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OBJECTIVES

The main objective of the Action is to develop the chemistry connected with the origin of life and
early evolution of life on Earth, with special emphasis on self-replicating systems, prebiotic
synthesis of nucleic acids and polypeptides, as well as simple protocells as early models of
biological cells.
We assume today that life originated on Earth by a prebiotic molecular evolution, whereby simple
endogenous molecules, by continously increasing their molecular complexity, have given rise to
more and more complex structures and specifities, up to the onset of the first protocells and living
organisms. Prebiotic chemistry is the chemistry which describes the chemical processes associated
with this transition to life. It is a classic field within the chemical world. It was initiated in the 20ties
by Oparin and Haldane, but it was not until the famous experiments and dicoveries of 1953 that it
became an independent and respected area of research. Stanley Miller could show in fact that
simple electrical discharges in a prebiotic-like gaseous mixture could produce amino acids and
other important biomolecules. In the same year Watson and Crick deciphered the structure of DNA
which immediately pointed to a mechanism of molecular replication. A third contribution from this
year was more theoretical, but like the other two had an enormous influence on later experimental
research: Sir Frank had published a first theory of chiral symmetry breaking according to which
homochiral compounds could have spontaneously formed, if autocatalysis is coupled to
enantiomeric cross inhibition. Experimental models comprising processes of self-assembly of nonchiral molecules into chiral supramolecular architectures followed by auto-catalytic transfer of this
chiral information to other molecules has been demonstrated. A second approach comprised the
generation of homochiral peptides via the polymerization of racemic mixtures of activated amino
acids assembled inti crystalline archtectures both at surfaces and within “membraneous-like”
environments.
More than 50 years later the three independent discoveries stand as icons defining three corners of a
field that seeks the chemical roots of the transition from the nonliving to the living state of matter.
The forths corner comes from the consideration that all forms of life as we know them are based on
cells. As such the origin of cellular compartmentalisation and the search for minimal cells, is a
highly active area in the Action. The self-constitution of the building blocks of life define the
metabolic roots of a minimal cell, building block polymerization to form informational and
functional molecular subsystems capable of self-replication cannot be addressed without asking for
pathways leading to chiral symmetry breaking and homochirality. Subsystem integration and the
question on the formation of coupled autocatalytic systems that also enable to reproduce the
container material point to the future of research to be addressed in the D27 Action.
The question on the origin of life needs a multidisciplinary endeaveour, in which the traditional
columns of chemistry, viz. organic, inorganic, physical and biochemistry need to exchange and
interact with supramolecular chemistry, theoretical biology, and complex systems research. This is
well reflected in the field coverage of COST D27.
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Summary of Objectives
The Action has six Working Groups whose objectives are:
•

•
•
•
•
•

3.

to study a new scenario of potentially prebiotic metabolic chemistry, in which Ncarbamoylamino acids are activated by NOx to give N-carboxyanhydrides, whose
polymerisation leads to peptides that might express catalytic effects on earlier steps leading
to their formation,
to develop theoretical models which give a better understanding on the emergence and
selection of networks of catalytic species,
to address the issues of chiral amplification and chiral symmetry breaking in reactions
involving surfaces and vesicle bilayers as the reaction site, while giving a special focus on
the generation of peptides in such reactions,
to develop chemistry that could lead to an improved understanding of the etiology,
replication, catalysis and persistence of RNA, while giving a special focus on the utilization
of methods for the directed evolution of RNA,
to derive a better understanding on the formation, permeation properties, and selfreproduction of vesicles by systematic studies on permeability changes and shape distortions
caused by ionic and hydrophobic interactions of counter ions and additives,
to prepare functionalized self-reproducing vesicles as precursors and models for Early cells,
having a special focus on the introduction of catalytic sites involving divalent cations and
their effect in the cleavage and formation of phosphordiester bonds.

TECHNICAL DESCRIPTION AND IMPLEMENTATION

This Action consists of six complementary working groups, whose original scope and vision is
defined below:
WORKING GROUP D27/0001/02, “Molecular Origins of Life: dynamic coevolution of peptides
and chemical energetics, a gate towards the emergence of catalytic activity and nucleotides”
chaired by Auguste Commeyras, Montpellier, France
The project aims to propose, on solid experimental and theoretical bases, a model for the
emergence, evolution and complexification of peptides on the primitive Earth, based on the
evaluation of a-amino acid fluxes, and on the scenario of a molecular engine involving Ncarbamoylamino acids (CAA) and NOx for amino acid activation into their N-carboxyanhydrides
(NCA). We will investigate the kinetics of the main involved reactions; NCA polymerisation and
polypeptide degradation under various conditions; the working limits of the molecular engine in
terms of minimum required concentrations, of maximum attainable peptide length, and of peptide
sequence selection.
To perform this jump into matter complexification, new analytical methods will be developed.
Chemical energetics involved in the molecular engine will be extended to the fields of atmospheric
photochemistry, prebiotic organisation of catalytic activity, nucleotide prebiotic emergence. A
global dynamic approach will be developed through computer kinetic modelling. Applicative
aspects, especially of NCA polymerisation will also be investigated.
WORKING GROUP D27/0003/02, “Emergence and Selection of Networks of Catalytic Species”
chaired by Peter F. Stadler, Leipzig, Germany
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The origin of life is rooted in chemistry, and is invariably associated with some kind of primordial
molecular interaction network, where chemical evolution and evolution by natural selection must
somehow have driven the system to increased genetic and catalytic functionality. This project aims
at a deeper understanding of the dynamics of evolving molecular networks, including components
with relevance for metabolism, population structure/spatial separation and genetic information
storage. We would like to assess the probability of the origin of a connected metabolism with or
without genetically encoded catalysts. An innovative type of abstract chemistry has to be worked
out for that purpose. The origin of primordial genomes is difficult because of the molecular
complexity of replication, the appearance of parasites on the network and the low initial copying
fidelity. How network evolution can proceed on a surface and in compartmentalized systems so that
these hurdles can be overcome is one of the main lines of investigation. Ultimately, one would aim
at a computer model for the origin of the first cells.

WORKING GROUP D27/0004/02, “The use of surfaces and vesicles for the amplification of
homochirality in polypeptide chains” chaired by Meir Lahav, Rehovot, Israel
The origin of chirality is one of the unsolved problems in prebiotic chemistry and early evolution.
The problem is usually tackled on the basis of two different research directions: the one deals with
the origination of an initial enantiomeric excess (e.e.); the second deals with the amplification of
this e.e. up to a theoretical 100% homochirality degree. Of particular interest is the prebiotic
formation of chiral amplification of homochiral biopolymers, such as primitive polypeptides.
Current theories suggest that such polymers had been formed at surfaces of minerals or within
primitive amphiphilic self-assemblies in the form of vesicles or micelles that serve as prebiotic
proto-cells. Therefore the current interest in this field is focused on processes of spontaneous
symmetry breaking and asymmetric amplification taking place at surfaces including those of the
chiral aggregates that are spontaneously generated from non-chiral molecules, or within amphiphilic
membraneous-like environments. In previous years, some groups were interested in prebiotic
asymmetric synthesis, others in the origin and the role played by prebiotic micelles and vesicles as
models for prebiotic chemistry. In due course each group developed and applied unique analytical
tools for their research. A central objective of the interaction between the different groups is to
obtain synergism in the investigation of origin of chirality taking place on surfaces or within
membraneous-like environments.
WORKING GROUP D27/0005/03, “Etiology, Replication, Activity and Persistence of RNA”
chaired by Marie-Christine Maurel, Paris, France
We propose a multi-disciplinary assessment of the key role played by RNA in prebiotic and early
biotic evolution.
Predisposed routes to RNA and its components will be studied. The oligomerisation of these
materials will be investigated using natural and novel base-pairing systems. The possibility that
oligomerisation of aminoacylated RNA precursors might proceed with accompanying synthesis of
peptides will be evaluated. The reactivity of RNA to a variety of prebiotically relevant small
molecules will be used to guide our synthetic efforts. The key ability of RNA to function
catalytically will be further investigated and powerful SELEX methodology will enable recruitment
of a range of small molecule and macromolecule ‘co-factors’. The tantalising possibility that
molecular recognition of amino acids by RNA might have led to an early genetic code will be
pursued. A variety of mineral types will be screened for heterogeneous catalysis of RNA synthesis
and as environments that afford protection against hydrolysis and other degradation of RNA.
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WORKING GROUP D27/0006/03, “Preparation and Properties of Functionalized Vesicles as
Protocell Models” chaired by Vesna Nöthig-Laslo, Zagreb, Croatia
Different conditions will be investigated which could be responsible for the transformation of
simple molecular aggregates to vesicles and further to more complex structures which may have led
to formation of prebiotic cells (so called protocells).
For this purpose we will investigate vesicles formed from simple amphiphiles (fatty acids/soap or
cat/anionic lipids) as well as phospholipid vesicles (of various composition) with respect to:
• Permeability changes (for water and small molecules) in vesicles induced by various
conditions which could influence size, shape and the domain structure of the vesicles,
• Ionic interactions between different cations and the negative charge on the surface of the
lipid vesicles of different composition,
• Weak interactions between aliphatic amino acids, peptides and glycopeptides with vesicles,
• Vesicle properties will be investigated which, under conditions of vesicle growth, are
responsible for the occurrence of vesicle self-reproduction. The corresponding vesicle shape
transformations will be monitored theoretically and experimentally. Shapes of vesicles in
vesicle aggregates will be studied in dependence on the vesicle-vesicle interaction.
WORKING GROUP D27/0007/03, “Functionalized Self-Reproducing Vesicles as precursors for
Early Cells” chaired by Pier-Luigi Luisi, former Action chairman, Rome, Italy
The aim of the present proposal is to carry out a step forward in the chemistry and biochemistry of
self-reproducing vesicles. In particular, the basic idea is to construct self-reproducing vesicular
systems containing catalytically functional groups, so that the self-reproduction would be attended
by an exponential growth of the reactivity and/or catalytic activity. At the same time, the
concentration of the product of the catalytic reaction would grow exponentially.
Studies on the preparation and characterization of the self-reproduction of metal-containing vesicles
will be carried out (e. g. Cu++-containing vesicles). The catalytic properties of the vesicles prepared
will be investigated by using synthetic phosphate diester substrates as well as RNA and DNA. In
the latter case, Ca++ and Mg++ (more than Cu++) will be used as catalytic metal ions. Finally,
experiments will be performed on catalytic networks, constructed with vesicles of different size that
are present in the same aqueous solution.
The steps ahead: Systems Chemistry as a future perspective for the Action
The descriptive nature of biology does not allow to draw any good conclusion on how life
originated on this planet from simpler chemical precursor systems, or, on how life may have
originated elsewhere in the universe, or, whether new forms of life can be synthesized de novo in
the laboratory. A new science is required that needs to combine the “classical” knowledge of
chemistry and physics, viz. the language of molecules, their reactions and interactions, together
with the “classical” knowledge derived from existing forms of life. One key component of this new
science, acting both as a translator and abstractor between these languages may come from the field
of theoretical biology, automata theory and complex systems research; the other key component
must come from a new chemistry that is the offspring of both, supramolecular and prebiotic
chemistry, but adds a new dimension that has not been sufficiently addressed so far. Over the past
decade more and more chemists have learned to design simple self-replicating and self-reproducing
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systems and today we even have the first examples on the issue of chiral symmetry breaking in
autocatalytic reactions. What seems to be missing here is a kind of generalization of “synthetic
methods” based on the principles of supramolecular self-organization, autocatalysis, molecular
information processing, and moreover, ranging to be applicable from small molecules via nano- to
mesosystems.
Thus the quest is for general recipes to generate chemically coupled autocatalytic systems. This
approach complements the emerging field of “synthetic biology”. Whereas the latter aims at the
utilisation of intracellular regulatory networks as biological building blocks to construct synthetic
cells, the former aims to find the chemical roots of such regulation in non-evolved systems.
“Protocells”, “chemotons” and “minimal cells” are just different words for the same issue of
research that may be biology-driven as a top-down approach or chemistry-driven as a bottom-up
approach. In any case, the disassembly and reconstruction approach of synthetic biology means the
existence of biological building blocks as the products of biological evolution. Even if synthetic
biology will be able to generate a more primitive form of cellular life this does not necessarily
answer the question how such thing could emerge when starting from scratch. Unfortunately, the
same fundamental problem underlays our current vision that directed evolution will help to
reconstruct a preceeding biochemistry such as the RNA world. Finding a set of self-replicating
RNA molecules that cooperate in a vesicle to constitute a minimal cell will be a remarkable
scientific achievement of the 21th century. Nevertheless, one will stay puzzled by the question of
how such thing could have developed in the absence of evolved “tools” such as polymerases.
Clearly, the origin of Darwinian evolvability is one of the central challenges in the emerging field
that sooner or later may carry names like “creation chemistry”, “chemical biogenesis”,
“autogenerative systems chemistry” or more simple “systems chemistry”. The other, equally
challenging frontier, is the origin of a sufficiently complex chemically organized system embodying
a minimal living, viz. self-containing and self-sustaining entity. All life, as we know today, is based
on cells as the unit of life. The distinction between a unit of life and a unit of evolution may be
made for present-day life, it is however questionable whether any reasonable definition on the
origin of life can be made without equating the living state of matter with an evolvable state of
matter. If so, the task is to find answers what sets of molecular structures, reactions and interactions
are required to arrive, finally, at a system that fulfills both, the criterion of minimal life and minimal
evolvability. The transition from limited to unlimited heredity is then a later issue of research
dealing with life’s origin.
Life today is based on proteins and nucleic acids, lipids, sugars, amino acids and other molecular
building blocks, where almost all molecular components are in a homochiral, viz. enantiomerically
pure state. The creation of minimal life and evolvability is thus necessarily connected to the
question at which level in the transition from small molecules to minimal living and evolving
systems the amplification of homochirality took place. From today’s perspective it seems very
likely that this process might be deeply linked to the emergence of self-replication and was even
indistinguishable from the latter in the beginning. Whether an autocatalytic transformation of
racemizing building blocks, or a mutual annihilation of autocatalytic products of opposite
handedness played a leading role, or whether the building blocks were racemic (like in the formose
reaction) or prochiral is an open question to which chemistry must find more answers in the future.
A primary problem here is that we even don’t know the repertoire of organic molecules delivered
from space or endogeneous sources and what was the initial set of chemical reactions that started
the long transformation from space molecules to the first living systems. So long as this question is
not fully answered by astrobiological research, any “primitive” organic or inorganic chemicals may
be employed in the design and exploration of chemical systems that hopefully express dynamic
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signatures of the living. The good news is that research in autocatalytic systems currently gains
much attention in various areas of chemistry and that the acceptance to work with “complex
mixtures” of molecules has increased since the advent of combinatorial chemistry. What is still a
challenge for present day chemistry is to filter out the signal of self-organisation in the noise of lots
of side reactions. Gaining chemical control to a whole network of reactions having an autocatalytic
“core” at a low level of information content but otherwise just producing “diversity”, viz. a rich
mixture of constitutional and stereoisomers, is clearly a challenge. Being able, for example, to
“steer” the formose reaction to produce ribose selectively instead of a diversity of other sugars
could be a major breakthrough, because it would change our picture about the plausibility of the
RNA world hypothesis almost instantaneously. All what is needed could be a selective consumption
of ribose by a coupled (autocatalytic) process that does not anymore allow the breakdown of the
ribose skeleton once it is “protected” at the level of the autocatalytic product. Lipid chemistry has a
rich potential for establishing such “secondary” autocatalytic reactions due to the rich
supramolecular chemistry induced by phase transitions at the nano- and mesoscale. Coupling lipid
and self-replicating template chemistry could be another field of research here. Generally, the art of
synthesizing coupled autocatalytic systems points to the future of chemical research inspired by the
origin-of-life problem. Coupling will necessarily involve not only one class of molecules but at least
two. So not only nucleotides or peptides or sugars or lipids but nucleotides AND peptides,
nucleotides AND lipids, sugars AND peptides, peptides AND lipids, to name only a few possible
combinations here. The exploration of couplings between an autocatalytic core like the formosereaction, a self-reproducing micelle, or, a self-replicating template does not necessarily require that
the set of reactions “talking with the core” are autocatalytic by themself, viz. constituting an
independantly running autocatalytic cycle. Chemoton theory gives the insight that any reaction
triggered by the core autocatalyst e.g. in the sense of heterocatalysis will also cause multiplication
and growth of those compounds generated due to the presence of the autocatalyst. Thus the outcome
of such coupling manifests in a stoechiometric relationship between the number of “core
autocatalyst’s” and the number of molecules coming up in the “periphery” of the reaction network.
If the whole process is now selectively generating a specific set of molecules, different from the
mixture in the absence of coupling, informational “harvesting” takes place. As self-replication can
be defined as autocatalysis PLUS information transfer, selecting specific products from an
autocatalytic network means self-replication. Of course, templating is one of the best proven ways
for establishing a mechanism for information transfer but the term “template” may have a much
broader meaning in the future than it had in the past. The same extrapolation may be foreseeable to
the issues of evolvability and “cellular compartimentation”.
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Organiser: D. Neibecker, COST Chemistry Secretariat, Brussels
e-mail: denis.neibecker@cec.eu.int

