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Introduction

There has been considerable interest in both the experimental and theoretical
investigation of the low-frequency motion associated with molecules and molecular
aggregates in condensed phases. Vibrational motions with resonance frequencies in the
terahertz (THz; 1 THz = 10* Hz) frequency range are characterized by weaker potential
forces and/or larger reduced masses, which are in sharp contrast to vibrations localized within
a molecule with resonance frequencies in the mid infrared region.*® In this work we report
our recent activities on the application of THz time-domain spectroscopy (TDS) to condensed
phases on biologically important small molecules such as adenosine triphosphate (ATP) and
its related compounds to investigate low-frequency dynamics and inter- and intramolecular
interactions. We especially focused our attention to temperature dependence and hydration
effect on the THz spectra of these compounds.

We have measured the low-frequency spectra of ATP and its related compounds such
as adenine and adenosine. In the metabolic processes ATP is used as an energy source to
convert it back into its precursors. Therefore, ATP is continuously recycled in organisms.
Two phosphoanhydride bonds in an ATP molecule are responsible for the high energy content
of this molecule. Structural fluctuation of these bonds can be investigated by THz-TDS.
Results and Discussion

In the series of our THz studies we display the experimental results as the reduced
absorption cross section (RACS) defined as,
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where () is the absorption cross section, n(v) is the refractive index, # = 1/ksT, N is the
number of molecules, M(t) is the total dipole moment of the system, and the other symbols
have usual meanings.® RACS is a physical quantity defined per mole of molecule. At high



temperatures, og(V)=n(V)o(V).

We measured THz spectra of adenine, adenosine, adenosine monophosphate (AMP)
sodium salt, ATP magnesium salt, and ATP disodium salt at room temperature as shown in
Figure 1. The samples are dried in a vacuum desiccator for one hour. Adenine and adenosine
have a band at 55 cm™ and 37 cm™, respectively. The RACS intensities below 35 cm™ for the
two molecules, where there is no resonant band observed, are typical for other organic
molecules in the non-resonant THz frequency region.

Interestingly, the three phosphate compounds have a large intensity of the RACS in
the THz frequency region compared to those of adenine and adenosine. As can be seen in
the figure, it is found that addition of one phosphate group to adenosine makes the RACS
intensity significantly large. However, the difference between AMP and ATP is rather small.
Furthermore, we can see a clear difference between the ATP disodium salt and ATP
magnesium salt. We, therefore, suggest that the large increase in the RACS intensity by
addition of the phosphate group results from the presence of both anionic phosphate group
and counter cation. This pair makes a large dipole moment in the molecule, and, consequently,
the RACS intensity becomes significantly large.

10 5 5 5 Figure 1. Reduced absorption cross

o T AT et 294K W/ | section (RACS) of adenine, adenosine,
—~ AMP soplium salt \) [\ A B
5 e Adenosine % [Vp ) AMP sodium salt, ATP magnesium salt,
g 6 —— Adenine
f \ and ATP disodium salt at room
Q
< -
= temperature. All the samples are dried.

»

/ e

0=

I I I
10 20 30 40 50 60

wavenumber (cm )

References

i K. Yamamoto, K. Tominaga, H. Sasakawa, A. Tamura, H. Murakami, H. Ohtake, and N.
Sarukura, Biophys. J. 89, L22 (2005).

21 O. Kambara and K. Tominaga, Spectroscopy- Biomedical Applications, 24, 149 (2010).

@1 S. Kawaguchi, O. Kambara, C. S. Ponseca Jr, M. Shibata, H. Kandori, and K. Tominaga,
Spectroscopy- Biomedical Applications, 24, 153 (2010).

41 C.S. Ponseca Jr, O. Kambara, S. Kawaguchi, K Yamamoto, and K. Tominaga, J. Infrared
Milli. Terahz. Waves, in press.

51 O. Kambara, A. Tamura, T. Uchino, K. Yamamoto, and K. Tominaga, Biopolymers, 93,
735 (2010).

6] S. Kawaguchi, O. Kambara, M. Shibata, H. Kandori, and K. Tominaga, Phys. Chem.
Chem. Phys., in press.



