J. Comput. Chem. Jpn., Vol. 6, No. 4, pp. 227-234 (2007)

Jodboobouooooooboood
Joooooobooogbodoogogogogn

Dooo®gooboooecoooo®

a00000000000000,0671-220000000000 2167
bDDDDDDDDDDDDDDDD,D 727-00230 00000000 562
‘J0000000000OOOOoOO,0e71-220100000000 2167

*e-mail: en02g004@steng.u-hyogo.ac.jp

(Received: March 8, 2007; Accepted for publication: May 7, 2007; Published on Web: June 30, 2007)

gboboobooooooooopoooboooboboooooobbooobooboogn
gboooooooooooooooooooooboooo0ooooooooooooboooooog
O00ob0o0o0o0O0obO0ob0UobooOOoOo0Ob0OOoUD DNADOOD RNAOOOODDODOO RNA
goboooobD RNAOODODOOoOooooooboooobobobooboboooooboooog
gbooboooooboboooboOoooboobooboobooooobOooOooboobOooooooonon
OO00O0O00OO0ODNAOOOODODOOO RNAOODOOOOMDOODOOODOOOODODODODOO
oboo0ooooobOobOob00oobooobOobDbOUODNAODODDOODOODODOODOOO RNA
goobooobobobooboboobbooboobooboooobbooboboboooo
RNAOOOOOOOOOOOOOoOooOOooOoooDoooooooooo

00000 :0000000000,000,DNARNA,OOOCOOO

1 00

gooooooooooboooooboboobooooo
oooooooobooboooooooooogooog
OO0000000O00O0OSNPsODOOODDOOO
gobooooooobooooobobooboooon
obObOoO0o0ooO0o0obooobOooooomoo
gobooooooooooobooooooobooobn
gooboooboooboooooooobooooooo
oobooobooooboooooobooooooog
oob0oooboooooobooobooboooog
gbooobooboobooooooooooboooboan
O0OOoO DNAO RNAOOOOOoDooooog
ooboobooooboobooooobooooooo
oooooooooobooboooobooooooobo
O [1-4]

Oo0o00ooobOobD20000oobonoogon

http://www.sccj.net/publications/JCCJ/

000000000000000000000000
0DNAOOOOOOOODNAOOOOOODOOOO
000000000MMO00000000000 10
00000000000000000000 RNAO
O0O000RNAODOODOOOOODOOOOOOOOOO
000000000000000000000 [5-8]0
000000000 DNAOOOOOODOOOOOO
000000000000000000000000
0000000000 RNAOOOOOOOOOOO
000000000000000000000000
000000000 [8]0

00000000 RNAODOOOOOOOOOOOO
000000000000000000000000
000000000000000200000000
000000000000000003000000
000000000000000000000000
000 [9]0

227



Position 123 456 789 10
DNA Astrand 3-GGA GTA CUC C-5
Bstrand 5-CCU®Pyr) CAT GAG G-3'

RNA Astrand 3-GGA GUA CUC C-%

Bstrand 5-CCU(Pyr) CAU GAG G-3'

Figure 1. The sequence of full-match
pyrene-modified DNA and RNA
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Position 123 4 56 789 101112 131415

RNA A strand 5-ACA U(Py)CC AGU GUU GAU-3
Bstrand I 3-UGU A GU UCA CAA CUA®

I 3-UGU A GG CCA CAA CUA¥

II1 3-UGU A GG UUA CAA CUA-®
Figure 2. The sequence of mismatch pyrene-modified
RNA
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Figure 3. The structure of 2’-O-(1-pyrenylmethyl)uridine (a). The dihedral angle (c.,3,y) of linker in DNA (b) and

RNA (c).

Figure 4. The side view of Ball & Stick Model display of full-match pyrene-modified DNA at 1ns (a) and full-
match pyrene-modified RNA at 1ns (b). The top view of the pyrene aromatic plane together with A-U nucleoside
pair of full-match pyrene-modified DNA at 1ns (c) and full-match pyrene-modified RNA at 1ns (d).
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Figure 5. The proton pairs between the bases and pyrene
for which NOE signals are observed.
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Table 1. The average distances between the bases and pyrene protons in full-match pyrene-modified DNA
and full-match Pyrene-modified RNA, and strength of NOE signals in full-match pyrene-modified DNA.

i i iii iv v owvioovii i
Full-matchDNA (A) 46 34 34 46 54 38 54 32
NOE signal [8] ++ 4+ o+ +
Full-matthRNA(A) 58 7.0 80 54 36 80 104 5.1
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Figure 6. The dihedral angle of linker in Sequence | (a), Sequence Il (b) and Sequence 11 (c).
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Figure 7. The side view of Ball & Stick Model display of Sequence | at 1ns (a). The top view of the pyrene
aromatic plane together with A-U nucleoside pair of Sequence I at 1ns (b). The side view of Ball & Stick Model
display of Sequence Il at 1ns (c) and Sequence 111 at 1ns (d).
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Table 2. The average distances between
base pairs in Sequences I-111.

Table 3. The average distances between the bases and pyrene protons
in Sequences I-111.

Astrand B strand

i i Wi vV viooviiviii

Sequence | (A) 6.9 6.4
11 (A) 6.7 6.1
1 (A) 6.5 6.2

Sequence | (A)

1 (A)

48 43 47 41 45 59 46 4.3
NA) 51 63 75 54 36 93 7.0 48
56 60 66 55 40 109 85 4.8
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Table 4. Calculated positions and combinations of mis-
matched base pairs.