19 October 2002

2nd Management Committee Meeting, Ravello, Italy
Organiser: Giovanna Mancini, University of Roma, CNR, Roma, Italy
E-mail: gmancini@axrma.uniroma1.it

14 December 2003

3 October 2004

2 October 2005

3rd Management Committee Meeting, Budapest, Hungary
Organiser: Eörs Szathmáry, Collegium Budapest, Institute for Advanced Study,
Budapest
E-mail: szathmary@colbud.hu
4th Management Committee meeting, Hotel Creta Maris, Hersonissos, Heraklion,
Crete, Greece
Organiser: C. Paleos, National Center for Scientific Research "Demokritos", Aghia
Paraskevi, Attiki, Greece
e-mail: paleos@chem.demokritos.gr
5th Management Committee meeting, Venice, Italy
Organiser: G. von Kiedrowski, Ruhr-Universität-Bochum, Germany
e-mail: kiedro@rub.de

4.4 Meetings of the Working Groups
vide infra under the header of each working group
4.5 Short-term scientific missions
vide infra under the header of each working group
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5.

RESULTS

WORKING GROUP D27/0001/02
“Molecular Origins of Life: dynamic coevolution of peptides and chemical
energetics, a gate towards the emergence of catalytic activity and nucleotides.”
Participation
Team

Institution & Country

Team members

1

Université de Montpellier 2, France

2

Centro de Astrobiologia,
Torrejon de Ardoz, Spain

Auguste COMMEYRAS
Laurent BOITEAU
Hervé COTTET
Robert PASCAL
Odile VANDENABEELE-TRAMBOUZE
Hélène COLLET (Eng.)
Jean-Philippe BIRON (Eng.)
Raphaël PLASSON (PhD) (*)
Grégoire DANGER (PhD)
Eddy SOUAID (PhD)
Juan PÉREZ-MERCADER
Franck SELSIS (post-doc) (**)

3

Observatoire de Bordeaux, France

Michel DOBRIJEVIC

4

Service Central d'Analyse
CNRS, Vernaison, France

5

6
7
8
9
10

Marie-Florence GRENIER-LOUSTALOT
Guy DESSALCES
Frédéric DELOLME (Eng.)
John D. SUTHERLAND
Alastair L. PARKES (post-doc)
Carole ANASTASI (post-doc)
University of Manchester,
Fabien BUCHET (PhD)
United Kingdom
Michael CROWE (PhD)
M. POWNER (PhD)
J. SMITH (PhD)
Hugues BERSINI
Université Libre de Bruxelles, Belgium
Tom LENAERTS
Aston University, Birmingham, United Brian J. TIGHE
Kingdom
Allan J. AMASS
Universität Hamburg, Germany

Hans R. KRICHELDORF

Queensland University of Technology,
Graeme A. GEORGE
Brisbane, Australia
Université Paul Sabatier, Toulouse,
Jean-Claude MICHEAU (***)
France

(*) R. P.: PhD completed end 2003; moved to K. Asakura team (Keio Univ, Tokyo, JP) from nov. 2004 (post-doc)
(**) F. S. moved to CRAL (Centre de Recherches en Astronomie de Lyon, F) from oct. 2004 (permanent researcher)
(***) Application to WG D27/0001/02 accepted October 2004

Scientific Structure
Works developed by this WG are based on a new [prebiotic] synthetic pathway towards amino acid
N-carboxyanhydrides (NCA, originally developed by Team 1), and a thereon-based prebiotic
scenario of peptide formation and evolution, called the "primary pump". Collaborative works in this
framework follow 5 main directions.
COST Chemistry D27
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Task A [Teams 1, 6, 10]. Models of homochirality emergence based on the primary pump scenario.
Team 1 performs experimental kinetic and thermodynamic measurements with help of Team 10
(expert in chemical kinetics); Team 6 develops computer simulated kinetic models of complex
systems, based on experimental data obtained by Team 1.
Task B [Teams 1, 5]. A peptide/nucleotide coevolution scenario: investigation of NCA-phosphatenucleotide interactions – towards the translation apparatus and genetic code. Team 1 provides
knowledge in physical organic chemistry and NCA preparation and chemistry; Team 5 has
expertise in nucleoside/nucleotide chemistry.
Task C [Teams 1, 4, 8, 9]: polypeptides: NCA polymerisation mechanism, new innovative
biopolymer materials – applications & technology transfer. Team 1 prepares the NCA and
polypeptide materials, which are then characterised by Team 4 using hi-tech analytical methods.
Team 8 provides expertise in polymer formation and characterisation, and Team 9 develops tissueengineering applications.
Task D [Teams 2, 3]. Modelling of primitive Earth atmosphere chemistry. Team 2 performs
computer simulations of atmosphere [photo]chemistry, using a computer code developed by Team
3.
Task E [Teams 1, 3, 4]. Ultratrace analytical chemistry, development of innovative methods,
especially aiming extraterrestrial matter analysis (e.g. measurement of amino acid enantiomeric
excess in micrometeorites).

Collaborative scientific structure of WG D27/0001/02 (10 teams + tasks A-E)
black arrows & figures: # STSMs - dark-blue links & figures: # joint papers
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Scientific Results
Team 1
– Task A. Kinetic and thermodynamic measurement on stereoselective reactions involving
NCA/AA/peptides and playing a role in the primary pump scenario. The "primary pump" scenario
can play a role in the prebiotic emergence of homochirality, due to the presence of stereoselective
chemical steps. Computer simulated kinetics of a simple reaction network derived from the
"primary pump" scenario showed the possibility of spontaneous symmetry break (deracemisation)
without the need of an autocatalytic step, taking advantage of "network autocatalysis" [1/1*5/1]. This
work started in Team 1 was continued with Team 6 through 2 STSM.
In order to improve the computer models, we are extending the kinetic and thermodynamic
investigation of such possibly deracemising reactions, including peptide chain epimerisation
(especially at N-terminal residue, with or without catalysis), peptide bond stereoselective
hydrolysis, or NCA coupling with α-alkyl amino acids (extraterrestrial source of enantiomeric
excess). We started a collaboration with Team 10.
– Task B. Starting from the hypothesis that NCAs have played a role that could be more important
that being simply peptide monomers and in particular could be involved as prebiotic energy
carriers, the Montpellier team first investigated their ability to activate inorganic phosphate. Their
ability of being converted into carboxylic acid phosphoric acid mixed anhydrides that are cleaved
by phosphoryl transfer was demonstrated, so that NCA hydrolysis can be could be coupled to the
phosphorylation of other species [1/1/1]. With phosphate monoesters, a similar conversion was
observed (with two important differences: the conversion is less favourable and the mixed
anhydride has poor phosphorylating abilities), which prompted us to work in collaboration with
Manchester within this WG [1/1*5/1]. Mixed anhydrides were indeed observed from adenosine 5'
monophosphate (AMP). From nucleoside 3'
-phosphates, the intermediates were shown to undergo
an intramolecular aminoacylation of the ribose 2'
-hydroxyl group (see Team 5).
The assessment of the free energy content of NCAs and of biochemically activated amino acid
forms (aminoacyl-phosphates and -adenylates) supports the original hypothesis that the translation
apparatus developed by evolution of an early process for nucleotide activation [1/1/3].
– Task C. Polypeptide-based innovative materials. We have developed the synthesis of polylysine
of various architectures (e.g. dendrigraft polymers) through an original synthetic pathway inspired
from prebiotic chemistry, involving NCA polymerisation in water. Beyond a better understanding
of prebiotic processes, this class of polymers present interesting properties such as antiseptic
(bactericide/fungicide) or gene/drug vectorisation.
Technology transfer. A patent has been taken this year on the preparation and applications of lysine
dendrigraft polymers [1/1/2]. On this basis, a CRAFT project is under set-up with several members
of this WG (Teams 1, 8, 9) and several small private companies (including start-ups) from various
countries, with aim of developing these applications.
In order to better characterise polypeptides prepared by either Team 1 or Team 8, and to support
future applications, we are developingnew capillary electrophoresis (CE) methodologies, including
off-line coupling of EC (either aqueous or non-aqueous mode) with MALDI-TOF-MS, the latter in
collaboration with Team 4.
– Task E. New methods for extraterrestrial matter analysis. New chiral derivatising agents have
been designed and synthesized for ultratrace, enantioselective analysis (of e.g. amino acids in
extraterrestrial matter). Main strategies are either the use of a fluorophore for laser-induced
fluorescence detection at low concentration, or graft onto a macromolecule for immunochemical
(e.g. ELISA) quantification. These derivatising agents are currently under evaluation through
various (extra-COST) collaborations.
COST Chemistry D27
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In the scope of extraterrestrial matter analysis, we initiated (in close collaboration with Team 3) an
inter-comparison network between several analytical laboratories. A first goal is the preparation and
characterisation of reference analogue material [1/1*3/1] for calibration of analytical methods,
including ours. This project is also financially supported by e.g. CNES, ESA, NASA.
Team 2
– Task D. Modelling primitive atmosphere chemistry and photochemistry, using the computer code
PHOEBE developed by Team 3, that takes in account vertical transport in an inhomogeneous
medium. The abundance of NO and NO2 were evaluated under different constraints, and the
compatibility with the "primary pump" scenario (Team 1) was assessed. These results were
included in several joint general papers [1/1*2/1, 1/1*2/2].
This task is on standby since the departure of F. Selsis from Team 2 during summer 2004.
Team 3
– Task E. Extraterrestrial matter analysis, search for amino acid enantiomeric excess.
The complexity and low abundance of extraterrestrial samples (e.g. future Martian samples) raise
the need of sensitive, robust analytical methods. In this scope, we propose –with Team 1– to
coordinate an inter-comparison network between several analytical laboratories. A first goal is the
preparation and characterisation of reference analogue material [1/1*3/1] for calibration of analytical
methods. This project is also financially supported by e.g. CNES, ESA, NASA.
Team 4
– Task C. MALDI-TOF MS Analysis of synthetic polypeptides. MALDI-TOF MS results remain
consistent with synthetic parameters and size-exclusion chromatography characterisation (Team 1)
under 10 kDa; beyond this limit the polydispersity of the material hinders precise measurements.
Complementary analyses are under work.
– Task E. New methods for extraterrestrial matter analysis. We carried out MALDI-TOF MS
characterisation of immunogenic macromolecules (chemically-grafted BSA designed for ultratrace
analysis of organic compounsd through immunoassays), showing some discrepancies with classical
(radioisotopic) methods, thus the need of standardisation between different methods.
Team 5
– Task B. As mentioned under the entry for WG D27/0005/03 Team 2, work in Manchester
involves use of synthetic and analytical chemistry to investigate a linked scheme for the prebiotic
synthesis of RNA and genetically coded peptides. Key to our overall scheme is a means of effecting
the aminoacylation of RNA trimers, and work in collaboration with Montpellier within this WG has
provided experimental support for a possible way of achieving this. Specifically, we have found that
nucleoside-3'
-phosphates can be aminoacylated at the 2'
-position by amino acid Ncarboxyanhydrides in a remarkable process that goes by way of an intermediate carboxy-phosphate
anhydride.
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Fig 1.5.1
A manuscript describing this chemistry is in press in Angewandte Chemie [1/1*5/1] and further
collaborative work on this subject will be published during the remaining lifetime of COST D27.
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Team 6
– Task A. Computer simulated kinetics were carried out on complex systems based on the primary
pump scenario (cf. Team 1), aiming a better understanding of the origins of homochirality. The
importance of "network autocatalysis" as an alternative of direct autocatalysis was evidenced.
Two 1-month visiting STSM by R. Plasson (Team 1) in 2004, allowed to complete joint papers with
Team 1: 1 PNAS [1/1*6/1], 1 poster + proceeding at Artificial-Life 9 Symposium (Boston) [1/1*6/2].
On this topic an external collaboration is currently developing with Keio University in Japan (K.
Asakura).
Team 7
Collaborative work still on stand-by.
Team 8
– Task C. NCA reactivity and polymerisation in organic media. When polymerising NCA in
organic media, the presence of various structures (e.g. cyclic peptides) is observed [1/8/1], the
quantification of which (by Teams 1 and 4) should provide information on NCA polymerisation
mechanism.
Participation to the CRAFT consortium set-up coordinated by Team 1.
Team 9
– Task C. Applications of synthetic polypeptides as developed by Team 1 to tissue engineering, e.g.
damaged tissue regeneration after wound/burn. Participation to the CRAFT consortium set-up
coordinated by Team 1.
Team 10
– Task A. The collaborative work has just started since acceptance by D27 MC in October 2004, of
Team 10 application to this WG D27/0001/02.

