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Formation of Two Dimensional Superstructure of DNA Base Molecules
through Hydrogen Bonding

Tomoji KAwAL Hiroyuki TANAKA, Takaomi NAKAGAWA and Masashi FURUKAWA

ISIR-Sanken, Osaka University
8-1 Mihogaoka, Ibaraki, Osaka 567-0047

{Received October 30, 1997)

Scanning tunneling microscopic observations at room temperature and 70 K have revealed that the DNA and RNA
base molecules which are randomly dispersed on Cu{111) surfaces self-assemble to form two dimensional superstruc-

ture through the interaction of hydrogen bonding.
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Fig. 1 (a) Molecular structures of four kinds of DNA base molecules; Adenine {A), Thymine (T), Guanine (G) and Cy-
tosing (C). Uracil (U}, the RNA base molecule, is also presented. These molecules can be connected through hy-
drogen bonds, N**:H**N, O*«HQ or N*H--*0. (b) Adenine molecules are dispersed randomly on & Cu{111)
surface to migrate and form two dimensional superstructure through hydrogen bond between molecules.
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Fig.2 STM images of self-assembled superstructure of (a) adenine, (b) thymine, () guanine
and (d) cytosine on Cu(111}) surfaces at room temperature.
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Fig.3 Time dependent STM images of self-organization of cytosine molecules at room
temperature. Molecular chains are imaged as dark stripes (Scan area: 11004 X
1100 A).

Fig.4 STM images of self-assembied adenine molecules with low surface coverage at room temperature (a) and
at 70 K (b}.
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Hexagonal structure

Fig. 5 Self-assembled superstructure of adenine molecules with high deposition rate {a) and low deposition
rate {b). Microscopic models for the self-organization is presented at the right hand side. Adenine mole-

cules are dimerized and combined each other through AAIV and AAV to form one dimensional chain
and hexagonal siructure, respectively.



254 RERE BH19E B48

BB TFREICS 7R F BRI F— O HE &0 -
TERY, ZHAECHEBETLZ Ltk by, FiicRig
E (FEARNA L SEFIC LT o<
ZERRLTVE,

5, GFRAr—ILOMBA B L

T, BFRNER2ERAMEOLY, EbizELDL
PHEELT, OB L 2 TR BT B
WA =X BEEZ LSV,

FF= it HT-ORM~OUFGHE GEEE) o
FOMT LU BRESIARR = BRRD L LT
TENTWAEY, Zhds, BENAT=XAEMDHE
Lipd, Fig.5 (a), ) waRENS LI IcaFEMmE
ERHWEEIZT o F A0 T B B R A
BREEA2L25 [Figs @), wolpiltfndsz bz
FoisoBRROBEOBERAERIND Fe s ).
FLTIOL SR TOBEEDBRNT K - THEES
= RER DR ERTD,

FFoViE 2 BEABR LT WL EAREER TR

H

Vo sV

£

H

H

w=A

W
u SHay,

S At

H H N

AAIl  AHpq = -0.17 eV/dimer

Yo
e
o

N

A

=,

L

AAIV
AHp a1y =-0.14 oV/dimer

NA N

W =HARIL] /
— I o,

H/ NEIE—] .

s

(1998)

0o, FMELWT 2T, ETFI<w—2BRt+2
LELZHND, TITFig 6 iR X5 ikEREEN
LT Foy 2 BEORERE L EORELZRAF—
PEE L. AAI~AAV TREND SHEO 2 BE#H
Wik, 2OREENRELY AAlDHEASHEBRELE
ETHELZ LbRE, L T, EBEShisTR
AMEBETIERTHEELONRA. Z O, AAI2ERE
FL2REHiZ AAIV 2 S BEBRTER>THS L 1R
FTENRTES (Fig.5 @), £, AAIF LR AAV L
WEEToMio T LEORREE (Fig 5 ()
PTES, Fig 5 OMBEREINCE > THBLTIELY,
T, BEETAEE, AAL BRSO H I,
AATV & AAV DA EDE LR Wi, AAlL AAIL
BEZRCTIN. ZEL, AAIF AR 15TFOT
Fo v RABRREE DL BRITIL AALL AANL HREZ
DL (ALY WAFe 6 ZETTEW. b
L, BEEFENIFEIZIEL, AAIX A< —-FHLoBe
TR, 1207 F =0T AALR AATIL O¥
THEFRESTDE, ZZTERTefllisTES, £

4

AAY  AH, ;= -0.21 eV/idimer

N ﬁz
3
H T Hhity e Sl
—
N

H)« m v&___ﬂ(
"“"H
No ( N N
H 1’{ N—(
H
AANL  AH = -0.17 eVidimer

AHany = -0.13 eV/dimer

Fig. 6 Structure and stability of adenine dimers. Calculation has been made

by MOPAC-FM 3.
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Fig.7 (a) Low temperature (70 K) STM images of uracil
molecules at low coverage. (b) Molecular models of a
uracii trimer.
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Fig. & (a) Low temperature (70 K) STM images of uracil at
high coverage. Snow-like two dimensional pattern s
observed. (b) Model for the snow-like pattern consist-
ing of uracil trimers.
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