Astrand \B strand A U G C

Position6 C6 o o (x) o
A6 - (x) - o
u6 (x) o o o
G6 - o - (x)

Position 7 A7 - )] - X
u7 = x X X
G7 - X -
C7 X x (5 X

Position8 G8 - X - )]
A8 - (= - X
us =) x X
C8 X X )]

o Inside the double helix
x Outside the double helix
— not simulated

() Full-match sequence

ooooobDoobooooooooogiIi~mgoo
ooooooboooooobooboooooooooo
ORNAOODODOOOOOOOOOODOODDDOOO
goopoooooooboboobooooooogoo
goooobbooboooooobooboobobobog
OCO0OOOOOUOAORNAOODDODOOODODO
oboooooboooooooboobooooooo

googooogobooobobboboboooogn

00000 1000000000000000000
000000000000 “%”"0000000000
0 “x"000000000000000000 “-"00
0 Table40OODO0O0O0O00 (x)0(H000O00O
00000000000000@MTable40 0000
0001000000000 2000000000
O000O0O0O0OO0O0OO0ORNAOOOOOOOOO
000000000000000000000000
ONLMoDo0000000000000000000
RNAODOOOOOOO0O00O0O00000000O0
00o0o0oo0

4 00O

cooooboobooooooooMbOOOQOO
gboooobooooooobooooooooooon

http://www.sccj.net/publications/JCCJ/

OOoo0oDoDO0oOoDODbODODOODODO DNAOO
gbooobobobobboboooooobobbo
ggboodobooboobooboboboobooon
ooboooooobooooooooooooooo
oooooooooooooopobooooo20o0
ooboo0o AooBOOooOooooooooooood
O0O0DooOoDOooDooOobDDODO RNAODO DNAO
goboobooooobooooooobooobooooo
ooooooooooooobobobooboooo
goobobooboooooobooobooogd
ooobooboboooooooooo BOOOoOoOoOoOO
0O AQO0ODOOOOO0OO0O0O0OOODOOODbOOOn
OO0O00000D0O0OO0OO0O0OD0O DNADOOO RNAOD
gooobobboobooobooboboobobog
00oooooboboboooobonboOogn RNAD
gooooooooooooboobobbO 20000000
go0oo00ooooooOo3oooooooogog
goooboobobogooooon
ocooooboobooooobbooMDOOOOO
ggooogboboooboobbooooooboobd
gogobobooboobooboboboboobo
gooooobOoooooooooooooboooMmbOd
goooooobboobobboboooboogoo
goobooooobobobbooobo

oood

[1] A. Murakami, M. Nakamura, Y. Nakatsuji, S. Naga-
hara, Q. Tran-Cong, and K. Makino, Nucleic Acids
Res., 19, 4097 (1991).

[2] Y. Jenkins and J. Barton, J. Am. Chem. Soc., 114,
8736 (1992).

[3] T. Ishiguro, J. Saitoh, H. Yawata, M. Ohtsuka, T.
Inoue, and Y. Sugiura, Nucleic Acids Res., 24, 4992
(1996).

[4] K. Yamana, Y. Ohashi, K. Nunota and H. Nakano,
Tetrahedron, 53, 4265 (1997).

[5] K. Yamana, R. lwase, S. Furutani, H. Tsuchida, H.
Zako, T. Yamaoka and A. Murakami, Nucleic Acids

Research., 27, 11 (1999).

233



[6] K. Yamana, H. Zako, K. Asazuma, R. Iwase, H.
Nakano and A.Murakami, Angew. Chem. Int. Ed.,
40, 6 (2001).

[7] A. Mahara, R. lwase, T. Sakamoto, K. Yamana, T.
Yamaoka and A. Murakami, Angew. Chem. Int. Ed.,
41, 19 (2002).

[8] M. Nakamura, Y. Fukunaga, K. Sasa, Y. Ohtoshi, K.
Kanaoril, H. Hayashi, H. Nakano and K. Yamana,

Nucleic Acids Research, 33, 18 (2005).

[9] K. Yamana, Personal communication

[10] S. J. Weiner, P. A. Kollman, D. T. Nguyan and D.
A. Case, J. Comput. Chem., 7, 230 (1986).
http://www.amber.ucsf.edu/amber/amber.html

[11] T. Uno, H. Hayashi, K. Yamana and H. Nakano, J.
Chem. Software, 4, 1 (1998).

[12] T. Uno, H. Hayashi, K. Yamana and H. Nakano, J.
Chem. Software, 5, 39 (1999).

[13] K. Sasa, T. Uno, H. Hayashi, K. Yamana and H.
Nakano, J. Comput. Chem. Jpn., 2, 4 (2003).

[14] K. Sasa, T. Uno, H. Hayashi, K. Yamana and H.
Nakano, J. Comput. Chem. Jpn., 4, 3 (2004).
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It is known that RNA modified with the pyrenyl group (pyren-RNA) which uses the pyrene moiety as a
fluorescent chromophore shows a remarkable increase in fluorescence when the double helix is formed with
the complementary strand RNA, compared to the single strand pyrene-RNA, and that this phenomenon is
not seen with DNA. For the purpose of designing a sequence recognition probe based on these phenomena,
detailed data of the pyrenyl moiety in the pyrene-RNA and pyrene-DNA of double stranded structures are ob-
served with MD simulation. In addition, the influence of mismatched combination of base in the complemen-
tary strand was examined. As a result, it was revealed that in the full-match double stranded pyrene-DNA the
pyrene moiety stays inside the helix but in the full-match double stranded pyrene-RNA pyrene was thrusted
out of the helix. Mismatch sequence in the pyrene-RNAdouble strand influenced the behavior of the pyrenyl
moiety when the mismatch position was located close to the pyrene modified position.

Keywords: Base sequence recognition probe, Pyrene, DNA, RNA, Molecular dynamics
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