Joint Publications (with at least two teams of the WG involved)
•

[1/1*2/1] A. Commeyras, L. Boiteau, O. Vandenabeele-Trambouze, F. Selsis. Peptide
emergence, evolution and selection on the primitive Earth. I. Convergent formation of Ncarbamoyl amino acids rather than free α-amino acids? In: Lectures in Astrobiology – Vol I,
part II: From Prebiotic Chemistry to the Origins of Life on Earth (eds. M. Gargaud, B.
Barbier, H. Martin & J. Reisse), Springer-Verlag 2005, pp 517–545.

•

[1/1*2/2] A. Commeyras, L. Boiteau, O. Vandenabeele-Trambouze, F. Selsis. Peptide
emergence, evolution and selection on the primitive Earth. II. The primary pump scenario.
In Lectures in Astrobiology – Vol I, part II: From Prebiotic Chemistry to the Origins of Life
on Earth (eds. M. Gargaud, B. Barbier, H. Martin & J. Reisse), Springer-Verlag 2005, pp
547–569.

•

[1/1*2*3/1] A. Commeyras, J. Taillades, H. Collet, L. Boiteau, O. VandenabeeleTrambouze, R. Pascal, H. Cottet, A. Rousset, L. Garrel, J.-C. Rossi, J.-P. Biron, O. Lagrille,
R. Plasson, E. Souaid, G. Danger, F. Selsis, M. Dobrijevic, H. Martin. Dynamic coevolution of peptides and chemical energetics: a gateway to the emergence of homochirality
and the catalytic activity of peptides. Orig. Life Evol. Biosph. 2004, 34, 35-55.
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•

[1/1*2*3/1] A. Commeyras, J. Taillades, H. Collet, L. Boiteau, O. VandenabeeleTrambouze, R. Pascal, H. Cottet, R. Plasson, J.-P. Biron, E. Souaid, L. Garrel, O. Lagrille,
G. Danger, J.-C. Rossi, F. Selsis, M. Dobrijevic, H. Martin. Molecular origins of life:
homochirality as a consequence of the dynamic co-emergence and co-evolution of peptides
and chemical energetics. In: Progress in Biological Chirality (proceedings of the 3rd
Interdisciplinary Symposium on Biological Chirality, Modena, Italy, Apr 30 – May 4 2003 ;
eds G. Palyi, C. Zucchi, L. Caglioti), Elsevier 2004, pp 49-64.

•

[1/1*3/1] O. Vandenabeele-Trambouze, M. Claeys-Bruno, M. Dobrijevic, C. Rodier, G.
Borruat, A. Commeyras, L. Garrelly.Comparison of methods for measurement of organic
compounds at ultra-trace level: analytical criteria and application to analysis of amino acids
in extraterrestrial samples. Astrobiology 2005, 5, 48-65.

•

[1/1*5/1] J.-P. Biron, A. L. Parkes, R. Pascal, J. D. Sutherland. Expeditious Prebiotic
Aminoacylation of Nucleotides. Angew. Chem. Intl. Ed. 2005, in press.

•

[1/1*6/1] R. Plasson, H. Bersini, A. Commeyras. Recycling Frank: spontaneous emergence
of homochirality in noncatalytic systems. Proc. Natl. Acad. Sci. USA 2004, 101, 1673316738.

•

[1/1*6/2] R. Plasson, H. Bersini, A. Commeyras. Homochirality as fixed point of prebiotic
chemistry. In: Artificial Life IX (proceedings of the 9th International Conference on the
Simulation and Synthesis of Living Systems, Boston, USA, Sept 12–15 2004 ; eds J. Pollack,
M. Bedau, P. Husbands, T. Ikegami, R. A. Watson), MIT Press 2004, pp 478-483.

Other publications relevant to D27/0001/02 topics
•

[1/1/1] J.-P. Biron, R. Pascal. Amino acid N-carboxyanhydrides: activated peptide
monomers behaving as phosphate-activating agents in aqueous solution. J. Am. Chem. Soc.
2004, 126, 9198-9199.

•

[1/1/2] E. Souaid, A. Commeyras, H. Collet, H. Cottet, B. Romestand. Procédé de
préparation de polylysines dendrimères greffés. French Patent nr 05/04309 (Apr 28, 2005).

•

[1/1/3] R. Pascal, L. Boiteau, A. Commeyras. From the prebiotic synthesis of α-amino
acids towards a primitive translation apparatus for the synthesis of peptides. Topics Curr.
Chem. 2005, 259, in press.

•

[1/8/1] H. R. Kricheldorf, C. V. Lossow, G. Schwarz. Primary Amine and Solvent-Induced
Polymerizations of L- or D,L-phenylalanine NCA. Macromol. Chem. Phys. 2005, 206,
282.

Communications to workshops and conferences (Into 6.2)
INV: invited lecture; ORA: oral communication; POS: poster (presenting author is underlined)
•

[1/1/1-INV] A. Commeyras. Molecular origins of life: homochirality as a consequence of
the dynamic co-emergence and co-evolution of peptides and chemical energetics. 3rd
Interdisciplinary Symposium on Biological Chirality, Modena (Italy), Apr 30 – May 4
2003.

•

[1/1/2-INV] R. Pascal. Prebiotic relevance of the conversion of amino acid Ncarboxyanhydrides into phosphoric-carboxylic mixed anhydrides. COST D27 (Prebiotic
Chemistry and Early Evolution), Meeting of the Working-Group 0004-02 (The use of
surfaces and vesicles for the amplification of chirality in polypeptide chains), Rome
(Italy), May 28–29 2004.
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•

[1/1/3-ORA] R. Pascal. Prebiotic and possibly biochemical relevance of the conversion of
aminoacid N-carboxyanhydrides into phosphoric-carboxylic mixed anhydrides 7th
International Symposium on Biomolecular Chemistry (ISBOC-7), Sheffield (UK), Jun 27 –
Jul 1 2004.

•

[1/1/4-ORA] A. Commeyras. Dynamic co-evolution of peptides and chemical energetics: a
gateway to the emergence of homochirality and the catalytic activity of peptides. 1st COST
D27 Workshop: Prebiotic Chemistry and Early Evolution, Ravello (Italy), Oct 17-19 2002.

•

[ORA] Laurent Boiteau. Dynamic coevolution of peptides and chemical energetics, a gate
towards the emergence of catalytic activity and nucleotides 2nd COST D27 workshop,
Budapest (Hungary), Dec 12–14 2003.

•

[1/1/5-ORA] R. Pascal, J.-P. Biron. The potential prebiotic abilities of aminoacid Ncarboxyanhydrides as energy carriers and as intermediates of archaic coded peptide
synthesis. 3rd COST D27 Workshop , Hersonissos (Greece), Oct 1-2 2004.

•

[1/1/6-ORA] R. Plasson, H. Bersini, A. Commeyras. Recycling Frank: spontaneous
emergence of homochirality in closed non-catalytic systems. 3rd COST D27 Workshop,
Hersonissos (Greece), Oct 1-2 2004.

•

[1/1/7-ORA] R. Pascal. Amino acid N-carboxyanhydrides as early energy carriers –
Towards a continuous scenario from prebiotic amino acid chemistry to the emergence of
the translation apparatus. 14th International Conference on the Origin of Life (ISSOL'
05),
Beijing (China), Jun 19–24 2005.

•

[1/1/8-POS] R. Plasson, H. Bersini, A. Commeyras. Homochirality as fixed point of
prebiotic chemistry. Artificial Life IX (9th International Conference on the Simulation and
Synthesis of Living Systems), Boston (USA), Sept 12–15 2004.

•

[1/1/9-POS] G. Danger, L. Boiteau, R. Pascal, J. Taillades, A. Commeyras. Prebiotic
chemistry: models and experiments for the emergence of homochirality. 14th International
Conference on the Origin of Life (ISSOL'
05), Beijing (China), Jun 19–24 2005.

•

[1/1/10-POS] O. Vandenabeele-Trambouze, M. Dobrijevic, M. Geffard, D. Bodet, A.
Commeyras. Raising of antibodies against small compounds: an analytical challenge for
biotechnology developments in future planetary exploration. 14th International Conference
on the Origin of Life (ISSOL'
05), Beijing (China), Jun 19–24 2005.

Meetings/Workshops
•

November 21-22, 2003, Montpellier: Kick-off meeting of the WG D27/0001/02.

Presentations:
• L. Boiteau: Prebiotic dynamic energy-matter coevolution: the primary pump, a global scenario for peptide
prebiotic emergence, overview & insights.
• R. Pascal: Catalysis in prebiotic chemistry
• H. Cottet: Separation & physico-chemical characterisation of polypeptides by capillary electrophoresis.
• W. Vayaboury: kinetics of α-aminoacid N-carboxyanhydride polymerisation in organic media.
• H. R. Kricheldorf: Cyclic polypeptides via ring-opening polymerisation of a-amino acid Ncarboxyanhydrides
• O. Trambouze & G. Dessalces: High-performance analytic methods for prebiotic chemistry.
• F. Selsis: Photochemistry of the early atmosphere: abundances of O2 and NO ?
• R. Plasson: Computer modelling of the primary pump: towards emergence of homochirality.
• T. Lenaerts: Design patterns for the generation and the analysis of chemical reaction networks.
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Short-Term Scientific Missions financed by COST
Time
19.04.2004 19.05.2004
01.09.2004 30.09.2004

Visiting scientist (team)

Host (team)

Raphaël Plasson (1)

Hugues Bersini (6)

Raphaël Plasson (1)

Hugues Bersini (6)

Purpose
computer simulations, joint
paper
computer simulations, joint
paper

Exchanges financed from other sources
– Alastair Parkes (Team 6) to Team 1, 1 week, september 2004
– Odile Vandenabeele-Trambouze (Team 1) to Team 3 (several short missions)
– A. Commeyras, H. Collet and E. Souaid (Team 1) to Team 4 (1 day)
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WORKING GROUP D27/0003/02
“Emergence and Selection of Networks of Catalytic Species.”
Participation
Team
1
2
3
4
5
6

Institution & Country

Team members
Peter F. STADLER
Universität Leipzig, Germany
Gil BENKÖ
Ivo HOFACKER
Universitaet Wien, Austria
Christoph FLAMM
Universitat Autònoma de Barcelona,
Mauro SANTOS
Spain
NN
Institute for Advanced Study, Budapest,
Eörs SZATHMÁRY
Hungary
NN
National Agricultural Research
Elias ZINTZARAS
Foundation, Greece
NN
Martin
FIELD
Institut de Biologie Structurale, Grenoble,
France

Scientific Structure
Task A. Dynamics of Selection, is a present mainly the research area of the Greek, Hungarian, and
Spanish partners
Task B. "Dynamics in Sequence Space" is approached from two different angles. The Greek, Hungarian and Spanish partners have focussed on the analysis of known aptamers and ribozymes, the
Austrian and German partners were mostly concerned with the dynamical consequences of errorprone replication at the sequence level.
Task C. "Chemical Reaction Networks" is a focus of the Austrian, French, and German partners.
The main line of research in this area is concerned with a computational platform of an art. chem

Team No.
Number of joint papers
STSM
Themes/tasks
1
A5

C
6

2

4
2

B

6
5

3
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Scientific Results
Task A. Dynamics of selection, is a present mainly the research area of the Greek, Hungarian, and
Spanish partners.
Recombination is a ubiquitous process in the evolution of present-day organisms. Nevertheless, its
effects are often overlooked in discussions of early evolution. Based on the stochastic corrector
model, one can show that genomic redundancy is less costly than often assumed and that cellular
fusion is usually not beneficial at the population level when intragenomic conflict (i.e., parasites) is
taken into account. This result challenge the idea that recombinational repair was the major
selective force for the emergence of sex. In a setting where a continuous input of deleterious
mutations that directly affect the fitness of the protocell as whole rather than individual redundant
genes, there are circumstances when sex could be beneficial as a side effect of the dynamic
equilibrium between cellular fusion, mutation and selection. The scenario we have explored
numerically is fully consistent with the idea that the universal ancestor was not a discrete entity but
an ensemble of proto-organisms that exchanged much genetic information.
Dynamical scenarios in which genes are already enclosed in a compartment (vesicle, protocell)
show a quite intricate interplay among mutation, recombination, and gene redundancy. Provided
that the minimum number of gene copies per protocell was enough for recombination to recreate
wildtype templates, but not too high to impose an unbearable burden, one observes an increase in
the error threshold, i.e., an increase in the sustainable genome length. However, the upper bound of
informational length would still be far from the minimal provisions. Another effect that alleviates
the limitations imposed by the error threshold is product inhibition, i.e., the decrease of replication
rates with accumulating product. Such systems, which are chemically plausible e.g. via ligation-like
replication mechanisms, allow limited co-existence and hence may circumvent the error-threshold.
When coupled to growing membranes or vesicles such systems may exhibit strong selection
between protocells with different genomic contents.
While compartmentalization of unlinked, competing templates is widely accepted as a necessary
step in (pre)biotic evolution, preservation of information by templates confined to isolated vesicles
of finite size is difficult: random drift tends to wipe out any template that does not replicate
perfectly, no matter how small the error probability might be and it precludes the coexistence of
neutral mutants in the same compartment. A systematic investigation of the conditions for group
selection to prevail over drift and mutation showed, however, that there are no fundamental
impediment to the coexistence of an arbitrary number of template types with the same replication
rate inside a vesicle, except of course for the vesicle capacity. Group selection in the form of vesicle
selection is therefore a necessity for compartmentalized primordial genetic systems even in the
absence of intragenomic competition of different templates.
The evolutionary dynamics of the proto-organism depends crucially on the chemical kinetics of its
sub-systems and on their interplay. In this work the template replication kinetics is investigated and
it is found that the product inhibition inherent in the ligation-like replication process allows for
coexistence of unrelated self-replicating proto-genes in the lipid surface layer. The combined
catalytic effects from the proto-genes on the metabolic production rates determine the fate of the
strain proto-cell.

