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Carrizo plain, San Andreas Fault - http://en.wikipedia.org/wiki/Carrizo_Plain

tectonic fault zones in the planetary crust
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hydrophilic amphiphilic hydrophobic

12 proteinogenic amino acids occur in hydrothermal 
environments: 6 non-polar  

6 polar 

polar:

Glycine
Serine
Threonine
Aspartic acid
Glutamic acid
Lysine

non-polar:

Alanine
Proline
Valine
Leucine
Isoleucine
Phenylalanine

hydrothermal formation of peptides



peptide formation:  amino acids and peptides with growing chain lengths

R-COOH + R‘-NH2 R-CO-NH-R‘ + H2O
condensation kc

hydrolysis kh
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peptide formation:  amino acids and peptides with growing chain lengths
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„parasitic“                                „symbiotic“ functional

possible targets of peptide selection:  

bola-
amphiphiles



subsequent steps of optimization:

evolution?

vesicles, selected
for thermal stability

stabilizing peptides, 
accumulated in the
vesicle formation zone

vesicles, selected
for thermal stability

phenotype (collective) genotype phenotype



hydrothermal chemistry

functional vesicle

metabolism?

RNA world?

selection, molecular
and structural evolution

molecular and structural evolution:



high pressure cell

Maria Davila



materials:
bulk solvents:

amphiphiles for vesicle formation:

amino acids for peptide formation:

COOH

NH2

polar:

Glycine
Serine
Threonine
Aspartic acid
Glutamic acid
Lysine

non-polar:

Alanine
Proline
Valine
Leucine
Isoleucine
Phenylalanine

water +   carbon dioxide

0.01 M

0.01 M

0.067 M
each
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induction of multiple vesicle generations by periodic pressure variations

conditions:

conditions for peptide formation:

pH ~ 3,  T = 120°C



principal component analysis

160 h without vesicles

160 h with vesicles

blanks (solvents, eluents from 
high pressure device)

0 h without vesicles
0 h with vesicles
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peptides accumulated by vesicles:

Lys Ser Pro Phe Pro Phe Ala Ala



„parasitic“                                „symbiotic“ functional

bola-
amphiphiles

stage of evolution?

H2N-Lys-Ser-Pro-Phe-Pro-Phe-Ala-Ala-COOH



peptide synthesis and artificial re-assembly of vesicles

+

H2N-Lys-Ser-Pro-Phe-Pro-Phe-Ala-Ala-COOH



variation of vesicle size
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a) Reference: Vesicles without peptide (0-48 h): constantly low permeability for water

b) Vesicles with H2N-Lys-Ser-Pro-Phe-Pro-Phe-Ala-Ala-COOH (0-93 h) 
high permeability for 2 h, then decreasing…

variation of vesicle permeability

H2N-Lys-Ser-Pro-Phe-Pro-Phe-Ala-Ala-COOH
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a) Reference: Vesicles without peptide (0-100 h, 50°C): significant degradation

b) Vesicles with H2N-Lys-Ser-Pro-Phe-Pro-Phe-Ala-Ala-COOH (0-100 h) 
no detectable degradation

high permeability for 2 h, then decreasing…

variation of vesicle stability

H2N-Lys-Ser-Pro-Phe-Pro-Phe-Ala-Ala-COOH



1) The peptide reduces the vesicle size by 50%
2) The peptide increases the vesicle permeability by 100%
3) The peptide increases the vesicle stability (half-life time at 

50°C is increased by a factor of five!)

overall effect on vesicles

H2N-Lys-Ser-Pro-Phe-Pro-Phe-Ala-Ala-COOH



hydrothermal chemistry

functional vesicle

metabolism?

RNA world?

selection, molecular
and structural evolution

molecular and structural evolution:
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Carrizo plain, San Andreas Fault - http://en.wikipedia.org/wiki/Carrizo_Plain

tectonic fault zones in the planetary crust
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The seven characteristics of life:

1) Homeostasis
2) Organization
3) Metabolism
4) Growth
5) Adaption
6) Stimuli Response
7) Reproduction

…in Physics:

…in Biology:
„Life is a system which
maintains low entropy by
feeding on negative 
entropy“

(from „What is Life“ 
by Erwin Schrödinger)

Definitions of life…



entropy changes during evolution

S

cyclic process under
constant non-equilibrium

Senv.
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molecular and structural evolution:



Summary 1: Hypothesis 
1) Tectonic fault zones are ideal environments for extended and

undisturbed molecular evolution
2) Natural pressure variations lead to periodic vesicle formation
3) Amphiphilic peptides are selected and accumulated in vesicle

membranes
4) Vesicles and peptides will be optimized for extended lifetime
5) This leads to a structural evolution with three possible targets:   

parasitic, symbiotic, and functional integration
6) Over extended periods of time, functional vesicles can develop
7) Entropic driving force: the huge entropy increase of expanding media

Summary 2: Experimental Reproduction
1) The vesicle evolution process is artificially reproduced in long-term 

experiments in a high-pressure cell
2) The peptides selected by vesicles are identified and sequenced
3) The selected peptides will be synthesized in larger quantities
4) The corresponding vesicle-peptide structures will be re-assembled
5) Re-assembled vesicles are characterized by PFG-NMR

effects of the peptide:  -size  +permeability +stability
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