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Sequence self-selection in Ligation

PRX, 2019

Amount

(a.u.)

0.1

0.01

10.001

- concentrations
\\'\’\
0

(2

i Hypercycle

g'_

no survival at low




Symmetry breaking in Replication
Sequence self-selection in Ligation

PRX, 2019

AR
TN
)
0

)
3

Concentration fluctuations

Diffusion
-

o

N
Frequency

v

o
—



Replication dynamics in sequence space
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Replication dynamics in sequence space
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Dynamics in sequence space
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Dynamics in sequence space
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Replication avoids hairpins by
evolving complementary pools
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Dynamics in sequence space
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Microdistilleries: Accumulation
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onequilibrium gelation and vesiculation
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onequilibrium gelation and vesiculation
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Microdistillery: Pure water

[NaCl]

® 500 mM

® 250 mM

® 100 mM

® 50mM

® 10mM

® Pure water

® Experiment
— — Simulation

Temperature (°C)

51bp DNA (or RNA)
no MgCl,

Angewandte, 2019




Microdistillery: salt oscillations

Cold (10°C)

Precipitation

Angewandte, 2019




Microdistillery: salt oscillations

Time =0s

dsDNA

Time =30 s
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O % 51bp DNA

) no MgCl,
(
50mM NacCl

L™ RNA similar

| AT 12K

20 0 20 40 60 j 55°C - 67°C
Time (s)

Angewandte, 2019




pH Oscillation in droplets with CO,

hydrophilic

PH 7 salts

Buffer

24bp RNA (4 bases), Tm=74°C  12.5 mM MgCl,
50mM TRIS, pH 7.4 in bulk

unpublished




pH Oscillation in droplets with CO,
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PH 7 salts
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BUffer unpublished

24bp RNA (4 bases), Tm=74°C 12.5 mM MgCIl, (> at interface)
50mM TRIS, pH 7.4 in bulk Temp: 15°C — 50°C (avg. 33°C)




pH Oscillation with CO,
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PH 7 salts

+Buffer

unpublished

24bp RNA (4 bases), Tm=74°C  12.5 mM MgCIl, (> at interface)
50mM TRIS, pH 7.4 in bulk Temp: 15°C — 50°C (avg. 33°C)




Droplet Compartmentalization

Cold
Hydrophobic 10°C

2 mm




Droplet Compartmentalization

Cold
Hydrophobic 10°C Hydrophilic
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Salt and pH cycling in Fog Droplets

Cold
45°C Monitoring Coffee Ring Effect
S S
o) = 0143s
2 S
alH0 o
2 <] ._
s T . 7
T . ) Vo
H.0 "
28 Bubble >
pH4 growth
—_— |
co, Salts
Buffer , 2 mm

unpublished




Salt and pH cycling in Fog Droplets

Cold
45°C

Hydrophobic
L
o
Hydrophilic

CO,
Buffer

unpublished

Imaging pH and strand separation

FRET H
RNA dsRNA ssRNA P
0.5 0.0 7.0 5.0
[ .

3.0

‘I

1.0

fluorescence ;
| .

room pCO,

RNA 24mer (AT only) 4 uM, Tm 48 °C, 10 mM MgCl,, 10 mM Tris (initial pH 7.0),
Lysosensor 20 uM. Temperatures: hot side 27 °C, cold side 22 °C



Fog PCR
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HO 5lmer T =83 °C
25 Bubble m
1 bar CO,
pH4 grOWth =3 1 nM template DNA
EEEE— e 0.5 uM primers
. Taq polymerase
CO, Salts 1.5 mM MgCl,
Buffer 0.1% BSA

2X SYBR Green

unpublished
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Connecting the Pieces: the Distillery of Life ?




Connecting the Pieces: the Distillery of Life ?

Low pH from
Condensation
and CO,

V TT / Global
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Connecting the Pieces: the Distillery of Life ?

Low pH from
Condensation
and CO,
80°C.
[ /| T TT / Global
| / Accumulation
Connecting |/ / |
Ribose and | /
Base to RNA
Leaching
Phosphate

from Apatite




Emergence of Life Scenario
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on the Origins of Life
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