Task B. "Dynamics in Sequence Space" is approached from two different angles. The Greek
Hungarian and Spanish partners have focussed on the analysis of known aptamers and ribozymes,
the Austrian and German partners were mostly concerned with the dynamical consequences of
error-prone replication at the sequence level.
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Aptamers derived from numerous evolution experiments in the last decade are an excellent starting
point for a partical reconstruction of the RNA world. To this end, the fitness landscapes of RNA
aptamers, and their interaction with co-factors were studied in detail. In an RNA world there will be
many neutral and compensatory mutations that can raise the threshold, below which the functional
phenotype, rather than a particular sequence, is still present. Based on comparative analysis of two
extensively mutagenized ribozymes, that with a copying fidelity of 0.999 per digit per replication,
the phenotypic error threshold rises well above 7,000 nucleotides. This would permit the selective
maintenance of a functionally rich ribo-organism with a genome over 100 different genes the size of
a tRNA. The required replication accuracy is an order of magnitude improvement over in vitro
generated polymerase ribozymes. Incidentally, this genome size coincides with that estimated for a
minimal cell achieved by top-down analysis, minus the genes dealing with translation.
In order to understand the interactions in ribo-organism we systematically investigated the effects of
mutations on RNA-RNA interactions (co-folding). We find that (1) the degree of neutrality is much
smaller in interacting RNAs compared to RNAs that just have to conform to a single externally
prescribed target structure, and (2) strengthening this constraint to the conservation of the co-folded
structure with two or more partners essentially eliminates neutrality. It follows that RNAs whose
function depends on the formation of a specific interaction complex with a target RNA molecule
will evolve much more slowly than RNAs with a function depending only on their own structure.
The hypercycles is simple classical model of cooperatively interacting replicators. This scenario
allows to circumvent the error-threshold while at the same time become unstable against parasites.
The investigation of spatially extended hypercycle model with an explicit, RNA-based ``genetics'
'
,
however, shows that both spatial extension and mutational robustness due to the high degree of
neutrality is a effective protection against various classes of parasites. We find, furthermore, that the
sequence evolution hypercyclically coupled populations proceeds in a drift-like manner that can be
described by a diffusion process in sequence space. Kimura'
s theory of neutral evolution is therefore
applicable on long time-scales despite the fact that the hypercycle exhibits extreme periodic
changes in population sizes and that are governed solely by frequency-dependent selection.

Task C. "Chemical Reaction Networks" is a focus of the Austrian, French, and German partners.
The main line of research in this area is concerned with a computational platform of an artificial
chemistry. The purpose of this endeavor is to investigate generic properties of large complex
chemical networks. In order to simulate scenarios of prebiotic evolution the model must be close
enough to real chemistry to allow at least semi-quantitative comparisons. On the other hand, full
quantum-chemical simulations of all of chemistry are way beyond our computational capabilities.
We have therefore devised a "Toy Chemistry" in which molecules are represented as graphs and
chemical reaction are rewritings of graphs or pairs of ``reacting'
'molecular graphs. The model, in
contrast to most Artificial Chemistry systems, respects mass and conservations. Molecules are
represented as graphs, thereby neglecting 3D space, and employs a highly simplified version of the
Extended Hückel Theory (EHT) to compute molecular properties. It can be used to simulate
multiple phase environments by connecting the EHT calculations with chemical thermodynamics.
While earlier versions were based on prescribing reaction mechanisms in the form of graph
rewriting rules, we have now extended the model to explicit molecular collisions: Chemical
reactions are simulated by treating the formation and breaking of individual chemical bonds as
elementary operations. The model is implemented as an Ansi C++ library, as a stand alone
executable, and as a simple webserver. The software is distributed free of charge under the GNU
Public License and is already available to the community.
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Publications relevant to D27/0003/02 topics
•

•
•
•
•
•

•

•
•
•
•
•
•
•
•
•

1/ G. Benkö, C. Flamm, P.F. Stadler. Multi-Phase Artificial Chemistry. In: The Logic of
Artificial Life: Abstracting and Synthesizing the Principles of Living Systems (eds. H
Schaub, F. Detje, U. Brüggemann), IOS Press, Akademische Verlagsgesellschaft 2004,
Berlin, pp. 16-22 (Proceedings of GWAL 2004, Bamberg, 14-16 April 2004).
2/ C. Stephan-Otto Attolini, P.F. Stadler. Neutral Networks of Interacting RNA Secondary
Structures. Adv. Complex Syst. 2005, in press.
3/ G. Benkö, C. Flamm, P.F. Stadler. Explicit Collision Simulation of Chemical Reactions
in a Graph Based Artifical Chemistry. ECAL 2005, accepted
4/ C. Stephan-Otto Attolini, P.F. Stadler, C. Flamm. CelloS: a Multi-level Approach to
Evolutionary Dynamics. ECAL 2005, accepted.
5/ G. Benkö, C. Flamm, P.F. Stadler. The ToyChem Package: A Computational Toolkit
Implementing a Realistic Articial Chemistry Model. Croat. Chim. Acta 2005, in press.
6/. E. Zintzaras, M. Santos, E. Szathmary. Monte Carlo simulation models of early key
genetic systems. Hawaii International Conference on Statistics and Related Fields,
Honolulu, Hawaii 2003. (URL: http://www.hicstatistics.org/). Proceedings of the Hawaii
International Conference.
7/ G. Benkö, C. Flamm, P.F. Stadler. Explicit Collision Simulation of Chemical Reactions
in a Graph Based Artifical. Bioinformatics Preprint 05-015, submitted. G. Benkö, C.
Flamm, P. F. Stadler, The ToyChem Package: A Computational Toolkit Implementing a
Realistic Articial. Bioinformatics Preprint 05-002, submitted.
9/ G. Benkö, C. Flamm, P. F. Stadler. Multi-Phase Artificial Chemistry. Bioinformatics
Preprint 03-029, Submitted to GWAL 04
10/ M. Santos, E. Zintzaras, E. Szathmáry, Origin of sex revisited. Orig. Life Evol. Biosph.
2003, 33, 405-432.
11/ M. Santos, E. Zintzaras, E. Szathmáry, Recombination in primeval genomes: A sep
forward but still a long leap from maintaining a sizeable genome. J. Mol. Evol. 2004, 59,
507-519.
12/ E. Szathmáry, M. Santos, C. Fernando. Evolutionary potential and requirements for
minimal protocells. Topics Curr. Chem. 2005, in press.
13/ J.F. Fontanari, M. Santos, E. Szathmáry, Coexistence and error propagation in package
models: a group selection approach. J. Theor. Biol. 2005, in press.
14/ A. Kun, M.-C. Maurel, M. Santos, E. Szathmáry. Fitness landscapes, error thresholds,
and cofactors in aptamer evolution. In: Aptamers and Synthetic Catalytically Active
Oligonucleotides –Identification and Applications. Wiley-VCH Verlag 2005, in press.
15/ A. Kun, M. Santos, E. Szathmáry. Real ribozymes suggest a relaxed error threshold.
Nature Genetics 2005, in press.
16/ S. Rasmussen, L. Chen, B.M.R. Stadler, P.F. Stadler. Proto-Organism Kinetics:
Evolutionary Dynamics of Lipid Aggregates with Genes and Metabolism. Orig. Life Evol.
Biosph. 2004, 34, 171-180.
17/ S. Rasmussen, L. Chen, D. Deamer, D.C. Krakauer, N.H. Packard, P.F. Stadler, M.A.
Bedau. Transitions from Nonliving to Living Matter. Science 2004, 303, 963-965.
Correspondence associated with this article: Science 2004, 305, 41-43.

Meetings/Workshops
•

November 2 – November 5, 2004, Bochum

A mini-group meeting was successfully accomplished at the University of Bochum (RUB) to discuss the origin
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of replication from the experimental and theoretical point of view, the origin of protocells (minimal life), and
plans for a new Working Group on the synthesis of replicative infrabiological systems. Participants: Eors
Szathmary (Collegium Budapest), Chrisantha Fernando (Collegium Budapest), Günter von Kiedrowski (Univ.
Bochum), Karin Achilles (Univ. Bochum), Wolf-Matthias Pankau (Univ. Bochum), Nils Hellwig (Univ.
Bochum).

•

•
•
•
•
•
•
•
•

February 27- March 01, 2005, Bled/Slovenien, “Evolution in Networks of catalytic species”

The work group meeting was a real success. In accordance with the goals of the WG, the questions discussed
were theoretical, at various levels of abstraction. The definition and identification of chemical organisations
was a crucial part of the presentation and discussions (Dittrich, Benkö, Stadler). This is important because
infrabiological and living systems ARE chemical organisation, but also because we must be able to identify
them in ‘chemosphere’ type simulations. A key open question is with what propensity chemospheres end up
with something like tar and something like life (Szathmáry). Simulated toy chemistries (Benkö) can contribute
to the solution of this problem. The area of nucleic acid replicators have been addressed from the point of view
of mutational fields (Strazewski), fitness landscapes based on data on known ribozymes (Kun), the
spontaneous emergence of long templates (Fernando), selection dynamics of surface-bound replicators leading
to a metabolic system (Czárán), and vesicle models (Santos). Mutational field could in principle generate
locate sequences in certain regions of sequence space without selection: the idea needs further elaboration. In
accord with some experiments, long templates emergence far more readily than they replicate: this is another
example of the problem of side reactions. A primordial minimal replicase may be that channels reactions rather
than speeding up any of them. A revised error threshold calculated from the data gives hope that the problem
of the error catastrophe in early evolution may be more readily soluble than hitherto thought. Compartments
would provide the most stringent selection environment for the origin of enzymatic function. Bioinformaticsrelated relevant research was presented in the direction of noncoding RNA in vertebrate genomes (Hofacker),
the role of micro RNAS (Tanzer). Clever methods developed to analyze and these systems, joined with such
programmes as Co-Fold, has lead to some artificial-life-related presentations of a minimal cell (Flamm) and,
more concretely, a model of amoeboflagellate protests (Stephan). Analysis of these models may shed light on
features of living systems not readily accessible to large-scale experimental manipulation. The workshop was
complemented by presentations of dynamical analyses of contemporary systems. Fission yeast division can
nicely by characterized by a logical circuit (Svetina), whereas modelling of intracellular reaction-diffusion
systems looks into the spatio-temporal organization of living cells (Field). Finally, the role of Ca signalling in
cells, such as myosin regulation, was presented (Brumen).
Participants: Dr. Mauro Santos, Spain, Professor Sasa Svetina, Slovenia (local organiser), Prof. Milan Brumen,
Slovenia, Professor Peter F. Stadler, Germany, Gil Benkö, Germany, Professor Eoers Szathmary, Hungary,
Adam Kun, Hungary, Ivo Hofacker, Austria, Christoph Flamm, Austria, Martin Field, France, Dr. Peter
Dittrich, Germany, Professor Pierre Strazewski, France, Andrea Tanzer, Austria, Camille Stephan-Otto
Attolini, Austria, Dr. Dirk Drasdo, Germany, Sonja Prohaska, Germany, Tamas Czaran, Hungary, Istvan
Scheuring, Hungary, Chrisantha Fernando, UK

M. Santos, E. Zintzaras, E. Szathmáry. Dynamical coexistence of replicators and population
structure. Cost D27 Workshop (Budapest, Hungría), December 2003.
M. Santos, E. Zintzaras, E. Szathmáry. Dynamical coexistence of replicators and population
structure. Working Group – Cost D27 Meeting. February 27th – March 1st 2005, Bled,
Slovenia.
Kun, A., M. Santos y E. Szathmáry. Fitness landscapes and error thresholds of real
ribozymes. Working Group – Cost D27 Meeting. February 27th – March 1st 2005, Bled,
Slovenia.
M. J. Field. "Modeling Intracellular Reaction/Diffusion Processes", Working Group – Cost
D27 Meeting. February 27th – March 1st 2005, Bled, Slovenia.
Ivo Hofacker, Bled February 2005: Noncoding RNAs in Vertebrate Genomes Budapest,
Dezember 2003: Evolution of Primitive Genetic Codes
Christoph Flamm, Heraklion September 2004: Computational Design and Folding
Dynamics of Nucleic Acid Sequences, Bled February 2005: The MiniCellSim Model
Szathmary, E., T. Czaran, B. Konnyu, M. Santos and E. Zintzaras., Buildup and dynamical
maintenance of primordial genomes. 29th FEBS, Congress. 26 June - 1 July 2004, Warsaw,
Poland.
Gil Benkö, Toy chemistry Model, 28.2.2004 am Working Group Meeting of
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COST/D27/0003/02

Short-Term Scientific Missions financed by COST
Time
08.07.0423.07.04
10.01.0527.01.05
01.04.0415.04.04
06.11.0413.11.04
05.02.0422.02.04
10.01.0527.01.05
09.02.0414.02.04
22.11.0413.12.04

Visiting scientist (team)
Host (team)
Mauro Santos (3)
Eörs Szathmáry (4)

Purpose
Collaboration

Mauro Santos (3)

Eörs Szathmáry (4)

Collaboration

Chrisantha Fernando

Eörs Szathmáry (4)

collaboration

Chrisantha Fernando

Mans Ehrenberg

Collaboration

Elias Zintzaras (5)

Eörs Szathmáry (4)

Collaboration

Elias Zintzaras (5)

Eörs Szathmáry (4)

Collaboration

Adam Kun

Ivo Hofacker (2)

Collaboration

Camille Attolini

Peter Stadler (1)

Collaboration
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WORKING GROUP D27/0004/02
“The use of surfaces and vesicles for the amplification of homochirality in
polypeptide chains.”
Participation
Team
1
2
3
4
5

