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Summary

Using synchrotron radiation as a light source, absorption spectra of membrane lipids and spike
proteins, viral components of Sendai virus, were obtained in the wavelength regions from 130
nm to 320 nm. The absorption spectrum of lipids have a broad peak at 190 nm and a steep
rise below 160 nm, while purification of lipids caused a decrease in absorption at the
wavelength longer than 170 nm and an increase below 160 nm. From this result, the rather
flat absorption of crude lipids in the longer wavelength region is concluded to originate from
diffused reflection. Spike proteins show a small peak at 280 nm and a shoulder at 230 nm in
addition to a more pronounced peak at 190 nm and a slight increase below 160 nm. They give
more diffused reflection of light than lipids. This is ascribed to the fact that they have no
better solvent to transform themselves into thin films.

Introduction

Since synchrotron radiation was developed as a source of vacuum UV, action spectra
of microorganisms such as phages?, viruses?, bacteria® and yeasts*), have been elucidated.
Comparison between action spectra of these living substances and absorption spectra of
their components, like membrane lipids and proteins, has been a long standing problem.
Few data of absorption spectra, however, were available excluding DNA®.

We have been trying to measure the absorption spectra of membrane lipids and spike
proteins from Sendai virus using synchrotron radiation (SR) in the wavelength from 130
nm to 320 nm®. This technique is accompanied by some technical difficulties of the
measurement especially in the vacuum-UV region. The samples have to be made into
thin films, and be transparent without giving diffused reflection as possible. Their optical
properties have also to be unchanged in a high vacuum. :

The viral lipids used here are not vaporized in a vacuum, and could be made into a
thin layer. On the other hand spike protéins have no better solvent to form transparent
films. In the present report, we discuss technical points for measuring absorption spectra
of both types of substances with SR.
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Materials and Methods

Virus The Z strain of Sendai virus grown in the allantoic sac of 10-day-old em-
bryonated eggs was used throughout this study as described elsewhere?. The viruses were
pelleted from the allantoic fluid harvested at 72 hr after incubation by centrifugation at 43,
000 g for 30 min with a Hitachi RP50—2 rotor. By repeating the same procedures viruses
were purified for the use of experiments.

Preparation of viral lipid and spike proteins Spike proteins were prepared with a
dialysis of a supernatant containing spike proteins and lipid bilayers according to the
procedures described previously”®?. Viral lipids were extracted with chloroform-
methanol (2:1) from virions. Some optical experiments were made for samples extracted
with pure methanol. In this case, some dark precipitate remained a little in the solution.

Measurements of absorption spectra Synchrotron radiation ring of Solid State
Institute of University of Tokyo was used for the light source of vacuum-UV. The
method for absorption measurements of thin films followed the previous one, which was
used for ATP and other nucleic acid-related compounds®, with some improvement for the
beam to be defined precisely. Figure 1 shows the scheme of the sample arrangement. A
sample film was prepared by vaporizing a solution (usually 4 yl) of the corresponding
substance with a known concentration placed on a 3X3 mm area defined by silicone oil
on a CaF, plate (thickness, 0.5 mm) in a vacuum system. Immediately behind the CaF,
plate a diaphragm of 2 X2 mm made of aluminum was placed in order to center light path
to the sample area. The beam size at this position was 7X9 mm. Monochromatic light,
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Fig. 1. Arrangement for absorption measurements of thin films. Symbols:

SR, synchrotron radiation; s, sample film (3X3 mm); CaF, plate
(thickness 0.5 mm); D, diaphragm (2X2 mm); C, cassette; PT,
photomultiplier.
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thus, goes through the sample film, the CaF, plate, and the diaphragm, and reaches a
photomultiplier with a salicylate coat placed at the distance of 150 mm from the dia-
phragm.

The absorbance (log (I,/I)] of the material was calculated using photomultiplier
readings with and without sample films at a given wavelength. Scanning wavelength over
the region from 130 to 320 nm required about 20 minutes. The readings at 5 nm intervals
were fed to a desk top computer for the necessary calculations. The bank width of
monochromatic light was estimated to be about 3 nm under the present conditions®. The
molar extinction coefficient could not be calculated with the present materials because of
the undefined molecular weight. The variation of incident photon flux due to the slow
decay of ring current was automatically corrected®.

