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Selective Guest Binding onto Nucleic Acid Base Monolayers Immobilized on
a Highly Sensitive Quartz-Crystal Microbalance in Gas Phase
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Self-assembled monolayers bearing a thymine or adenine
base as a terminal group were immobilized on a highly sensitive
(63 MHz) quartz-crystal microbalance. Selective binding
processes of guest molecules were obtained as mass increases
(frequency decreases) in gas phase.

Molecular recognition . by hydrogen bond is one of
fundamental processes in biological systems, and many model
systems have been proposed in host-guest chemistry and
supramolecular chemistry. The host-guest interactions involving
hydrogen bonding have been studied mostly in organic
solutions! and recently at the air-water interface.2 Molecular
recognition in the gas phase would be most simple and
fundamental system devoid of solvent effects.34 A quartz-
crystal microbalance (QCM) is obviously one of useful
techniques to detect directly molecular binding process by
measuring mass changes in gas phase.5-7

In this paper, we report kinetics of gas phase molecular
recognition on a self-assembled monolayer of decanethiol having
thymine 1 and adenine 2 at the terminal-position using a highly
sensitive (63 MHz) quartz-crystal microbalance (QCM) (see
Figure 1).

A 9-MHz, AT-cut QCM was connected to a handmade
oscillator designed to drive the quartz at the 7-th overtone (63
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Figure 1.  Schematic illustration of binding of guest

molecules from gas phase onto a self-assembled monolayer
immobilized on a highly sensitive 63 MHz quartz-crystal
microbalance (QCM).

MHz).8 Frequency changes were followed by a universal
counter (Hewlett Packard Co., Ltd., Tokyo, model 53131A)
attached to the microcomputer system. Calibration of the 7-th
overtone 9-MHz QCM showed that 0.11 ng of substrate binding
corresponds to 1 Hz of frequency decrease, which was
consistent with Sauerbrey equation.>-8

The QCM having two Au electrodes on both sides (16 mm?
X 2) was immersed into 5 mM ethanol solution of the 10-
(thymin-1-yl)-1-decanethiol 1 for 12 h. After rinsing with
ethanol and Milli-Q water, the QCM was dried and kept under Ny
atmosphere. The frequency was decreased by 870 + 10 Hz
(mass increase, Am = 100 * 3 ng) by immobilizing the
monolayer 1. The theoretical mass of the monolayer on two gold
electrodes was calculated to be 110 ng, if the surface roughness
was assumed to be about 2. These values indicate that the Au
electrode was covered as a monolayer of thymine derivative.
Similarly, the adenine 2 and decane 3 monolayers were also
immobilized onto the QCM.

The monolayer immobilized QCM was set in a flow cell (70
cm3), in which a mixture of saturated vapor of guest molecules
and dry Ny gas was flowed at a rate of 2 L/min and at various
concentrations of guest molecules.

Figure 2 shows typical time courses of frequency changes of
a 63 MHz QCM immobilized with the thymine monolayer 1
responding to exposure of the same concentration (1.4 x 10-6 M)
of 2-aminopyridine, y-butyrolactam and aniline in gas phase at 25

°C. We used here 2-aminopyridine and y-butyrolactam as models
of adenine and thymine molecules, respectively, since nucleic
acid bases are difficult to be vaporized in air at normal
temperature and pressure. An adenine model of 2-aminopyridine
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Figure 2. Time courses of frequency changes of the
QCM immobilized with the thymine monolayer 1. (a):
2-Aminopyridine, (b) y-Butyrolactam, and (c) Aniline.
Gas phase concentration of guests was 1.4 x 106 M at
25°C.
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fairly bound onto the thymine monolayer 1 probably due to
complementary two-point hydrogen bonding ability with the host
membrane. In spite of bearing two-point hydrogen bonding
ability with thymine, y-butyrolactam (a thymine model) hardly
adsorbed onto the thymine monolayer 1, as well as aniline that
would bind by one-point hydrogen bond with the thymine
membrane.

The time course of binding behavior of guest molecules onto
a host membrane is expressed as following equations.

kp
[Host] + [Guest] _—_)i [Host/Guest] )]
1

Am, = [Host/Guest); = Am, {1 -exp(-t/71)} 2)

where T! = k;[Guest] +k_; 3)

The binding and dissociation rate constants (k; and k_;,
respectively) were obtained from eq. 3 at several different
concentrations of guest molecules. Association constants (Kj)
were obtained from kj;/k.;, and kinetic parameters are
summarized in Table 1.

Selective binding between the thymine monolayer 1 and 2-

Table 1. Kinetic parameters for binding of guest
molecules from gas phase onto the host monolayers at
25°C
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|}M ., 21 27 78
W,
o o= (Thymine model)
M.MNPs:O. ''''' N 18 54 33
E}s_ O
s
.
Et g w2
enine ; n  (Adenine model)
DSMM‘%IN% 45 079 57
:‘N (Thymine model)
NN
anmmananN  H
ki %:(/% N 19 92 2.1
NS
e I, 7.9 12 6.6
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Chemistry Letters 1996

aminopyridine (an adenine model) showed about 100 times larger
K, value than other host-guest combinations. This large
selectivity of K, value is due to the larger binding rate constant
(kp) and the smaller dissociation rate constant (k.;) than those of
non-selective bindings. The similar selective binding kinetics
were observed in the combination between the adenine
monolayer 2 and a thymine model of y-butyrolactam, although
the difference of K, value is not so large (5-20 times). When the
self-assembled monolayer of 1-decanethiol 3 was used, all of
these guest molecules were hardly bound to the alkane
membrane. These results clearly indicate that guest molecules
selectively bind to the nucleic acid base membrane by using
selective hydrogen bonding even in gas phase.

The selectivity (about 102 times) for K, values of the
thymine monolayer 1 with 2-aminopyridine in gas phase is
comparable to the selectivity reported for association of 1-
cyclohexyluracil (U) and 9-ethyladenosine (A) in CHCI3
obtained by IR spectroscopy (K4y = 140 M-! and Kyy = 6.1
M-1 at 25 °C).9 However, binding constants obtained in gas
phase (107 M-1) is very large compared with those obtained in
organic solvents (102 M-1). This is probably due to devoid of
solvent effects in gas phase.

We are currently studying the similar molecular recognition
comparing in gas phase, in aqueous solution, in organic media,
and at the air-water interface by using the QCM system.
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