6

7
8
9
10
11

12

13

14

Team members
Meir LAHAV
Jose Geraldo NERY
The Weizmann Institute of Science, Israel
Irina RUBINSTEIN
Ran ELIASH
Pier Luigi LUISI
Institute für Polymere-ETHZ, Switzerland
NN
Isabelle WEISSBUCH
The Weizmann Institute of Science, Israel
NN
Giovanna MANCINI
Cecilia BOMBELLI
Università La Sapienza, Roma, Italy
Stefano BORROCCI
Fredrical LUPI
Centre de Neurochimie, Strasbourg
Guy OURISSON
France
NN
Martin FEITERS
S. VAN DONGEN
M. DAMEN
University of Nijmegen, The Netherlands B. ESCUDER, Marie-Curie fellow Currently
Castellon
G.A. METSELAAR
J.J.L CORNELISSEN
Roeland NOLTE
University of Nijmegen, The Netherlands
NN
José Maria RIBO
University of Barcelona, Spain
NN
Semenov Institute of Chemical Physics,
V.A. AVETISOV
Moscow, Russia
NN
R. PURRELLO
Massimo DE NAPOLI
University of Catania, Italy
Rosaria LAUCERI
Angela MAMMANA
Centre de Biophysique Moléculaire,
A. BRACK
Orléans, France
NN
Mikael HÅKANSSON
Anna JOHANSSON (presently post-doc
Göteborg University, Sweden
with Dario Braga in Bologna)
Anders LENNARTSON
Theonitsa KOKOLI
Ben FERINGA
N. HUCK
W. JAGER
University of Groningen, The Netherlands M. DE LOOS
J. DE JONG
E.DIJK
R. EELKEMA
Stefano COLONNA
G. CARREA
G. OTTOLINA
Università degli Studi di Milano, Italy
S.M. ROBERTS
D. KELLY
N. GAGGERO
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Scientific Structure

Task A. To desigh experimental methodologies for spontaneous “mirror” symmetry breaking by
“self-assembly” of achiral molecules and chemical reactivity. “Absolute Asymmetric Synthesis”
In particular the self-assembly of non-chiral porphyrin into chiral-self aggregates, by applying
physical and chemical means, and to amplify this chirality by autocatalytic process. The teams of
Purrelo, Mancini and Ribo are participating the program of the porphyrines. The groups of Purrelo
and Ribo had demonstrated that one may induce spontaneous symmetry breaking by simple selfassembly of phorphorine molecules. Mancini and Purrello have demonstrated that this chirality can
be induced also by interactions with other molecules, such as amino acids nucleic acids. Ribo has
demonstrated that this symmetry can be broken in a vortex system. The teams of Lahav, Weissbuch,
Feringa, Hakansson had demonstrated that one may induce symmetry breaking by reactivity in 2
and 3-dimensional(2D and 3D) crystals, Hakansson performed absolute asymmetric synthesis in 3D
crystals and Feringa and Brack has demonstrated the spontaneous “mirror” symetry breaking via the
application of circularly polarised light reactions in a variety of systems including racemic amino
acids.
Task B. To design experimetal methodologies for the generation of oligopeptides of homochiral
sequences starting from either racemic or from non-racemic mixtures of activated amino-acids.
This activity comprised the groups of Lahav, Weissbuch, Luisi, Feringa, Avetisov, Brack. Scientific
accomplishments. The groups of Lahav, Weissbuch, Luisi and Brack had elaborated synthetic rules
for the generation of homochiral oligopeptides from activated amino acids polymerised in aqueous
solutions. The groups of Feiter-Nolte and that of Feringa has elaborated syntetic routes for the
generation of chial gelly polymers starting from non-chiral monomers.
Task C. To understand the interactions between lipid-like systems with homochiral biopolymer-like
molecules. Synthesis of homochiral polymers in membrabe like environment.
The group of Mancini has elaborated N.M.R methodogies for the understanding the interactions
between short peptides and micelles, the group of Ourisson has elaborated syntetic routes for the
preparation of primitive phosho-lipid molecules, Feiter-Nolte and Lahav-Weissbuch has elaborated
reactions that take place in membraneous-like environment at interfaces. The groups had applied
grazing incidence diffraction technics to determine the structures of these architectures on the
molecular level.
The activity of this working group is closely linked with the activity of working groups 001/03
0006/03 and 007/03.
Task D. To design syntetic routes that can preserve as well as prolifarate the handedness once
generated spontaneously. The groups of Feringa and Colona that are active in this field had joined
the group recently. Two groups active in this field had joined us. These two teams are anticpated to
interact with the groups if task 2.
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Collaborative scientific structure of WG D27/0004/02 (14 teams + tasks A-D)

Scientific Results
Teams 1 and 3
Polymerization of monomers mixtures in an ideal solution results in the formation of oligopeptides
of binomial distribution. On the other hands the biopolymers are composed from amino acids or
nucleotides of single handedness. The challenge of this team was to generate enantiopure
oligopeptides by a combined process of self-assembly of the racemic monomers of amino acids into
crystalline architectures and to perform lattice controlled reactions within such crystallites. The
activated amino acids derivatives that had been selected for these studies comprise racemic
mixtures of activated amino acids such as N-carboxy anhydrides, that the Montpellier group has
proposed to be of prebiotic relevance 1 or by thioesters of the amino esters as proposed by De Duve2
and Wachtenhouser.3 Amphiphilic derivatives of such molecules are self-assembled at the air/water
interface into 2-dimensional (2D) crystallites and polymerised by the injection of metal ions in the
aqueous solution beneath the monolayers. The structure of the crystalline domains were elucidated
in collaboration with the group of Dr.K.Kjaer from the Riso laboratories in Danemark, by applying
the method of grazing incidence X-ray diffraction using synchrotron irradiation. The experiments
were performed at Hasy labs in Hamburg. The distribution of the libraries of the diastereoisomeric
oligopeptides was determined by Maldi-Tof mass spectrometry on samples enantioselectivelly
tagged with deuterium. In these experiments we had collaborated with Dr. G. Bolbach from the
University of Paris V and VI. We demonstrated that the local chiral environment of the crystallites
exert stereospecific induction on the reaction pathways resulting in the formation of an enhanced
concentration of racemic mixtures of oligopeptides bearing eight to twelve homochiral repeating
units and that departs from a binomial distribution.4-8. In a second class of experiments we
performed experiments on non-racemic mixtures of the amphiphilic thio-esters. The GIXD
experiments demonstrated in a number of cases that these mixtures undergo phase separation into
2D racemic and enantiomorphous domains. In some systems the racemic crystallites polymerise to
yield syndiotactic polymers whereas the excess of the enantiomer converts into enantiomorphous
oligopeptides of a single handedness.
Theories on origin of life suggest that primitive proto-cells had played a central role in the early
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days of pre-biotic chemistry. Our challenge was to design experiments where we can synthesis
homochiral peptides within such «membrane-like environments». As model systems we performed
polymerization reactions of racemic and non-racemic mixtures of the thio-esters of the amino-acids
mixed with various phospholipids.9,10 These experiments demonstrated that the amphiphilic amino
acids undergo phase separation from the phospho-lipides, to yield the same amino acid 2D
crystallites as on pure water. Furthermore, non-racemic mixtures of these thio-esters undergo a
phase separation into racemic and enantiomorphous domains within the phospholipid monolayers,
leading to the formation of enantiopure oligopeptides of homochiral sequence as on pure water. The
group of Prof. Ourisson synthesised artificial phospholipids at conditions that can be considered of
pre-biotic relevance. He supplied our group with such phospholipids to be used for the synthesis of
the homochiral peptides. Preliminary GIXD and X-ray reflectivity experiments performed by I.
Weissbuch on the same phospholipids had demonstrated that they don’t assemble in the form of 2D
crystallites and therefore are not amenable to the analytical methodologies applied by the present
team. Previous comprehensive reports by Fukuda11 on the polymerization of Langmuir films of
alkyl esters of amino acids at the air/water interface to yield oligopeptides could not be reproduced
by R. Eliash in our group12. On the other hand we demonstrated that esters of amphiphilic amino
acids are most efficient initiators, and polycondensation blockers of the corresponding thio-esters.8
This unique property has been successfully applyied for the desymmetrization of the racenic
mixtures of the oligopeptides generated by this route. Our current challenge is to extend these
experiments by inserting the amphiphilic amino acid esters within the walls of phospho-lipid
vesicles. At this end we are currently planning a joint venture with Prof. Walde from the ETH who
is an expert in the field of the vesicles.
Polymerization in the 3D crystalline state generally results in the formation of attactic polymers.
However, from the information that we gained on the polymerization of 2D NCA we anticpated that
stereospecific polymerizations of such molecules should occur in 3D crystals as well. Following
these studies we investigated the solid-state polymerization of racemic crystals of PheNCA as
susspended in aqueous solutions and initiated by various primary amines, and esters of various
amino acids such as Phe, Val, Trp and esters of short peptides.14,15 Preliminary studies on such
systems are promising since they displayed stereospecific reactivity. Libraries of homochiral
oligopeptides as the dominant component were generated. Theoretical study on these systems is
currently being performed by Dr Avetisov as described in his report.
Currently these polymerization reactions are being extended to the polymerization of the crystals of
racemic Valine and Leucine NCA crystals.16 While in the system of Val we obtained libraries of
oligopeptides where the ones of homochiral sequence are over expressed, the crystals of leucine
yielded libraries of atactic peptides. Based on these results we elaborated a multi step mechanism
that comprises the following steps: surface recognition of the chiral sites for the chiral initiator
molecules. Lattice controlled polymerization at the early stages of the reaction. Preferred
dissolution of the attactic polymers in the aqueous solution during the polymerization reaction
whereas the less soluble isotactic polymers remain at the surfaces of the monomer crystals and
continue to polymerise towards the interiour of the crystal to yield longer oligopeptides. At the
stage of the trimer-tetramer they self-assemble to yield parrallel-β-sheets composed from
alternating chains of opposite absolute configuration. At that stage the reaction proceeds at the
interfac between the polymer and the solid. A cooperative « template-like » mechanism that
comprises the addition of new repeating units on existing peptidic chains. The chiral sites at the
surfaces of the growing polymeric chains exerts an asymmetric induction on the one end and an
enantiomeric cross inhibition mechanism that hinders the regular growth of the oligopeptides that
bear heterochiral repeating units on the other. A comprehensive Maldi-Tof-Tof study of the various
oligopeptides is under current investigation in cooperation with Dr.G.Bolbah from the university of
Paris V-VI
The present mechanism suggested that homochiral oligopeptides can be also generated by the
polymerization of water soluble N-carboxy anhydrides yielding non-soluble β-sheets. Indeed
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preliminary results in this direction had confirmed our predictions.16
Previous studies by Team 2 of Prof.Luisi have demonstrated the formation of oligopeptides from
NCA of amphiphilic molecules such as Leu, Trp, Ile. The mechanism for the prefered formation of
the homochiral oligopeptides requires further elucidation. Several mechanisms should be
considered.First that the reaction takes place within aggregates formed in the aqueous solution. This
mechanism is reminicent to the mechanism of polymerization of the amphiphilic molecules taking
place at the air/water interface. In addition the proposed mechanism mentioned above, for the
polymerization of racemic ValNCA occuring in water, should in principle operate also in the Luisi
systems as well depending upon the solubility of the monomers and the short peptides in water.
Cooperative studies between the three groups are being planed.
A comprehensive review on Stochastic Processes of Mirror Symmetry Breaking by Weissbuch and
Lahav are published in the special issue on Pre-biotic Chemistry edited by P.Walde and just
appeared on the Web17.
In a cooperative study with the group of Prof. Volker Schurig from the University of Tubingen we
had reinvestigated some reports in the literature claiming that one may demonstrate diffences
resulting from Parity Violating Energy Differences. We demonstrated that the reported studies are
artefacts.18 These results demonstrate that there is not an experimental evidence that supports the
role played by the weak forces on the generation of chirogenesis on Earth.
References
1. R. Pascal, L. Boiteau and A. Commeyras. From the pre-biotic synthesis of α-amino acids towards a primitive
translation apparatus for the synthesis of peptides. Topic Curr. Chem. Appeared in the Web in the special issue on Prebiotic Chemistry P.Walde editor)
2. C. de Duve. Life Evolving Molecules Mind and Meaning. Oxford University Press 2002, New York.
3. C. Huber, W. Eisenreich, S. Hecht, G. Wachterhäuser. Science 2003, 301, 938. And cited manuscripts therein on
pre-biotic synthesis of sulfur compounds.
4. H. Zepik, E. Shavit, M. Tang, J.R. Torben, K. Kjaer, G. Bolbach, L. Leiserowitz, I. Weissbuch, M. Lahav. Chiral
Amplification of Oligopeptides in Two-Dimensional Crystalline Self-Assemblies on Water. Science 2002, 295, 1266,
published online 10 January 2002 in Science Express.
5. I. Weissbuch, G. Bolbach, H. Zepik, J. Frey, E. Shavit, M. Tang, J.R. Torben, K. Kjaer, L. Leiserowitz, M. Lahav.
Oligopeptides with Homochiral Sequences Generated from Racemic Precursors that Spontaneously Separate into
Enantiomorphous Two-Dimensional Crystalline Domains on Water Surface. J. Am. Chem. Soc. 2002, 124, 9093.
6. I. Weissbuch, H. Zepik, G. Bolbach, E. Shavit, M. Tang, T.R. Jensen, K. Kjaer, L. Leiserowitz, M. Lahav.
Homochiral Oligopeptides Via Chiral Amplification Within Two-Dimensional Crystalline Self-Assemblies at the AirWater Interface; Relevance to Biomolecular Handedness. Chem. Eur. J. 2003, 9,1782.
7. I. Weissbuch, G. Bolbach, L. Leiserowitz, M. Lahav. Chiral Amplification of Oligopeptides via Polymerization in
Two-Dimensional Crystallites on water. Orig.Life Evol. Biosphere 2004, 34, 79.
8. I. Rubinstein, K. Kjaer, I. Weissbuch, M. Lahav. Homochiral Oligopeptides Generated via an Asymetric Induction in
Two Dimensional Racemic Crystallites at the Air-Water Interface. 2005, in press.
10. I. Rubinstein, G. Bolbach, M. J. Weygand, K. Kjaer, I. Weissbuch, M. Lahav. Amphiphilic Homochiral
Oligopeptides Generated via Phase Separation of Nonracemic -Amino Acid Derivatives and Lattice-Controlled
Polycondensation in a Phospholipid Environment. Helv. Chim. Acta 2003, 86, 3851.
11. I. Weissbuch, I. Rubinstein, M.J.Weygand, K. Kjaer, L. Leiserowitz, M. Lahav. Crystalline Phase Separation of
Racemic and Nonracemic Zwitterionic α-Amino Acid Amphiphiles in a Phospholipid Environment at the Air/Water
Interface: A Grazing-Incidence X-Ray Diffraction Study. Helv. Chim. Acta 2003, 86, 3867-3874.
12. K. Fukuda, Y. Shibasaki, H. Nakahara, M. Liu. Adv. Colloid Interf. Sci. 2000, 87,113.
13. R. Eliash, I. Weissbuch. M. J. Weygand, K. Kjær, Leslie Leiserowitz, M. Lahav. Structure and Reactivity in
Langmuir Films of Amphiphilic Alkyl and Thio-Alkyl Esters of α-Amino Acids at the Air-Water Interface. J. Phys.
Chem. B 2004, 108, 7228.
14. J.G. Nery, G. Bolbach, I. Weissbuch, M. Lahav. Generation of Oligopeptides with Homochiral Sequence by
Topochemical Reactions within Racemic Crystals of Phenylalanine-N-Carboxyanhydride. Angew. Chem. Int. Ed. 2003,
42, 2157.
15. J.G. Nery, G. Bolbach, I. Weissbuch, M. Lahav. Homochiral Oligopeptides Generated via Induced “Symmetry
Breaking” Lattice-Controlled Polymerizations in Racemic Crystals of Phenylalanine-N-Carboxyanhydride. Chem. Eur.
J. 2005, 11, 3039.
16. R.Eliash, I. Rubinstein, work in progress.
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17. I. Weissbuch, L. Leiserowitz, M. Lahav. Stochastic “Mirror-Symmetry Breaking” via Self-Assembly, Reactivity
and Amplification of Chirality; Relevance to Abiotic Conditions. Topics Curr. Chem 2005, appeared in the Web.
Special Issue on Prebiotic chemistry P.Walde Editor.
18. M. Lahav, I. Weissbuch, E. Shavit, C. Reiner, G.C. Nicholson, V. Schurig. Parity Violating Energetic Differences
and Enantiomorphous∗ Crystals – Caveats; Reinvestigation of Tyrosine Crystallization. 2005, in the press.

