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Homochirality of amino acids and sugars

Enantiomers of chiral molecules Biopolymers on Earth

o-L-amino acids

Left-handed (L.-)  Right-handed (D-)
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1. L-excess of amino acids in meteorites

Glavin et al. Chem.
Rev. 120 (2020)
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4. Asymmetric photolysis

UV LCPL

Meinert et al.
Angew. Chem.
Int. Ed. 53 (2014)



CD and anisotropy spectroscopy. experiments at ISA IR AarhtS

CD = AcpL — ArerL

g (A) = (Acp, — Arcp) /A = g/
| %ee| = (1-(1-§)191/2) x 100%

%ee = ];—g X 100%

Enantiopure
sample




Asymmetric photosynthesis of amino acids
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Asymmetric photolysis of racemic solid-state alanine
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Depsipeptides as proto-peptides AP
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Depsipeptides as proto-peptides B ®°
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Meinert et al. Nat. Commun. 13 (2022).



Propylene oxide: the 15t chiral molecule detected in Space
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Propylene oxide: the 15t chiral molecule detected in Space
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Propylene oxide: the 15t chiral molecule detected in Space
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Isovaline

Non-proteinogenic amino acid NOT ubiquitous on Earth (racemic/D)

Not prone to rapid racemisation
ee, of up to ~20% in

carbonaceous chondrites

Magnitude of ee, ~ the extent of aqueous alteration (ClI, CR, CM)
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Asymmetric photochemistry. of isevaline

. Bockova et al. Nat. Commun. 14 (2023).
1. CD/anisotropy spectroscopy (2023)
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Asymmetric photochemistry. of isovaline

i Bockova et al. Nat. C .14 (2023).
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Asymmetric photochemistry. of isovaline

1. CD/anisotropy spectroscopy
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3. UV CPL irradiation

OPO laser
(192-2600 nm)

Soleil-Babinet
compensator

Bockova et al. Nat. Commun. 14 (2023).
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Asymmetric photochemistry. of isovaline

1. CD/anisotropy spectroscopy
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3. UV CPL irradiation

Soleil-Babinet
compensator pL-Isovaline film
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4. GCxGC analysis
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Isovaline’s ee below detection limits in pristine chondrites
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What about sugars...?
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Furukawa et al. PNAS 116 (2019).
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Development of a protocol for simultaneous enantioselective analysis of sugars and

amino acids in extra-terrestrial samples.
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Sample powdering Extraction
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Longevity of lipids

2 Gyr ago 3 Gyr ago 4+ Gyr ago

Amino acids’ ee, ~ 10 Myr

Lipids, ~1.6 Gyr Oldest potential age
\ for lipids, ~3.4 Gyr

- Wilhelm et al. 52" Lunar Planet. Sci. Conf. 2634 (2021).



Contemporary membrane phospholipids
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Contemporary membrane phospholipids
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Contemporary membrane phospholipids

sn-glycerol-1-phosphate (L-)
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Fatty acid tails
Backbones & side

chains detected in
sn-glycerol-3-phosphate (p-) simulated ices, e.g.:

Zhu et al. ApJL 899 (2020).
Zhu et al. ApJS 234 (2018).
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Alternative backbone precursors

HO—C—H

I

HO—C—H
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Alternative backbone precursors
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To sum up...
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A Asymmetric photo-lysis/-synthesis of amino acids by monochromatic
CPL is capable of inducing chiral bias.

Different environments & broad wavelength range
Explanation of non-detections of isovaline’s ee in meteorites.

Propyleneoxide: 1st prediction of the handedness of polarization in our
pre-solar nebula.

Studying the net effect of broadband CPL across different molecular
families and environments...
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