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Study for Origins of Homochirality and Life: Investigation for the Cosmic Scenario Using Vacuum
Ultraviolet Light and Synchrotron Radiation
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Dominant amino acids, except for glycine, in proteins and dominant sugars in
nucleotides on the earth are L-type and D-type, respectively. This important
characteristic of life on the earth is called biomolecular homochirality. It is well known
that “chiral defects”, random disturbances of homochirality of the primary structure,
impede the formation of both the double helix in nucleic acids and o-helixes and
B-sheets in proteins (Spach and Brack, 1979; Goldanskii ez al., 1986). Therefore, it is
important to achieve the bomochirality in order to produce biomacromolecules and
obtain complex 3D conformation, but the origin is not cleared. Following two evidences
suggest the homochirality was triggered in space by circularly polarized light (CPL)
irradiation and was delivered to the primitive earth (“cosmic scenario™).
® Enrichment of L-type amino acids was detected from Murchison and Murray
meteorites (Cronin and Pizzarello, 1997; Pizzarello and Cronin, 2000; Pizzarello et
al., 2003)
® Circularly polarized light (CPL) which induces asymmetric photolysis was
observed in space (Bailey et al., 1998; Rosenbush ef al., 2003; Fukue et al., 2009).
In this thesis, following three experiments are reported as the first step to examine the
cosmic scenario.

1. Examination for racemization of aspartic acid during photolysis induced by
non-polarized 8.5 eV vacuum ultraviolet (VUV) light irradiation.

In view of cosmic scenario, the enrichment had been kept during space travel.
However there are various racemization factors in space. In order to examine whether
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(1) aspartic acid (Asp) is racemized by VUV irradiation and (2) the decomposition
products have same chirality as Asp, L- or D-Asp sublimated films were irradiated with
non-polarized 8.5 eV VUV light.

Sublimated films of L-Asp or D-Asp were irradiated with non-polarized 8.5 eV
VUV light in vacuum at room temperature. After irradiation, each film was dissolved
with distilled water and analyzed by using HPLC.

Reactions expressed as “L-Asp + hv —> L-Ala + B-Ala (+ other achiral
molecules)” and “D-Asp + hv — D-Ala + B-Ala (+ other achiral molecules)” occurred
for L~ or D-Asp films jrradiated with non-polarized 8.5 eV VUV light. It was concluded
that chirality was preserved for photolysis of Asp to Ala. Decomposition quantum
efficiency of solid L-Asp was 0.18 + 0.04. This means that with probability about 80 %,
solid Asp itself was preserved for VUV irradiation. It is reported that in the case of
aqueous solutions irradiated with 222 nm UV light (Nakagawa e al., 2000), the
decomposition quantum efficiency was 0.48 + 0.02. Although the itradiation energy was
smaller than this work, Asp in water was easily decomposed. These results suggest that
solid Asp was much stable than aqueous. This result suggests that solid Asp is much
stable than aqueous solution and supports cosmic scenario.

2. Examination for racemization and dimerization of alanine induced by non-polarized
7.2 eV VUV light irradiation

It is well known that “chiral defects” impede the formation of both double helix in
nucleic acids and o-helixes and PB-sheets in proteins. Therefore, amino acids and
nucleosides must polymerize against racemization. In view of origin of life, it is
important, to examine the ratio of racemization rate to homo-oligomerization rate,
namely production rate of oligomers composed only L-type or only D-type molecules. In
this experiment, it was verified the decomposition, racemization and dimerization rate
of solid L-alanine (Ala) induced by non-polarized 7.2 ¢V VUV light.

Sublimated films of L-Ala were irradiated with non-polarized 7.2 eV VUV light in
vacuum at room temperature. After irradiation, each film was dissolved with distilled
water and analyzed by using HPLC.

Reaction expressed as “L-Ala + hv — L-alanyl-L-alanine (LL) +
D-alanyl-L-alanine (DL) + L-alanyl-D-alanine (LD) + D-Ala (+ other achiral molecules)”
occurred, namely racemization, homo-dimerization and hetero-dimerization were
observed. L-Ala was stable with the probability of 11 % per 7.2 eV absorbed photon.
The detail of 11 % was; 0.52 % racemization, namely productionv p-Ala, 0.13 %
homo-dimerization, namely production of LL and 10.35 % the other production of other
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achiral molecules. The rate of racemization was 4 times as large as the rate of
homo-dimerization. In view of chemical evolution in space and achievement of
homochirality; this result may be critical problem. Therefore it is necessary to carry out
similar experiments at ultra-cold temperature.

3. Examination of the possibility of asymmetric photolysis induced by circularly
polarized soft X-ray

Asymmetric photolysis of amino acids induced by circularly polarized ultraviolet
has been reported (Flores et al. 1977; Nishino et al. 2001; Nishino ef al. 2002;
Meierhenrich et al. 2005; Takahashi ez al., 2009). If the circularly polarized light source
is synchrotron radiation, which includes not only UV but also X-ray (e.g. Atoyan and
Abaronian, 1996), in space, circularly polarized soft X-ray may also act as an
asymmetric energy source. However the effect of circularly polarized X-ray has never
examined. In order to examine the possibility of asymmetric photolysis induced by
circularly polarized soft X-ray, NCD spectra of Asp, serine (Ser) and Ala, were
measured in oxygen K-edge region.

The spectrum curve of L-Asp changed from negative to positive with the increase
of photon energy in the energy range of 530-535 eV. In contrast, the spectrum curve of

L-Ser changed from positive to negative with the increase of photon energy. In the case .

of L-Ala, only one negative peak was observed. Difference among three amino acids
reflects the difference of chiral environment of the core hole oxygen atom of COO™.
Since COO™ is common part of the biomolecular amino acids, side chain affects NCD

of COO™. It is interesting in view of application of NCD in soft X-ray region. In order to .

compare the magnitude of NCD, the ratio g of NCD to absorption cross section was
obtained. Maximum g value of L-Asp was 1.4 %. In the case of L-Ser and L-Ala,
Maximum g value was 0.055 % and 0.30 %, respectively. Maximum g value in soft
X-ray region which have reported in the past (Turchini ef al., 2004; Tanaka ef al., 2005;
Nakagawa et al., 2005) besides L-Ser and L-Ala is 107 orders of magnitude. Thus
1.4 % is quite large value. The reason why L-Asp shows such a large NCD is open
question at the present time. It is very interesting in view of both experimental and
theoretical soft X-ray NCD studies.

Spectrum shapes and magnitude of NCD among three kinds of amino acids were
dramatically different. Therefore, it was concluded that asymmetric photolysis induced
by circularly polarized soft X-ray would be occurred in the case of those amino acids.
However, in soft X-ray region, achieved enantiomeric excess would be affected by
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secondary electrons. It is necessary to carry out circularly polarized soft X-ray
irradiation experiments.
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