Team 2
This team is concerned with the spontaneous onset of homochiral oligopeptide sequences. In their
recent studies they demonstrated that the polymerization of hydrophobic NCA (Ncarboxyanhydride = cyclic anhydride)-amino acid racemates (i.e. tryptophane, leucine and
isoleucine) in aqueous solution yields oligopeptides that are characterized by a high degree of
homochiral sequences. Experimentally the stereoisomer distribution for each oligomer length can be
determined by the use of enantio-labeling and LC-MS (Liquid Chromatography-Mass
Spectrometry).They had also demonstrated that quartz enhances efficiently the mole fraction of
oligopeptides with homochiral sequence by selectively adsorbing the more stereoregular
oligopeptides from an aqueous solution of oligo-D,L-leucine. In particular the mole fraction of the
adsorbed homochiral 7mers is 17 times larger than the mole fraction calculated for a theoretical,
random process. Furthermore, when they polymerized initial mixtures of an enantiomeric excess
(e.e.) of 20% of L-leucine (L-amino acid: D-amino acid = 6:4, molar ratio) the team observed a
chiral amplification in the enantiomeric homochiral oligopeptides. The mechanism of this reactivity
has not been so far elucidated. It may comprise reactivity within self-assembled clusters, or via a
mechamism akin to the one proposed by Team 1 and 3 in the case of the polymerization of ValNCA. It is planned to joint forces between the three teams in order to unravel the detailed
mechanism of these reactions.
This team is also interested by the role played by amphiphilic molecules present in the aqueous
solutions on the mechanism of the reaction in general, and the formation of the homochiral
oligopeptides in particular.
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Team 4
This group is investigating processes of chiral recognition of peptides embedded in primitive biomembranes. This phenomenon is directly linked to the question of the feasibility to amplify
efficiently chirality of systems of small enantiomeric imbalance. It is anticipated that such studies
might clarify the interactions involved in the transfer of chirality from the molecular to a higher
level of complexity. In order to provide insight to this question the group is applying NMR
methods. More specifically studies had comprised the insertion of short dipeptides that bear
aromatic side groups such as di tryptophane or di-phenyl alanine that interact with micellar
aggregates of sodium N-dodecanoyl-L-prolinate Ditryptophan showed a selective association with
the Z-domains of the amidic aggregates, whereas diphenylalanine did not show any selectivity in
the association. Partition coefficients between water and aggregates were evaluated by diffusion
NMR experiments and showed a higher extent of association of the heterochiral dipeptides with
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respect to the homochiral ones. Moreover the chemical shift variations of the SDP resonances
suggestthat heterochiral enantiomers of ditryptophan are associated with a more internal region of
the aggregate with respect to homochiral enantiomers.
Intra-molecular distances of ditryptophan isomers associated with chiral aggregates were obtained
by ROESY experiments and were used as constraints in molecular mechanics calculations. From
these calculations, the conformation of homochiral dipeptides in the chiral aggregates resulted
different from those of hetero-chiral ones, whereas the conformation of homo and heterochiral
ditryptophan in phosphate buffer resulted similar. The proposed model of the interaction implies
that chiral recognition occurs, in the case of heterochiral dipeptides, in a region far from the
stereogenic centers. These results confirm that chiral recognition in biological membranes is a
complex process that may also occur in internal regions of the lipid double layer, i.e., far from the
stereogenic centers. Because of the high organization observed in a simple system such as the
model we have investigated, we believe that it is reasonable to investigate the role of more
organized systems, such as primordial biomembranes, with biopolymers. Studies along these lines
are in progress.
The methods applied by this group should be possibly applicable in the future monitoring the early
polymerization stages in membraneous environment.
In a second program Prof. Mancini has investigated the aggregation of amphilised porphyrin
derivatives bearing a chiral functionality. These studies had demonstrated that the composition of
the solvent strongly affects the supramolecular chirality of the porphyrin aggregates.
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Team 5
The Ourisson group at Pasteur-Strasbourg has been concerned with the question of the pre-biotic
molecules forming membranes, and introduced the notion that terpenoid structures might possibly
give rise to such molecules. G. Ourisson and Nakatani proposed "the theory of the biochemical
evolution of biomembranes", in which they postulated that hopanoids and carotenoids might play
the same role in procaryotes as does cholesterol in eucaryotes, that is, membrane reinforcers. By
developing novel biophysical methods, the group showed that sterols, hopanoids,
-carotenoids
and their biosynthetic precursors do indeed reinforce the bilayer in simple models of biomembranes
(uni-lamellar vesicles, oriented multi-bilayers). Consequently they have presented an original
scenario about the early formation of membranes and their evolutions: it was possible to arrange the
membrane terpenoids in a phylogenetic sequence, and a retrograde analysis has led to the concept
that polyterpenoid phosphates might have been the most "primitive" membrane constituents.
Vesicles, once formed by self-organization of these amphiphiles, become spontaneously more
complex. The group directed their studies towards the search for the origin of membranes and their
complexification to generate "proto-cells". Giant vesicles made from the above mentioned
"primitive membrane" components have been successfully coated with a hydrophobized
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polysaccharide, thereby generating "cell wall"-that mimic structures from simple cell membranes.
In the last years the group has continued to design novel type of membranes to be of relevance to
pre-biotic chemistry1,2as well as to probe their properties by different analytical methodologies3.
Thus for example they reported that mixtures of the rigid amphiphile disodium cholesteryl
phosphate (DCP) with the non-phosphorylated diacyl amphiphile dimyristoylglycerol (DMG) to
give self-organized systems in a wide range of pH, as demonstrated by differential
microcalorimetry. These systems can form closed bilayer vesicles, as shown by optical microscopy
(Nomarski and confocal). Neither of the pure components taken alone, give vesicles in these
conditions but 10% DMG is enough to lead to the formation of vesicles from pH 5.8 to 9.3. These
novel self-organized systems are akin to the classical eucaryotic ones, built on a phosphorylated
diacylglycerol and free cholesterol (or analogues), the only difference being the site of the
phosphate.2. The stability of polyprenyl phosphates in the form of Langmuir monolayers at the
air/water interface and in the presence of various ions such as Na Ca Mg and lantanides were
analyzed by surface tension measurements3. Although sodium ions in the sub-phase showed only a
weak effect on the stabilization of the monolayer, addition of magnesium ions or a small amount of
calcium ions significantly suppressed the dissolution of the monolayer into the sub-phase and
increased its mechanical stability against collapse. Based on these experimental facts, a plausible
scenario for the formation of primitive cell membrane by transformation of a monolayer to vesicle
structures is proposed.
An attempt to cast additional light on the stability of these monolayer film by grazing incidence
grazing diffraction was made by the Weizmann team 1 and 3. Unfortunately the pure samples do
not form crystalline domains. Further studies on the films deposited on aqueous solutions
containing various salts should be more promising.
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Team 6-7
The group of Feiters and Nolte from the Department of Organic Chemistry in Nijmegen is
investigating the interaction of amphiphilic systems with chiral peptide-like polymers. In particular
the group has experience in the self-assembly of chiral structures from chiral amphiphiles both as
dispersion in water and in 2-dimensional crystals in monolayers at the air-water interface. The
compounds under investigation are functionalized gluconamides and phosphate and imidazole
derivatives of aminoalcohols, all of which are in principle accessible in both enantiomeric forms.
Spectroscopic studies have shown that in all these aggregates the relative orientation of the amide
bonds in the amphiphiles and the possibility to form H-bonds between them are critical for the
expression of the chirality of the molecule in the shape of the 2-dimensional crystal and/or the
dispersed aggregates. Gemini surfactants based on lysine have been developed. The group also
prepared basket-like molecules displaying a function of recognition between chiral amino acids.
The properties of new chiral gels have been structurally investigated. Finally template-like
enantiospecific polymerization reactions of chiral polyisocyanates molecules as a route for the
amplification of chirality has been discovered.
a) Gemini Surfactants: More recently we have developed the chemistry of chiral lysine-based
gemini surfactants. Such compounds have been shown to bind to DNA on the basis of charge
complementarily of the protonated lysine head-group and the anionic polynucleotide phosphate
backbone; the resulting lipoplex can be used for transfection in the framework of gene therapy, i.e.
it cross a biological membrane by the process of endocytosis, allowing the DNA to be delivered in
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the cell and maybe even to the nucleus. The functional properties of the self-assembled surfactants
is underway. Analogous compounds (gemini-like amphiphilic peptide) have been designed in which
the alpha-omega-diamino alkyl spacer is replaced by a peptide; basically the compound is a peptide,
which can have N and C-termini acylated and aminated, respectively.1,2
b) Enantioselective Amphiphilic Cavitands: An amphiphilic basket-like molecules with chiral side
arms based on lysine has been elaborated. Interestingly these were found to aggregate in vesicles
and display enantioselective recognition for some amino acids.3
c) Two-component gels of dendritic lysine peptides: Two-component chiral gels of dendritic
peptides based on Boc-protected Lysine with alpha-omega-diamino alkanes have been developed in
York (UK) and investigated with circular dichroism, X-ray diffraction, and electron microscopy
(EM) in Nijmegen. Of particular interest was the investigation of the effect of mixing peptides of
opposite lysine chirality. The gel of the racemate was less stable, as expressed in a lower Tgel, than
in the case of an enantiomeric excess, and the EM revealed the presence fine fibers in the case of
pure enantiomers as opposed to broad ribbons for the racemate.4,5
d) Chirality of Polyisocyanide Derivatives: The polymerization of chiral isocyanides by Ni(II) to
give helical polymers has been a topic for study in our laboratory for a long time. Recently we have
discovered that this polymerization can in certain cases, i.e. for L,D- isocyanyde ala-ala(IAA) but
not for L,L-IAA, also be polymerized by acid. An interesting discovery was made when the
polymerization of isocyanides of Ala-Ala peptide dimers was investigated with circular dichroism.6
When L,L-IAA was added to poly-L,D-IAA, the polymer continued to grow to give a blockcopolymer, whereas addition of D,D-IAA did not result in any further polymerization, and addition
of L,D-IAA only led to new polymer molecules, not extension of the existing ones. Apparently the
repulsion between L,L-IAA molecules that prevents the acid-catalyzed polymerization can be
overcome by hydrogen bonding to the helical poly-L,D-IAA initiator; i.e. the existing helical
polymer acts as a template for the continued polymerization, forming a supramolecular complex
with the monomer.
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Team 8
J-aggregates were demonstrated to undergo”total asymmetric transformations” in solution such
that the non-chiral molecules convert into fiber-like associates. The group of Josep M. Ribó the
University of Barcelona have been studying, how the polarization effect of hydrodynamic forces
acts upon spontaneous symmetry-breaking processes in supramolecular aggregates of achiral
amphiphilic porphyrins. Their studies had demonstrated that chiral hydrodynamic forces (vortices)
generated either by stirring or by rotatory evaporation, during the self-assembly process (diffusionlimited cluster-to-cluster mechanism) suffice to establish the chiral sign of the spontaneous
symmetry process (1-3). The group is now studying, by scanning probe microscopy (SPM), how
such aggregates are formed after initial absorption-concentration on surfaces. The previous results
show that the structural information can be transferred from the mesophase to the molecular level,
[primary structure <=> secondary structure <=> tertiary structure <=> mesophase (condensed
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matter)]. A reasonable chemical explanation of this is based on the chiral shape of the mesophases
(helical ribbons) and on the colloidal and electrostatic character of the clusters involved in the
aggregation mechanism. Preliminary reports of these investigations appear in Ref.3.

