 74 wherein (a) the first epitope binding agent 1s 2 first aptamer (o
which a first label and a first signaling oligo are attached, (b) the second epitope binding agent is
& second aptamer to which a second label and a second signaling oligo, which is complementary
to the first signaling oligo, are attached, and (¢} the detection method is a fluorescence detection
method, wherein, {d} when the first aptamer binds to the polypeptide and the second aptamer
binds to the polypeptide, (¢) the first signaling oligo and the second signaling oligo associate with
each other, and (f} the first label is brought into proximity to the second label such that a change

in fluorescence occurs.

7%.  The method of claith 78 wherein the useful reagent is a polypeptide which comprises a first

epitope and a second epitope.

80. The method of claim 78 further comprising the step of contacting the sample with a

polypeptide, which iz capable of binding an snalyte, whersin the usefirl reagent is an analyte,
81. The method of claim 78 wherein the useful reagent is a potential therapeutic composition.

82. A pharmaceutical composition comprising a bivalent aptamer construct as set forth in any

one of claims 42-54.

83. A method of facilitating molecular interactions in a sample comprising the step of

administering to the sample a bivalent aptamer as set forth in any one of claims 42-54, whersin
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the first epitope and the second epitope are on separate molecular entities and the first epitope and

second epitope are brought into ¢lose proximity o effect 2 molecular interaction.

84. The method of claim 83 wherein the sample s selected from the group consisting of cell,

tissue, cerebral spmal fluid, blood, in vitro reaction mixture, and environmental systerm.

85, A method of detecting a polypeptide in a sample comprizing the steps of (a) contacting a
sampie with a first molecular-recognition construct and a second molecular-rocognition construct,
and (b) detecting an association of the first molecular-recognition construct, the second
molecular-recognition construct, and a polypeptide by a detection method; wherein {¢) the first
molecularsecognition construct is capable of binding to a first epitope of the polypeptide and the
second molecular-recognition construct is capable of binding to a second epitope of the
polypeptide, (d) the Arst molecular-recognition construct comprises (i} a first epitope-binding
agent that can bind io the first epitope, (ii) a first signaling oligo and (ifi) a first label, and (g) the
second molecular-recognition construct comprises (iv) a second epitope binding agent that can
bind to the second epilope, (v} a second signaling oligo, which is complementary to the first

signaling oligo, and (vi) a second label.

86. The method of claim 85 wherein the first epitope binding agent is an aptamer.
87. The method of claim 86 wherein the second epitope binding agent is an aptamer.
88. The method of claim 86 wherein the second epitope binding agent is an antibody.

8%, The method of ¢laim 86 wherein the second epitope binding agent is a double stranded
polynucleotide containing binding site for the polypeptide.

90.  The method of claim 85 wherein the first epitope binding agent is an antibody.
91. The method of claim 90 wherein the second epitope binding agent is a second antibody,

92. The method of claim 90 wherein the second epitope binding agent is a double stranded
polynucleotide containing binding site for the polypeptide,

93. The method of ¢claim 85 wherein the first epitope binding agent is a double stranded
polynucleotide containing first binding site for the polypeptide.

94. The method of claim 93 wherein the second epitope binding agent is a double stranded
polynucleotide containing second binding site for the polypeptide.

95. The method ol any one of clamms 85 through 94 wherein the detection method is selected

from the group consisting of plasmon resonance, fluorescence resonance energy transfer
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(“TRETY)), FCCS, fluorescence quenching, fluorescence polarization, production of & colored
product, chemiluminescence, sciniillation, bioluminescence, and hrninescence resonance energy

transfer.

96. The method of claim 95 wherein the detection method is luminescence resonance energy

transfer.

97. The method of any one of claimg 85 through 96 wherein the polypeptide is thrombin or
cAMP response element binding protein (“CRP™).

98. The method of any one of claims 85 threugh 97 wherein the sample is selected from the

group consisting of blood, urine, ascites, cellular sample and tissue sample.

99, A molecular beacon comprising a first molecular-recognition construct and a second
molecular-recognition consgtruct; wherein (a) the first molecular-recognition consiruct is capable
of binding to a first epitope of a polypeptide and the second molecular-recognition construct is
capabie of binding to a second epitope of the polypeptide, (b) the first molecular-recognition
constriiet comprises (i} a first epifope-binding agent that can bind to the firsi epitope, (ii} a first
signaling oligo and (iii) a first label, and {¢) the second molecular-recognition consiruct
comyprises (iv) a second epitope binding agent that can bind to the second epitope, (v) a second

signaling oligo, which is complementary to the first signaling oligo, and (vi} a second label.
100. The molecular beacon of ¢laim 99 wherein the first epifope binding agent is an aptamer.
101. The method of claim 100 wherein the second epitope binding agent is an aptamer.

102. The method of claim 100 wherein the second epitope binding agent is an antibody.

103. The method of claim 100 wherein the second epitope binding agent is & double stranded
polynucleotide containing binding site for the polypeptide.

104. The method of claim 99 wherein the first epitope binding agent is an antibody.

105. The method of claim 104 wherein the second epitope binding agent is a second antibody.
106. The method of claim 104 wherein the second epitope binding agent is a double stranded
polynucleotide containing binding siie for the polypeptide.

107, The method of claim 99 wherein the first epitope binding agent is a double stranded
polynucleotide containing first binding site for the polypeptide,

108, The method of claim 107 wherein the second epitope binding agent is a double stranded
polynuclectide containing second binding site for the polypeptide.
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