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1. Emergence of RNA and Peptides
2. Replication by templated ligation
3. Darwinian evolution on an early Earth



Chemical Evolution RNA oligomerization in “dry” state

Dry, 1 day, pH 9-11, 4 - 80°C o ESI-TOF-MS
HPLC @ 60°C Fitting isotopes

e 1E+9- A
— 2mer Spectra N
——  3mer Sreekar
4mer
5mer 1E+8- Wunnava
—— Bmer
— Tmer
—  8mer
——  9mer 1E+7-
—— 10mer
EL . ﬂ
- 5 1E+6-a
i _ . s J ‘ .‘ JLLM—— u .
g .~ 10000
b d d b L AT—

|| 1000 3'/2'-P

IR = S

e . 3P NMR

0 10 20 30 40 Polymerised G

Minutes CYC“C-P
ChemSystemsChem P-NMR: 60% : 40%
Trimetaphosphate doi.org/10.1002/syst. -5"and 2'-5

202200026 (2022 LSy R

(TMP) (2022) inkage”

Synthesis by heat
Yield 98% @550°C




Chemical Evolution
Dry, 1 day, pH 9-10, 4 - 80°C
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Homochiral selection
Dry, 1 day, pH 10, 25°C
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Catalytic Amino Acids
Dry, 1 day, 20ul, pH 10,
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Catalytic Amino Acids
Dry, 1 day, 20ul, pH 10, 20°C
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Catalytic Amino Acids
Dry, 1 day, 20ul, pH X, 20°C
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Base

Catalytic Amino Acids
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Crosscatalytic
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Crosscatalytic Dry, 1 day, pH 10, o
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° 2.0x10° Dry, 1 day, pH 10, 0
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1. Emergence of RNA and Peptides
2. Replication by templated ligation
3. Darwinian evolution on an early Earth



Replication by templated ligation

Short random sequences
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Copolymerization of A+U
Dry, 1 day, 20ul, pH 10, 20°C
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Templated ligation of RNA at low Mg?* concentration
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Splint ligation of RNA at low Mg“* concentration
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Symmetry breaking in Replication
by templated Ligation (with ligase)
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Symmetry breaking in Replication
by templated Ligation (with ligase)
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Replication dynamics in sequence space
From Random to Non-random Sequences
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Replication dynamics in sequence space

A-rich sequence network T-rich sequence network From Random to Non-random Sequences
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Kinetic selection of simpler, longer sequences
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Cross-catalytic networks with 2°,3’-cyclic RNA
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Early Earth and Exoplanets

. Water world
Moon forming impact with some volcanic islands
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Temperature difference across volcanic rock pores

te

ion si

Iceland, old erupt




Temperature difference: wasteless non-equilibrium
Cold €=-v®axWarm

“Rock crack” 20mer DNA
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Heated air-water interface

_Condensation

Precipi-| Evapo-
 tation / ration

Nature Chemistry (2019)
doi.org/10.1038/s41557-019-0299-5

We also work on other scenarios: fumaroles, humidity cycles, dry feeding



Heated air-water interface
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Nature Chemistry (2019)
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We also work on other scenarios: fumaroles, humidity cycles, dry feeding



Heated air-water interface
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Bubble
growth

Flow

Nature Chemistry (2019)
doi.org/10.1038/s41557-019-0299-5
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PCR at air-water interface
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PCR at air-water interface
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Fast sequence evolution at Interface
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Heated air bubbles
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1. Emergence of RNA and Peptides

2. Replication by templated ligation

3. Darwinian evolution on an early Earth
4. All of above in one experiment?



Self-“buffering® Oligomerization
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Polymerization and replication of RNA in day-night cycles

Droplet ™
SEttlI‘lg Low Salt é High

Strand separation Templated Ligation Dry Polymerization

Repeat day-night cycle

Salt-buffering by
humidity and
temperature using
partial pressure of
water




Crosscatalytic
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Molecular Evolution

Prebiotic Environments

CRC 392
Proposal 2024-2027
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Advancing Biotechnology ?

Optical methods

Nanometer precision cell distance

Microcavity biomolecule detection

e VOItage recording in silicon-neuron junction AN\O
LINAA . TEMPER
L. 50 % U8 Thermophoresis of Biomolecules =P

, h P >200 Employees

FLUCS inside cells
(Moritz Kreysing)

Ultrafast freezing
and thawing?

All-optical pumping in water and ice =P

Imaging of kinetics in living cells =3



Advancing Biotechnology ?

In situ evolution of artificicial cells and functional genetics
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Evolution of synthetic cells at air bubbles.
Heated air bubbles accumulate and
activate cell-free systems. With added
lipids, it is packaged into vesicles. Both
combined allow the in situ evolution of
protocells.

Autonomous high-speed SELEX. Length-
selective accumulation combined with
replication (PCR or ligation) trigger local
Darwinien  evolution. By  molecular
selection, we expect very fast SELEX in the
same reaction chamber.
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Polymerization eh&Kdrolysis of RNA Break RNA
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