A molecular formulae and an AFM topography and amplitude signal images of helicoidal ribbons
of the porphyrin aggragates prepared by rotary evaporation of the solution is shown in the figure. It
is worth noting here that these characteristics (helical shape and surface electrostatics) are found in
polypeptides and DNA. The group is currently extending these studies to the interactions of these
aggregates with such biopolymers. Previous studies by the team of Purrello had shown that the
chiral induction of these aggregates of amphiphilic porphyrins is easily performed by chiral
polypeptides and DNA.4,5 Consequently, the group is currently investigating whether chiral
induction could also occur in the inverse way, i.e. chirality induction, or molecular recognition, by
these chiral porphyrin aggregates on racemic mixtures of polypeptides that can be generated by the
synthetic methods of teams 1, 2 and 3. The applicability of the Ribo method to other systems had
been demonstrated by a recent report by Aida et al on chiral films by spin coating hydrogen bonded
dendritic zinc porphyrin J-aggregates, where either one of the two enantiomeric forms of the film is
selected by the spinning direction.6
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Team 9
The Avetisov group has been involved for many years in theoretical study of symmetry breaking
phenomena under enantioselective processes. The main results here have been presented by
scenario of the transition from pre-biology to early biology based on the spontaneous symmetry
breaking [Avetisov V.A. et al. Physics Today. 44, 33 (1991), Avetisov V.A., Goldanskii V.I.
Physics-Uspekhi. 39, 819 (1996), Avetisov V.A., Goldanskii V.I. Proc. Natl. Acad. Sci. USA. 93,
11435 (1996), Avetisov V.A. in Advances in BioChirality, Eds. G. Palyi, C. Zucchi, L. Caglioti.
(Amsterdam: Elsevier, 1999) p. 69., Avetisov V.A. in Fundamentals of Life, Eds. G. Palyi, C.
Zucchi, L. Caglioti. (Paris: Elsevier, 2002) p 361,] A second line of research is devoted to the theory
of dynamics and evolution of complex systems. In the context of this Action the group has also been
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involved in the development of mathematical tools for design, analytic and computer simulation
study the models of evolution based on hierarchical random processes [V. Avetisov et al. J. Phys.
A. Math. And Gen. 32, 8785 (1999), ibid. 35, 177 (2002), 36, 4239 (2003)]. Current work relevant
to COST D27 is focussed on the error catastrophe problem specified up to such models [Avetisov
1]
.Our work focused on theoretical study of the lattice control polymerization within racemic
crystals of phenilalanine-N-carboxyanhydride as an example of generation of homochiral polymers
under prebiotic conditions. The lattice control polymerization was realized by team 1, and the
distributions of olygomers with respect to their lengths and enantiomeric composition were
specified. High yield of homochiral sequences was found in this system. We studied the distribution
of oligomers by two models of polymerization related to enantiomeric and diastereomeric
discriminations respectively. The major results were the conclusions that the phenilalanine-Ncarboxyanhydride crystal is composed of two optically pure enantiomorphic sub-lattices, while
polymerization within each sub-lattice occurs almost independently on other sub-lattice, and this
provides high yield of homochiral polymers. The studies will be extended for the polymerization of
the racemic crystals of Val NCA that assume a different packing mode. Preliminary results were
presented at the working group meeting taking place in Rome.
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Team 10
In the last ten years, the group of Roberto Purrello at the University of Catania has been studying
the interactions of chiral templates with homo- and hetero-aggregates of achiral porphyrins. After
some initial studies on the interactions of cationic porphyrins with single-, double- and triplestranded RNA1,2 this group is using as chiral templates polypeptides and, most recently, aminoacids.
In one of the first contributions, the group demonstrated that the chirality induced from (L-or D-)
poly-glutamate to cationic porphyrin assemblies can be further transferred to anionic porphyrins3.
This system is a nice example of chiral hetero-aggregates obtained by transferring chirality from a
chiral template (the anionic polypeptide) to an achiral dye (the cationic porphyrins) and, eventually,
to a third achiral component (the anionic porphyrins, which, on the other hand, cannot interact with
the anionic template). This approach has been further developed, leading to the synthesis of
porphyrin hetero-aggregates (onto poly-glutamate) able to retain the memory4-7 of the induced
chirality even after the poly-glutamate chirality is “switched off”4,5. In a more recent contribution,
in this field, the group has used aromatic aminoacids as templates6. In this paper we have reported
the first evidence that L- and D-aminoacids form in aqueous solution quite large chiral clusters
(about 1xE6 aminoacid molecules per each assembly molecule). Interestingly, to self-assemble,
each aminoacid has its own threshold concentration related to its solubility in water. Clearly,
clusters built by L- or D-aminoacids give enantiomeric forms of the aggregates. These clusters can
be regarded as non-covalent precursors of proteins and show indeed the same behavior of polyglutamate, leading achiral porphyrins to the formation of chiral assemblies. Addition of oppositelycharged porphyrins is accompanied by an induced circular dichroism (ICD) signal in the porphyrin
absorption region. Surprisingly, the “induced” chirality of porphyrin aggregates (i.e, the ICD signal)
is maintained even after the chiral template removal. This shows that the porphyrin assemblies are
now inherently chiral. This behavior did suggest to use the templated chiral porphyrin assemblies
(i.e.; in the absence of aminoacids) as chiral mold for other porphyrins. Indeed, porphyrin addition
causes the increase of the CD signal. These aggregates, then, not only memorize but also transfer
their chiral information with a 100% yield. This chiral bias occurs through a correlated sequence of
induction, memory and amplification of chirality that strongly recalls pre-biotic scenarios. In order
to gain a deeper understanding of the induction mechanism the group of Catania is actively studying
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aminoacids mixtures and the dependence of the induction of chirality on the ionization state of the
aminoacids. In addition, to further understand the relationship between the template chirality and
the handedness of the porphyrin aggregates, the group is studying the interaction of cationic or
anionic water-soluble porphyrins with Z- and B-DNA8,9.
As far as the memory phenomenon is concerned, the role of the kinetic control over the assembly
process is remarkable. In particular, the group has observed that self-aggregation of opposite
charged, achiral porphyrins does not lead to induced chirality even if a chiral template is added after
their aggregation10,11. The final aggregates are kinetically inert, mostly because stabilized by a
network of electrostatic interactions between net charges. However, if the two supramolecular
components are mixed in the presence of a chiral template, then an induced circular dichroism
signal (ICD) appears in the Soret region (the main absorption feature of porphyrins in the visible
region whose maximum and intensity are strongly affected by the aggregation state). Removal of
the template does not significantly affect the intensity of the ICD: the inert aggregates have
memorized the chiral template shape. Remarkably, these species - now inherently chiral - act as
very efficient templates for self-aggregation of additional non-chiral porphyrins6,10,12.
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Team 11
The role played the group of Prof. Brack is two fold. The results of his early studies on the role
played by b-sheets in symmetry breaking of great importance to the groups currently involved with
such synthesis. His current activity is interstellar chemistry. As part of these studies he probed the
assumption that interstellar/circumstellar asymmetric photochemistry is capable of inducing
significant enantiomeric enrichments in solid state amino acids, solid-state leucine films were
irradiated with VUV circularly polarised synchrotron radiation (CPSR). The most suitable
conditions for the enantioselective photodecomposition experiments were determined by recording
the VUV absorption and circular dichroism spectra of solid-state leucine films between 110 and 220
nm. Solid-state D,L-leucine films were then exposed to the intense and quasi-perfect r-CPSR at 6.8
eV (182 nm) emitted by the OPHELIE Undulator of the VUV SU5 beamline at the LURE, in
Orsay. After photodecomposition of 70 % of the starting material, enantioselective GC-MS analysis
showed a +2.6 % enantiomeric excess of D-leucine, i.e. an enantioselective decomposition of Lleucine, in agreement with the ( *, 1)-electronic transitions recorded by CD.
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Aliphatic Hydrocarbon Enantiomers on permethylated Cyclodextrin. Chirality 2003, 15, 13-16.

Team 12
The spontaneous mirror symmetry breaking by a process of spontaneous total asymmetric transformations has been demonstrated to take place in a variety of organo-metallic complexes that operate
as efficient catalysts in asymmetric synthesis. This includes organomagnesium reagents1 lanthanide(III)2 or aluminium(II) helicates,3 and mixed-valence copper(I/II) chiral networks.4 Repeated
crystallizations of an air-sensitive copper(I) coordination helix yielded enantiopure and homochiral
batches.5
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Team 13
The research program of the Feringa group in the context of COST D27 has a focus on chirality,
one of the key signatures of life. The key question is the original of homochirality in the essential
molecules of living organisms. Despite major theoretical and experimental progress in this field the
origin of homochirality remains one of the great unsolved current mysteries in natural sciences.
Based on the design, synthesis and mechanistic studies of model systems we try to elucidate
parameters that could be involved in and mimic possible mechanisms operating in priobiotic chiral
chemistry.
The emphasis in our program is on the following aspects: chiral amplification, model systems for
replication and catalysis, chirality transfer.
a) Chiral Amplification: The goal is the amplification of a small chiral bias at the molecular level or
to design new supramolecular mechanisms for chiral amplification. Towards this goal we focus on
anisotropic systems e.g. liquid crystals (LC) and low molecular weight organogels (LMWG).
Asymmetric synthesis with circular polarized light has long been proposed as a possible physical
origin of homochirality. Based on common anisotropy factors (g-factor) involved only a minute
chiral bias is expected making an amplification mechanism indispensable. We have shown that
photoresolution of a racemic overcrowded alkene (based on stilbene type photoisomerization) can
result in 0.03% ee. When this system was used as a racemic guest in a nematic LC matrix a
cholesteric LC phase could be generated upon irradiation with l- or r-CPL. The mechanism of
molecular to supramolecular chiral amplification based upon CPL as the only source of initial
chirality (e.g. absolute asymmetric synthesis followed by amplification) is currently investigated
with other photoactive compounds (i.e diarylethylenes) showing dynamic chirality. Another
important aspect is ‘locking‘ of the helical array of molecules for instance through subsequent
polymerization leading to chiral macromolecular systems.
The aggregation of low molecular weight organic compounds to form gels provides not only new
materials but also a fascinating mechanism for self-assembly, organisation and amplification from
the molecular to supramolecular level. Realising that the gel state is common in biosystems whereas
self-assembly and organisation of gel-like systems plays a key role in the cell e.g. membranes, DNA
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and the cytoskeleton we focus on LMWG’s and inparticular chirality aspects. Using bisamides type
LMWgelators with diarylethylenes in the core, which show dynamic chirality, we were able to
induce fiber formation and transfer of chiral information from the peripherial groups to the helical
fibers. Most intriquiing it was discovered that, although in solution no stereoselection at all
occurred, in the aggregated state nearly complete (96%) stereoselectivity was found. A second
important finding was that in this way metastable supramolecular helical fibers are accessible. Upon
a heating cooling-cycle these fibers rearrange to the thermodynamically stable chiral fibers. This
process was found to be completely reversible resulting in a four state switching cycle controlled by
light. These gels feature light induced reversible transcription and amplification of molecular and
supramolecular chirality.
The amplification mechanism is currently pursuit along two lines; i) using self-assembled LMW
organogels to achive chiral amplification using chiral physical forces; ii) using achiral LMW
gelators in combination with chiral LMWgelators to study sergeant – soldier mechanisms of
amplification in non-covalent bound systems. Recently we have found that chirality transfer can
indeed be achieved in this way and again the self-assembly in the gel-fibers is crucial for any
stereoselection mechanism to operate.1-4
b) Model systems for replication and catalysis: The goal is to design templates for chemical
replicators. Furthermore new catalytic reactions are studied that might lead to asymmetric
autocatalysis.
Based on the facile self-assembly properties of bis-urea compounds and bis-and tris- amides in
organic solvents, aqueous systems and on surfaces we design molecules which combine reversible
bond formation with self-assembly. In this way simple dynamic molecular systems are obtained that
can function as templates for their own formation. Sofar the study has focused on imine formation
in combination with self-assembly into organogels. Recently we succeeded in the formation of
organogels in water using novel aminoacid based amphiphilic LMW organogelator molecules.
The study of non-linear effects and chiral autoinduction is studied in C-C bond formation focussing
on catalytic 1,4-addition (conjugate addition) of organozinc and organomagnesium compounds.
Strong non-linear phenomena have been observed most probably pointing to involvement of the
chiral product in the catalytic complex but extensive mechanistic studies will be needed to elucidate
the effects.5
c) Chirality Transfer: The goal of this part of the program is to find new ways of chirality transfer
and study mechanisms by which chirality transfer can operate. Using a combination of achiral
functional biaryl compounds, that show dynamic interconverting chiral conformers, we have
developed a new system for the transfer of central chirality to axial chirality to supramolecular
chirality. In this system simple chiral aminoalcohols in combination with achiral biaryl-hosts
molecules form chiral complexes, that upon doping in an LC matrix, are capable to induce a twisted
nematic (cholesteric) phase. Currently this chirality transfer mechanism is extended to induce
macromolecular chirality.6
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Team 14
Once we have various routes to synthesis homochiral oligopeptides from racemates the next
question that the working group to address is whether such homochiral peptides can operate as
catalysts for asymmetric synthesis. The group of Stefano Colonna at the University of Milan, who
joined our working group recently, has experience in asymmetric catalysis under biomimetic
conditions. This group has demonstrated that homochiral polyaminoacids may exhibit enzyme-like
enantioselctivity in catalytic asymmetric epoxidation reactions with enantiomeric excesses (e.e.)>
96 %. This reaction is known as the Julia-Colonna reaction.
Recently this group investigated the mechanism of that asymmetric catalytic properties of
homochiral peptides of leucine.
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Meetings/Workshops
•

Rome May 28-30, Organised by Prof. G.Mancini in the University of Rome.

Highlights of the meeting.
The meeting was organized by Giovanna Mancini and her team at the University of Rome, and held under a
comfortable atmosphere. The presentations and the discussions were directed towards two central themes.
a) The origin of early proto-cell architectures and their interactions with pre-biotic bio-polymers.
b) The origin and survival of homochirality in general and of biopolymers of homochiral sequence pre-biotic chemistry
in particular.
The meeting was opened by a general lecture by Prof. D. Deamer from the University of California Santa Cruz. Prof.
Deamer proposed the model of the possible role that might have been played by proto-cell in pre-biotic times. In his
opening lecture he described different scenarios on the origin and evolution of the membrane structure. In particular he
discussed different ways that membranes could be self-assembled from simple amphiphiles such as fatty acids and
alcohols. Such processes are markedly affected by ionic content of the environment. His models helped us to understand
how primitive forms of cellular life appeared on the early Earth and were able to capture nutrients from the surrounding
medium and incorporate them in intercellular growth processes.
Prof. Ourisson who cancelled his participation in the last moment due to personal reasons, was supposed to present a
lecture on the synthetic models for the generation of primitive phospholipids from organic ingredients that were
presumably present at the primitive Earth. M. Lahav, who met Ourisson in Strasbourg shortly before the meeting,
mentioned in the discussion period the results of his recent researches.
Giovanna Mancini from the University of Rome made the second presentation. She reported on nuclear magnetic
resonance studies on the chiral recognition processes of of micelles interacting enantioselectively with chiral dipeptides.
Dr. I. Weissbuch and the Ph.D student I.Rubinstein from the Weizmann Institute described the synthesis of homochiral
oligopeptides of homochiral sequence generated from non-racemic mixtures of low enantiomeric imbalance of
thioesters of amphiphilic amino acids at the air water interface and within a membraneous-like environment. Grazing
angle X-ray diffraction was applied for the characterization of the 2D crystallites at the interface and Maldi-Tof mass
spectrometry was applied for the ananlysis of the libraries of the oligopetides. .
Dr. M.C.Feiters and his Ph.D Student Mark Damen from the University of Nimjen described interaction, complexation
and organogelation experiments between DNA molecules and amphiphilic lysine derivatives. Such studies provide an
interesting link between the peptide and nucleic acid systems.
Stano Pasquale a Ph.D student from the university of Rome described the formation and amplification of vesicles as a
model for the role played by the proto-cells in prebiotic times.
R. Pascal from the University of Montpellier described the potential of prebiotic abilities of aminoacid Ncarboxyanhydrides as energy carriers and as intermediates as archaic coded peptide synthesis.
The second central theme of the meeting dealt with various models for symmetry breaking in general and of the
generation of homochiral biopolymers of homochiral sequence starting from racemic mixtures of activated monomer
systems.
Different possible scenarios were presented.
Dr. Marco Crizma from the University of Padua presented recent studies on a search for a link between the metheoric
C-alpha –methylated alfa amino acids found in optically active form with the biopolymers of life. He reported on his
recent results on chirality transfer from the chiral non-natural amino acids that were found in a meteorite to chiral
peptides of natural amino acids.
Prof. J. Ribo and Dr. Joaquim Crusats from Barcelona described elegant polarization experiments that induced
symmetry breaking of porphyrins clusters formed spontaneously in aqueous solutions. The architectures formed under
these conditions were analyzed by applying circular dichroism and scanning probe microscopic methodologies.
Their studies were followed by a presentation by Prof. R. Purrello and Dr. R. Lauceri from the University in Catania
described experiments of asymmetric induction by chiral amino acids on the generation of homochiral clusters of the
porphyrins in aqueous solution. In particular they reported the presence of chiral memory effects in the formation of the
corresponding aggregates.
Meir Lahav from the Weizmann Institute presented experiments on the spontaneous symmetry breaking in the system
glycine/amino acids by applying crystallization experiments and the generation of homochiral oligopeptides by lattice
controlled reactions in racemic and quasi-racemic crystals of N-carboxy anhydrides.
Dr. Vladek Avetisov presented a mathematical model on the experimental system of the polymerization experiments
described by M. Lahav.

