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Fig. 1 Far-UV NCD spectra of L-, D- and DL-alanine films'? meas-
ured with a conventional CD spectrophotometer (JASCO
J720WI).
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Fig. 2 Absorption coefficient of a bio-molecule, phenylalanine. 5—
30eV: Our experimental result. 100-1000eV: Calculated
result of available optical constants of atoms by Henke
(1993)%).
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Fig. 3 Schematic illustration of electronic transition responsible for
NCD.
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Fig. 4 Experimental configuration (a) and procedure (b) of measurement of NCD spectra.
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Fig. 5 (a) Normalized XANES spectrum of L-Phe film near the
nitrogen K-edge. (b) Normalized 4;,—Ax spectra of Phe
films. Red line: L-Phe. Blue line: pD-Phe. Green line: pL-Phe.
(c) Calculated NCD of Phe by Yang et al. (1999)4).
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Fig. 6 (a) Normalized XANES spectrum of L-Ser film near the oxy-
gen K-edge. (b) Normalized A;—Ap spectra of Ser films. Red
line: L-Ser. Blue line: p-Ser. (¢) Calculated NCD of L-Ser by
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Soft X-ray circular dichroism of biomolecules

Kazumichi NAKAGAWA Faculty of Human Development, Kobe University
Tsurukabuto, Nada-ku, Kobe 657-8501, Japan

Makoto TANAKA Research Institute of Instrumentation Frontier, National Institute of
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Abstract We succeeded to observe natural circular dichroism NCD for biomolecules in soft X-ray region for
the first time. Evaporated films of amino acids, phelylalanine (phe) and serine (ser) were prepared in vacuum
with the thickness of about 300 nm. Measurement was carried out at the soft X-ray undulator beamline
BL23SU of the Spring-8, where left- and right-circularly polarized light (LCPL and RCPL) was available from an
APPLE-2 undulator. Difference spectra DA (hv) was plotted as a function of photon energy hv of soft X-ray to
be the difference between absorption coefficient A, for LCPL and absorption coefficient Az for RCPL, namely,
DA (hv) =A, (hv)-Ag(hv). Values of A, and Az were determined by means of the photoelectric drain current
measurement. In the DA (hv) spectra for L-phe films, negative peak was observed at 407 eV. On the contrary,
for D-phe films, positive peak was observed at 407 eV with the same magnitude but opposite sign. Moreover,
no signal was observed for racemic phenylananine (DL-phe). In the wavelength region of visible to ultraviolet,
there is well-known general law in which NCD signals for D- and L-enantiomers are the same magnitude but
opposite sign and racemic compound does not show NCD spectra. Characteristic features in DA (hv) spectra
of the L- phe, D-phe and DL-phe were of good agreement with this well-known general law. Based on this good
agreement, we concluded that peaks at 407 eV in the DA (hv) spectra are true NCD peaks. For ser films, we
assigned peaks at 540 eV and 548 eV to be NCD peaks in the same manner. We hope that our first observa-
tion of NCD for biomolecules at soft X-ray region will open new science and technologies such as basic
science including elucidation of fundamental mechanism of NCD and application to manipulate biomolecules
using circularly polarized soft X-ray beams.
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