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Gravimetry of Biomolecules at the Water-Substrate | nterface

—~Quartz-Crystal Microbalance—

Y oshio OkAHATA and Hiroyuki FURUSAWA

Faculty of BioScience and BioTechnology, Tokyo Institute of Technology
4259 Nagatuda, Midori-ku, Y okohama, Kanagawa 226-8501

(Received October 27, 2003)

We have developed a quartz-crystal microbalance (QCM), in which fundamental frequency decreases with increasing
mass on the electrode in aqueous solution. When a 27 MHz QCM is employed, a mass of 0.62 ngl cm? deposited on the
electrode decreases the frequency by 1 Hz. Thus, when the host molecule is immobilized on the QCM electrode, the bind-
ing behavior of guest molecules could be observed in nanogram level in aqueous solution. In this review, we report that the
biomolecular recognitions and reactions at the water-substrate interface by using the QCM technique, such as 1) protein
binding to a sugar lipid monolayer at the air-water interface, and 2) oligo nuclectides biding to a nucleolipids monolayer at

the air-water interface.
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Tablel. Various detection methods for biomolecules.

e Binding Time courses
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Fig. 1. Schematic illustration of a 27 MHz quartz-crystal microbalance
(QCM) for the detection of biomolecules at the air-water interface.
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Fig. 2. Typical time-courses of frequency changes (AF) of
a QCM on the mixed monolayer of (a) 2 Cis-Glc :
2 C1sPEDO 40 : 60, (b) 2 C1s-Gadl : 2 C1sPEL 40 : 60,
and (c) the homo-monolayer of 2 CisPE at a surface
pressure of 30 mN m- 1, responding to the addition
of Con A (10 ppm, 0.1 mM, MwO 104,000) from
aqueous solution (2000 , pH 7.4, NaCl 150 mM,
Ca2" and Mn2? 0.1 mM) at the first arrow. The sub-
phase was changed to 0.1 M glucose solution at the
second arrow.
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Fig. 3. (a) Saturation binding behavior of Con A to the
mixed monolayer of 2 Cis-Glc (1, 40, and 60 mol O )
and 2 C1sPE depending on the concentration of Con
A in the subphase (200, pH 7.4, NaCl 150 mM,
Ca2" and Mn?@ 0.1 mM, at the surface pressure of
30 mN m“1). (b) Linear correlation between [Con
AlddAm and [Con Alo.
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Table2. Thebinding (ki) and dissociation rate constants (k-1), and association constants (Ka) of Con
A with the mixed monolayer of 2 C1s-Glc and 2 CisPE.

Monolayer content
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Fig. 4. A schematic illustration of DNA hybridization between the nucleobase
monolayer and oligonucleotides at the interface, and chemical structures of
the monolayer-forming nucleobase lipids.
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Fig.5. Time courses of frequency decreases (mass in-
creases) responding to the addition of 30-mer oli-
gonucleotides (dTso, dAso, dGso, and dCso a 25 nM)
to (A) 2 Cis-A and (B) 2 Cis-T monolayers (250 ,
10 mM Tris-HCI, pH 7.8, 1.0 M NaCl).
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Fig. 6. (A) Time dependence of binding behavior of oligo
deoxythymidine dT3o and (B) saturation behavior of
binding amounts (Dm) to various adenine monolay-
ers (250, 10 mM Tris-HCI, pH 7.8, 1.0 M NaCl).
(8) 2 Cis-A, (b) 2 Cis-dA, (c) 3 Cis-A, (d) Cis-A, and
(€) 2 Cas-P-dA.

Table3. Association constants (Ka) and maximum binding
amounts (Dmmax) of dTso to the adenine lipid

monolayers?.

Lipid Kal10° M™* DmmaIng cm™ 2
Ci-A 01 11
2Cis-A 3000 64
3Cis-A 100 60
2 Cis-dA 340 70
2 Cis-P-dA 01 12

2250, 10 mM Tris-HCI, pH 7.8, 1.0 M NaCl.
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Table4. Comparison of kinetic parameters of hybridization both at the interface

and in bulk solution?,

kil103 MEP1sP1 kga01093s71  Kd1106 MPB?
2 Cis-All dT=o (at the interface) 480 13 390
dAs00J dT3o (Double strand) 230 0.11 2100

a250, 10 mM Tris-HCI, pH 7.8, 0.2 M NaCl.
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