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Artificial Life Reactor




Life 1s based on a
complex form of

Living Beings + Food : more Living Beings

A+B —2A + X




Ideas on how Life began
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Autocatalvtic Cycle




Membrane First










RNA World Hypothesis




Ensembles of
Reproducing RNAs




Hypercycles




Molecular Darwinism

how Darwinian evolution works remains poorly
understood !
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Evolution







Organic Chemistry

heuristic rules, not really predictive




Biomolecules may well have formed spontaneously on the
early Earth ....

Nucleotides, Lipids, Amino-Acids may have

formed simultaneously under similar conditions

NEWS | IN DEPTH

mounts as small as 1 kilometer tall.

Smith’s results were published online on
12 March in Marine Geodesy in advance of
a special issue on the AltiKa instrument.
Paul Wessel, a marine geophysicist at the
University of Hawaii, Manoa, says the
study is a good proof of principle showing
how AltiKa can enable marine geologists to
see more clearly. “It pushes the envelope a
bit further,” he says.

The scientific payoff extends beyond sub-
marine navigation. For example, tsunami
waves are sensitive to the roughness on the
ocean floor; seamounts slow a passing tsu-
nami, bending and deflecting its energy. A
better map would improve tsunami predic-
tions. Also sensitive to seafloor roughness
are the internal waves in oceans that bring
up deep, cold, nutrient-rich waters to the
surface and carry dissolved atmospheric
carbon dioxide to ocean depths. “Knowing
the seafloor bathymetry better would defi-
nitely improve the mixing models that we
use,” says Steven Jayne, a physical oceanog-
rapher at Woods Hole Oceanographic Insti-
tution in Massachusetts.

Seamounts are also important for ecol-
ogv, because thev provide a rich habitat

BIOCHEMISTRY

Origin-of-life puzzle cracked

Study explains how three essential classes of molecules
could have formed simultaneously

By RobertF. Service

he origin of life is a set of paradoxes.

To get it started, there must have

been a genetic molecule—something

like DNA or RNA—capable of passing

along blueprints for making proteins,

the workhorse molecules of life. But

modern cells cannot copy DNA and RNA

without the help of proteins themselves.

Worse, none of these molecules can do their

jobs without fatty lipids, which provide the

cell membranes needed to contain them. In

yet another chicken-and-egg complication,

protein-based enzymes (encoded by genetic
molecules) are needed to synthesize lipids.

Now, researchers say they see a way

out. A pair of simple compounds, which
would have been abundant on earlv Earth

formaldehyde, could undergo a sequence
of reactions to produce two of RNAs four
nucleotide building blocks, showing a
plausible route by which RNA could have
formed on its own in the primordial soup.
Critics, though, pointed out that acetylene
and formaldehyde are still somewhat com-
plex molecules themselves. That raised the
question of where they came from.

So Sutherland and his colleagues set out
to see if they could find a route to RNA from
even simpler starting materials. They suc-
ceeded. Sutherland’s team now reports that
it created nucleic acid precursors starting
with just hydrogen cyanide (HCN), hydro-
gen sulfide (H,S), and ultraviolet (UV) light.
What is more, Sutherland says, the same
conditions also create the starting materials
for amino acids and lipids

ng.org on April 17, 2015




We have a soup - what 1s next ?

)~_.\i- 1) N







Nonlinear Physics

X(1) = ox1 + BXz2 + yX3 + X4 + .
X(1) = a(x1)% + B(X2)°> + y(X3)3 + §(X3* X4) + ...

Nonlinear equations :
few solutions with x(t) = O




Self-organizing molecular
autocatalysis ?




Solution ?




Ox1dizing and Reducing




Reducing Oxidizing
agent agent




Origine of Life ? Physicist...




How to generate a complex ensemble of molecules ?

Tungsten electrodeg

Miller-Urey Experiment
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Analysis ?




solvent
reservoir
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Signalintensitat [bel. Einheiten]

HPLC : Results, C13 column
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Signalintensitat [bel. Einheiten]
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Signalintensitat [bel. Einheiten]
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Analysis - Mass Spectroscopy

Separation by m/z Time of flight
measurement
®e ® @ @
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Non-linearity
formaldehyde - cyanide mixtures

71 98 141 223 389 ---Konzentrationsverhélnis Formaldehyd/Cyanidgemisch

C
O
©
c
)
&)
-
(@) — 112
@) —155
0.5+ -
Dl T T T T T T T T
0 5 10 15 20 25 30 35 40 45

Zeit [h]




Electrical Potential: nothing....
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Energy Sources




- 10 kV
sawltootin

electrodes

capillary to
mass spectrometer
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H-(CoH40),,—8..14-OH
H-(CH2)10-(C2H40),=4..0-OH
H-(CH2)11-(C2H40),=4..12-OH

H-(CH2)12-(C2H40),,=3.10-OH
H-(CH2)13-(CaH40),=4. 5-OH
(CH2)9-(CoH40) =67
H-(CHOHO)s-CHyO-(CHaNH)o-(CaHz0)mes 5-H




Amphiphilic




wassrige
Phase

— QX
R-A

organische
Phase

: NX4 and PEG ?




Phase Transter

® Many biomolecules could not form
In pure water spontaneously

®PEG has been shown fo produce
DNA building blocks, peptides, ...
by PTC

o

R-OH + R-OH > R-O-R + H20




Polymerization

R-OH + R-OH > R-O-R + H20




Strong role of oxygen




reactive molecules found in the organic phase by GC/MS
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