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Astrobiology, homochirality,

d the origin of life

Axel Branderﬁurg An‘Andersen Susanne
Héfner, Martin Nilsson! Tuomas Multamaki
(all at Nordita) »

-

If prerequusite for life:
Due to pc’larizcd light, clectroweak force, magnetic ficlds. .
If consequence of life:
Miist have emerged during pelymerization of first replicating
molecules
Different at differentéplaces on Basth??

Reaction-diffusion-advection equation,
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:arbon CYCI @ —>» Source of the atmosphere

Carbonic and organic carbon
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:arbon CYCle -2 Source of the atmosphere

Carbonic and organic carbon

_ MBI J S A Tarrmanal MNeoprTieroz o ale Ferfen
Event | 2.0-2.3 Ga Event | <08 Ga Event | -0.26 Ga

“

hotoswithes s

\..r._q; 3l P ,,';: z
|_

rECEn MAnNne Cartonale |

@G “3!" i
'l.-"'l-r_'li

8'%C (%, PDB|
-I--mu—l‘p
- "
¢ T
i ==
T
L — ]
i i
o CE—
T —
2 i———]
4 ]
T T 1
o

r-20
- -30
i m

| S—

rCET

marnne ¥

setiments st - 50

g
axtan! SuloIFopied JFERMEMES

g SE- %3 ¥ 15 ¥ 85 0
Age[Ga=10%yr]

T P —

Internal energy: 80 mW/m-

Pirsa: 05060055 ( Rosin o 2005) | Page9/a2



Aminoacids in proteins: left-handed
ugars in DNA and RNA: right-handed

-

Origin of life: the chirality problem [s chiralitv:
(1) prerequsite
(11) consequence
of lite?

1s Pasteur

22-1895)
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Aminoacids in proteins: left-handed
ugars in DNA and RNA: right-handed

-

Origin of life: the chirality problem [s churality:
(1) prerequsite
(1) consequence
of life?

s Pasteur

22-1895)
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yntergan: was sold as racemic mixture

Thalidomid molecule

(S5)-Contergan (R)-Contergan

Cures morning sickness
during pregnancy
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Chirality selection during polymerization

of the first replicating molecule?

lip1d world _
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DNA world prior to RNA world

: the cheraidy prob
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Relevant experiments: nucleotides
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Relevant experiments: crystals

: %  Crystal growth. many different
; nucleation sites: racemic mixture
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Simplistic models: trial and error?
ik (1953)
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Polymerization model of Sandars
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Coupling to

wurce of L, monomers O,

Ut ]V[L”]

n=1

acts as a sink ot substrate S

: Or)
dt
—catalvtic properties of polvmers
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0. =k |S]IR,]
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substrate S

finite fidelity f

—_r {H-ﬂi —,?‘{' —L*l_r“-j‘:
kISR (14 £ 1o+ 10— £ )0

[}t."‘."-'ﬁl_l_""l'-.: Pl‘t.‘*l‘t.‘*H;ll‘é I'Ul' e

[L,] (Sandars 2003)
1L, ] (another |m s1bihity)
g __I,__:i (Wattis & Covenev 2004)
| : n{L.] (our work)

J. p Page 20/42



1cluding enantiomeric cross-inhibition
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1Icluding enantiomeric cross-inhibition

)ss term for each constituent
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Where could this work?
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How to drive the system?

drothermal vents
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Reduced equations

2-mode reduction i[ﬁl = _:’I‘Fr[lg (L, =1L, 1)
dr ' f
Adiabatic elimination U= _:k.&: [LL]([L: ] o [11 ])

rapidly adjusting variables

Quantitativelv close to full model
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Initial bias —
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How to drive the system?

irothermal vents

il |
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Reduced equations

2-mode reduction T[L | =—=2k_[L, N[L.]—-[L,])
L
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Spatially extended model

eaction-diffusion equation

o K g impiawH
dt R+
= S5 N
P

roto type: Fisher's equation
XX X)rxx"

ragating front solutions wave speed

= f(x—ct) Cc =2+ AKx
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D model (reaction-diffusion equation)
x = 1.e—05

0.0 0,2 0.4 0.6 0.8 1,0

X

Propagation into racemic environment
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D model (reaction-diffusion equation)

t = 43.0

x

short run
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D model (reaction-diffusion equation)

t = 66.C
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D model (reaction-diffusion equation)

t = 95.0
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D model (reaction-diffusion equation)

t =125.0

short run

xIIPage33M2
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Piecewise linear increase
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Effects of turbulence
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Effects of turbulence
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Started 1n Sept. 2001 with Wolfgang Dobler
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Cache & memorv efficiefit
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Maintained developed by ~20 people (CVS!)
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f of procs

[sotropic turbulence

— MHD. passive scl. CR
Stratified lavers

—  Convection. rachation
Shearing box

—  MRI. dust. mterstellas
Sphere embedded 1n box

—  Fully convective stars

—  geodvnamo
Other applications

— Homochwality
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Conclusions

» Polymerization model:
— Based on measurable processes

— Predicts wavelike chromatograms (HPLC)

 Reduction to accurate simplified model
Homochirality in space (earth, interstellar, etc)

Timescales 500 Myr; fossil evidence of spatially
fragmented homochirality?

* Pencil Code: just googie for it

— Detailed manual. ...
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