Results and Discussion

Figure 2 shows absorption spectra of lipids depending on various extraction proce-
dures. Crude lipids (film of type 1), prepared from a solution after the first extraction
with chloroform-methanol, gives a spectrum with a peak at 190 nm, which is increasing
with decreasing wavelength below 170 nm (squares). With purer lipids (film of type 2),
prepared from a solution after three times of extraction, a little lower absorption is found
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Fig. 2. Absorption spectra of crude lipids (film of type [, (1), purified lipids
(film of type 2, ), and methano!-extracted lipids (film of type 3, @).
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in the wavelength region of higher than 180 nm excluding 195—210 nm. On the other
hand, absorption increases at wavelength shorter than 160 nm (open circles). The
decrease in absorbance at 190 nm may come from reduction of proteins contaminated.

In the case of film of type 2, further extraction of these lipids with pure methanol!®
results in somewhat strong enhancing of absorption at the vacuum-UV region (filled
circles). It is noted that the extraction with pure methanol gives a little dark precipitate
in solution. Viral lipids are known to be composed of various kinds of lipids. Some of
them must be removed from the solution with this extraction process. Hence, our
experimental result may reveal that the optical absorption of structurally mixed substances
is strengthen by decrease of the number of components. This argument is not opposed to
the results that the absorption of the film of type 2 at shorter wavelength is stronger than
that of the film of type 1. In this case, some proteins may be reduced by the process of
repeated extraction.

Absorption of film of type 1 at longer wavelength is rather flat, and largely reduced
by further extraction with chloroform-methanol. Since this process removes proteins
from the samples, as noted above, the transparency must be improved. The absorption of
film of type 1 at longer wavelength region, thus, may originate from diffused reflection of
the light. In fact lipids are known to have no absorption band at longer than 250 nm.
As a matter of fact, it was proved with a conventional spectrophotometer that the sample
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Fig. 3. Absorption spectra of thin films of lipids, thickness, 2 x1 (O), 4 pl
(@) and 8 41 ([0). The inset shows the relationship between thick-
ness and absorbance at 160, 190 and 220 nm.
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solution for the film of type 2 have no such absorbance. On the basis of arguments above,
film of type 2 is taken to be the best sample of the three, though the diffused reflection
could not be completely excluded. The peak of absorption at 190 nm is pointed out to
be from unsaturated double bonds'”. The sharp increase below 160 nm may arise from
saturated bonds!V.

Figure 3 represents three absorption spectra of lipid films of type 2 with different
thicknesses which was controlled by changing the amount of sample solution. In the inset
is shown relationship between the thickness of the film and the absorbance for 160, 190
and 250 nm. Plots for every wavelength were on a good linear line. This result means
that the absorption spectrum obtained within the maximum thickness is not deformed in
the whole wavelength range employed.

Incidentally, the absorbance of the film of type 2 above 250 nm is ascribed to diffused
reflection as pointed above. Our result reveals that this effect also depends linearly on the
thickness of the film within the experimental condition. It means that when we subtract
the absorption at 250 nm from the whole spectrum as a base line, the resultant absorption
at every wavelength depends linearly on the thickness. This discussion may be useful to
determine the absorption coefficient of those samples in the vacuum-UYV region.

The absorption spectrum of spike proteins is shown in Figure 4. Since the proteins
are not soluble, but suspended in water, the resultant film appears opaque. In spite of
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Fig. 4. Absorption spectra of spike proteins (@) The films was made from
suspension,
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that, the spectrum obtained have some features characteristic to the aromatic amino-acid
residues of protein (280 nm), double bonds or conjugated double bonds (230 nm) and
unsaturated carbon (190 nm)'*?,,

The relatively high absorbance at longer wavelengths represents the influence of the low
transparency of the film. Most of them may be brought from diffused reflection. Itisa
future problem to know how the scattering influences absorption spectrum in the
vacuum-UYV region.

Conclusion: Some viral components could be made into films. Since they are usually
not entirely transparent, diffused reflection intervenes, more or less, in the absorption
spectra. In spite of that, we obtained absorption spectra characteristic to the molecular
structures of the film substances. This technique will help to elucidate more absorption
data useful for the comparison of them with action spectra of many living substances,
though it remains still a problem how to control the effect of diffused reflection.
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