This article was downloaded by: [University of Haifa Library]

On: 13 August 2012, At: 20:45

Publisher: Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered
office: Mortimer House, 37-41 Mortimer Street, London W1T 3JH, UK

Molecular Crystals and Liquid Crystals
Publication details, including instructions for authors and
subscription information:
http://www.tandfonline.com/loi/gmcl20

Hybridization of Polynucleotides Using
Self-Assembled Monolayer Containing
Pyrenyl Groups

Fumio Nakamura ? & Masahiko Hara ?

% Frontier Research System, Local Spatio-Temporal Functions
) i e Laboratory, RIKEN (The Institute of Physical and Chemical
Research), 2-1, Hirosawa, Wako-shi, Saitama, 351-0198, Japan

Version of record first published: 29 Oct 2010

To cite this article: Fumio Nakamura & Masahiko Hara (2002): Hybridization of Polynucleotides
Using Self-Assembled Monolayer Containing Pyrenyl Groups, Molecular Crystals and Liquid Crystals,
377:1, 57-60

To link to this article: http://dx.doi.org/10.1080/10587250211625

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://www.tandfonline.com/page/terms-and-
conditions

This article may be used for research, teaching, and private study purposes. Any
substantial or systematic reproduction, redistribution, reselling, loan, sub-licensing,
systematic supply, or distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any
representation that the contents will be complete or accurate or up to date. The
accuracy of any instructions, formulae, and drug doses should be independently verified
with primary sources. The publisher shall not be liable for any loss, actions, claims,
proceedings, demand, or costs or damages whatsoever or howsoever caused arising
directly or indirectly in connection with or arising out of the use of this material.



http://www.tandfonline.com/loi/gmcl20
http://dx.doi.org/10.1080/10587250211625
http://www.tandfonline.com/page/terms-and-conditions
http://www.tandfonline.com/page/terms-and-conditions

Downloaded by [University of Haifa Library] at 20:45 13 August 2012

Mol. Cryst. Lig. Cryst., Vol. 377, pp. 57-60 * & Fp

Copyright © 2002 Taylor & Francis go 7«L
1058-725X/02 $12.00+.00 < e
DOI: 10.1080/10587250290088537 < At

Hybridization of Polynucleotides Using Self-
Assembled Monolayer Containing Pyrenyl Groups

FUMIO NAKAMURA and MASAHIKO HARA

Frontier Research System, Local Spatio-Temporal Functions Laboratory,
RIKEN (The Institute of Physical and Chemical Research), 2-1, Hirosawa,
Wako-shi, Saitama, 351-0198, Japan

To realize an efficient hybridization of polynucleotides, self-assembled
monolayer (SAM) containing pyrene groups was prepared on a gold
substrate because pyrene molecules have an affinity for nucleic acid
bases through van der Waals interaction. The SAM was prepared from
11-(1‘-pyrene%-1-und§:acathlol and 11-mercapto-1-undecanol mixed
solution. he mixed SAM gave an efficient hybridization of
polyadenylic acid and polyuridylic acid observed by surface plasmon
resonance.

Key Words: Polynucleotides; Hybridization; Self-assembled monolayer;
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INTRODUCTION

Immobilization of single stranded polynucleotides onto a solid
surface without denaturation is important for an efficient hybridization
of DNA, leading to the determination of the sequence.” On the other
hand thiol or disulfide derivatives can form a closely-packed monolayer
on a gold substrate, called a self-assembled monolayer (SAM), when the
metal substrate is immersed in the thiol or disulfide derivative
solution.® We have already established the immobilization method
of polynucleotides utilizing the SAM containing anthryl groups and

confirmed an efficient hybridization.”” Here, pyrene derivative
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containing thiol group was synthesized and used to immobilize single -
stranded polynucleotides on a solid surface and to realize hybridization
of polynucleotides on the surface. (Figure 1) Immobilization and
hybridization of polynucleotides were monitored in situ by surface

plasmon resonance (SPR).
EXPERIMENTS

The schematic procedure for the synthesis of 11-(1-pyrenyl)-
1-undecathiol (Py-C11-SH) is shown in Scheme 1. The structure of
Py-C11-SH was identified by H'-NMR and FT-IR.®  As a mixture, 11-
mercopto-1-undecanol (HO-C11-SH) was used. The SAM was
prepared by immersing a gold substrate into a 1 mM ethanol solution of
Py-C11-SH and/or HO-C11-SH for 24 hours at room temperature. The
polyadenylic acid (poly(A)) and polyuridylic acid (poly(U)) used in this
study, which were both from SIGMA, were dissolved in 0.2 M NaCl

solutions at a concentration of 0.05 g/1.

, (CH3)10Br
(@ )] ©,
BT(CHz) 1QCOOH — BI’(CHQ) 1()COC| —
80 % 91 %

(CH2)14Br (CH2)y 1SAC (CHz)¢1SH
95 % 61%

SCHEME1 Reagents and conditions: (a) SOCI,, benzene, reflux, 1h. (b)
pyrene, AlCl,, CH,Cl,, 0°C, 3h. (c) Trifluoroacetatic acid, Et;SiH, CCl,,
r.t., Sdays. (d) Thioacetic acid potassium salt, THF, ethanol, reflux, 9h.
(e) NaOH, butanol, reflux, 3h.
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RESULTS AND DISCUSSION

In SPR measurements, the adsorption process occurring at the
solid-liquid interface can be followed in-situ by selecting an appropriate
angle of incidence 6 and monitoring the reflected intensity as a function
of time.”” The adsorption of poly(A) and poly(U) onto the SAMs
prepared using the solution of Py-C11-SH and HO-C11-SH was shown
in figure 2. Poly (A) was adsorbed onto the SAMs containing pyrene
groups, while little amount of poly(A) was adsorbed énto the SAM
prepared using a pure HO-C11-SH solution. This means the poly(A)
can interact with pyrene in the SAM through van der Waals interaction.
The amount of adsorbed poly(A) onto the mixed SAM was more than
that onto Py-C11-SH SAM. The reason why the number of adsorbed
poly(A) decreased was that pyrene groups were closely packed on the
SAM, then nucleic acid bases can not interact with the pyrenyl groups.
In the case of the SAM prepared using a pure Py-C11-SH solution,
poly(A) was adsorbed onto the SAM, while only a small amount of
poly(U) was adsorbed onto the poly(A)-precovered SAM. In the case
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FIGURE 1 Schematic illustration FIGURE 2 Adsorption behavior of
for SAM prepared using a Py- poly(A) and poly(U) onto SAMs
C11-SH and HO-C11-SH mixed prepared from:(a) HO-C11-SH, (b)
solution on a gold substrate. HO-C11-SH and Py-C11-S}

mixture, (c) Py-C11-SH solutions .
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of SAM prepared from the equimolar mixed solution of Py-C11-SH and
HO-C11-SH, subsequently added poly(U) could be adsorbed onto the
poly(A)-precovered SAM. This result indicates that hybridization of
poly(A) and poly(U) was realized on the SAM. In the case of SAM
prepared using a pure Py-C11-SH solution, poly(A) was so tightly
adsorbed on the SAM and the poly(A) could not interact with poly(U)
on the SAM.

CONCLUSION

We succeeded in preparing SAM containing pyrenyl groups
and realizing hybridization of poly(A) and poly(U) using the SAM. By
mixing Py-C11-SH and HO-C11-SH, the efficiency of the hybridization
was increased. By introducing this functionalized SAM, a new DNA
monolayer has been realized without flattening and denaturation,
because the interaction between the intercalator and DNA is due to the

van der Waals interaction.
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