COST Chemistry D27

40

Prof. Luisi raised the point in his lecture and also in the following discussion the fact that the number of proteins present
on Earth is quite limited as compare to the possible number of theoretical proteins that can be formed.
“Early phospholipids and biopolymers in the prebiotic world.”
Prof.Luigi acted as discussion leader.
In this session possible role that might have been played by early phospholipids and their interaction with pre-biotic
biopolymers was polymers were discussed. It is currently accepted that the ability of primitive membranes to selfassemble and self-replicate is of a topical importance in the pre-biotic world. The feasibility to generate as well to
amplify such supramolecular architectures has been demonstrated experimentally. In the discussions some of the
participants had raised the additional need to exploit the polymerization chemistry within the confined environment of
membranes, vesicles, since such reactivity might be expected to be different from reactivity in an ideal environment,
thus leading to products with higher degree of stereospecificity. Prof.Luisi raised the question that if we wish to
understand the origin of the primitive life we must understand the etiology of macromolecular sequences of these
proteins found on Earth. On the scientific and experimental side we have to provide answers whether these proteins of
ours have something special from the thermodynamic point of view-or other- that make them the chosen one; or
whether they are instead the products of contingency. If it is so, as it appears most probable, then the enterprise of
reproducing in laboratory the conditions for making such proteins are rather slim. This consideration brings to
interesting point on how to approach the question of the problem of understanding how life came about on Earth. The
application of combinatorial methodologies and polymerization experiments in organized systems might assist us in
providing answers to this complex problem. In such experiments one has to perform reactions with complex mixtures of
activated monomeric units to generate large libraries of complex peptides and to probe the abilities of these peptides to
self-replicate or to serve as enzymes for efficient catalytic reactions. Reactivity of such systems in the confined
environment of the proto-cells might shed light to such processes.
“Symmetry breaking in Nature”
Prof. J. Ribo served as a discussion leader. The various possible scenarios for symmetry breaking were presented and
discussed.
The first model deals with a possible scenario that ex-terrestrial organic material that had reach Earth was chiral, and its
chirality has been transferred and propagated to the bio-molecules of life. The observations that the amino acids
extracted from meteorites are chiral support this scenario, however, there is a caveat regarding this model that has to be
taken seriously into account. Unless the origin of the chiral amino acids in the universe is understood one cannot
exclude artifacts in the formation of these chiral amino acids. One proposition for their formation is the presence of
circular polarized light that reaches Earth from newly formed Nebulas. However, irradiation of the amino acids with
circularly polarized light alone is not sufficient to explain the enantiomeric excess of the found amino acids. Therefore,
unless chiral amino acids are found in other ex-terrestrial sources this possible scenario has to be taken with caution.
The stochastic model for the generation of chirality is gaining high experimental support. Several systems of
spontaneous symmetry breaking processes couples with efficient processes of amplification of chirality had been
reported recently, including processes of non-linear effects in asymmetric catalysis, and in systems undergoing
crystallization. Experiments had been reported recently where racemic mixtures of very low enantiomeric excess had
been converted into optically pure products of almost of a single handedness.
Such scenarios had been demonstrated experimentally by the Weizmann group to operate successfully for the
generation of monocomponent and multicomponent oligopeptides of homochiral sequence. As pointed in the
presentation of Luisi one of the central question in origin of life is the formation of biopolymers of a specific sequence
in general and of a single handedness.
A common feature to all these processes is the self-assembly of chiral molecules into 2D or 3D crystalline arrays as
unambiguously demonstrated in different systems such as in J aggregates of porphyrins and in the crystallites of
amphiphilic amino acids. Once diastereoisomeric dimeric or longer oligopeptides are formed they self-assemble in
different conformations such as a-helix or b-pleated sheets and thus exert additional efficient asymmetric induction in
the formation of much longer oligomeric chains. The operation of such effects had been demonstrated by studies on the
polymerization of N-carboxy anhydrides in aqueous solutions by Luisi and most recently by the Weizmann group in the
polymerization of N-carboxy anhydrides of amino acids in the melt.
The role of external physical forces that might had played role in breaking of chirality should be also seriously
considered, and it has been proposed that additional systems that described by the Barcelona and the Catania”s groups
has to be discovered.
During the discussion it has been pointed out that there are many processes of spontaneous symmetry breaking.
However, of central importance is in discovering processes that couple processes of symmetry breaking coupled with
efficient processes of amplification that will preserve the survival and the propagation of this chirality to the rest of the
system.
While it has been demonstrated, that homochiral amino acids and homochiral oligo-peptides can be generated under
conditions that can be regarded as pre-biotic it remains still an open question as to whether this chiral information can
be transferred from the peptide word to the poly-nucleic word. Studies along these directions has to be considered in
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future investigations if one would like to support further the hypothesis that the lipid and polypeptide word preceded the
RNA word.
Conclusions
It was an interesting interdisciplinary workshop that brought scientists from different disciplines under the same roof. It
has been decided to strength the interactions not only between members of our working group but also with members of
the other working groups, in particular with those interested in the field of the proto-cells and those interested in the
field of the nucleic acids, in order to find a link between the peptide world and the world of the poly-nucleotides.
The presentations of the young scientists were quite important since it provided them with an opportunity to present
their work before an interdisciplinary forum. However, it will be useful that in future meetings the COST program will
increase the support for the participation of a large number of the young scientists that will like to participate at such
meetings.
The next meeting is planned to take place in Barcelona in spring of 2006, provided the COST program will approve the
budget.
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Scientific Structure

Our multi-disciplinary WG is focused on the key role played by RNA in prebiotic and early biotic
evolution.
Predisposed routes to RNA and its components are studied. The oligomerisation of these materials
is investigated using natural and novel base-pairing systems. The possibility that oligomerisation of
aminoacylated RNA precursors might proceed with accompanying synthesis of peptides are under
evaluation. The reactivity of RNA to a variety of prebiotically relevant small molecules are used to
guide our synthetic efforts. The key ability of RNA to function catalytically are investigated and
powerful SELEX methodology will enable recruitment of a range of small molecule and
macromolecule ‘co-factors’. The tantalising possibility that molecular recognition of amino acids by
RNA might have led to an early genetic code will be pursued and some consequent results are
obtained. A variety of mineral types are screened for heterogeneous catalysis of RNA synthesis and
as environments that afford protection against hydrolysis and other degradation of RNA.
Despite this focus, our intention is to study RNA not in an isolation but rather in the context of the
likely co-emergence of RNA, peptides and lipids in the origin of life. Our approach is to bring
together experts in organic chemistry (Décout – Grenoble, Göbel, Frankfurt, Saladino – Rome,
Sutherland – Manchester, Strazewski – Lyon) and molecular biology (Maurel – Paris, Gallori –
Florence) in a team in which communication and collaboration should lead to mutually beneficial
synergy in our research and in the training of our co-workers and students. Recently, Dr. Sabine
Müller (from Ruhr-Universität in Bochum) working on ribozymes is joining our WG.

Scientific Results
Team 1
The interest of team 1 is focused inside the RNA world with these remainings questions: What
could we learn about the beginnings of life sudying RNA behavior under extreme conditions?
Could RNA have been capable of resisting under primitive conditions such as extreme temperature
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or pH or high pressure? We have studied the fate of small RNA (tRNA) in the temperature range
from 80 to 90°C, in aqueous solution or dry, in absence and in presence of salt. In aqueous solution,
high salt concentration plays a protective role against thermodegradation and in preservation of
function as shown by RNA charge experiments. Following these first results (published in
Extremophiles 2002) we have selected in vitro halo-thermophilic RNA in order to study
macromolecular behaviors in such extreme conditions (MS in preparation).
Another line of investigations is devoted to the selection of RNA aptamers for adenine (Meli et al,
2002). We discovered new hairpin-ribozymes (ADHR1 and ADHR2) strictly dependant on
exogenous adenine (Meli et al, 2003). The hairpin ribozyme is a small catalytic RNA isolated from
the minus strand of the tobacco ringspot virus satellite RNA, (-)sTRSV. It acts as an endonuclease
that catalyzes a reversible sequence-specific cleavage reaction within a substrate RNA.
In order to better understand the structural and functional aspects of the hairpin ribozyme catalysis
we perform kinetic studies of the hairpin ribozyme under high hydrostatic pressure. We shown, for
the first time, that the activation volume of the reaction calculated from these experiments reflects
an important compaction of the RNA molecule during catalysis, associated to a water release
(Tobé et al, 2005).
Beyond the four canonic nucleosides, one hundred are well-known today, some of them could
have played a major part in the RNA world. In our search for such primitive building blocks, we
noticed that N6-ribosyl-adenine, a compound easily synthesized under prebiotic conditions has a
free imidazole, and is therefore a potential analog of a classical amino acid, namely histidine. We
synthesized this compound and showed that it was indeed as active as histidine in the hydrolysis of
paranitrophenyl acetate, a model substrate often used in studying enzymes catalyzing esterase-type
reactions. Furthermore, numerous studies have shown that compounds like N6 or N3-ribosyl-purine
could have been essential links between the protein and the RNA worlds. In cooperation with
Raffaele Saladino group, who chemically synthesized large amount of N6-ribosyl-adenine, we
obtained in vitro selected RNA ribozymes dependent on this nucleoside. The characterization of
ribozymes are in process.

Team 2
In Manchester, synthetic and analytical chemistry has been used to investigate a linked scheme for
the prebiotic synthesis of RNA and genetically coded peptides. The general idea and early
experimental results have been published in a series of papers and the work has now reached a stage
where the collaborations planned within this working group can commence and run for the second
half of the D27 lifetime. Our overall scheme involves: (1) the formation of activated nucleotides
from sugar phosphates; (2) the oligomerisation of these activated derivatives to dimers and trimers;
(3) the aminoacylation of RNA trimers; and (4) the templated ligation of aminoacyl-RNA trimers
with concomitant aminoacyl-transfer. We now have experimental support for (1) and (3) and are
starting work on (2) (in conjunction with Lyon) and (4) (in conjunction with Frankfurt) within this
WG.
Team 3
In Grenoble and in collaboration with the group in Paris, reactions between nucleic bases (adenine,
cytosine) and aldehydes and -ketoaldehydes were studied for obtaining new building blocks
usefull for the synthesis of RNA analogues. Reactions with pyruvic aldehyde led to new compounds
possessing a six members ring carrying an amino acid like function and hydroxyl groups. Attempts
for polymerizing the adenine derivatives were unsuccessful. However, the adenine derivatives
obtained showed interesting catalytic activities in the hydrolysis of para-nitrophenylacetate.
We are also working on early effectors in the RNA world and aminoglycosides that have been
proposed as early effectors able to recognize specifically different RNA sequences.
In collaboration with the groups in Franckfurt and in Paris, a simple fragment of the natural
antibiotic aminoglycoside neomycin (neamine core) is modified for obtaining molecules able to
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specifically bind to different RNA bulges (ribosomal RNA, viral RNA).

Team 4
The Frankfurt group has studied the template controlled oligomerization of activated ribonucleotide
5' phosphates. The analysis of such reactions relies on the electrophoretic separation and
fluorimetric quantification of extended primers. This technique allows to determine precise
extension kinetics but does not tell what has been incorporated. To quantify the ratio of nucleotides
attached to the primer, a new method has been developed that involves partial RNA hydrolysis,
dephosphorylation, and HPLC quantification of the remaining nucleosides.
A consequence of the non-reversible coupling chemistry typical for Orgel-type monomers
combined with the low intrinsic selectivity of simple template controlled processes is the
accumulation of erroneous reaction products. These may efficiently block further chain extension.
The success of biological self-organisation is largely due to the reversibility of single association
events. The Frankfurt group, therefore, is presently interested in alternative oligonucleotide
structures undergoing chain forming and chain breaking steps reversibly.
In cooperation with the Grenoble group, Frankfurt has studied the binding affinities of some novel
RNA ligands inhibiting a retroviral molecular switch at nanomolar concentrations (publication
submitted).
Team 5
The Florence group has been involved in the study of the biogenic properties of different RNA
molecules adsorbed on clay minerals, in order to experimentally assess the possibility of
development of the RNA World on a mineral substratum. Such an environment could have played a
key role in the evolution of primordial genetic
Amphiphilic 3’-Peptidyl-RNA
material towards increasingly complex molecular
UpUpCpUpCpGpGpGpG -5'-OH
organization.
p
• • • •
• •
CpGpGpApGpCpUpCpCpApCpCpA -3'-NH-CO-Ala21 -NH3+
To this aim, we investigated i) the protection
capabilities of the clay minerals montmorillonite
and kaolinite against RNase-A degradation of
adsorbed RNA molecules; ii) the ability of clayadsorbed RNA molecules to interact with
complementary molecules to form double helices;
iii) the ability of clay-adsorbed RNA molecules
with known sequences (16S rRNA from
Escherichia coli) to transmit the genetic
information contained in their sequences; and iv)
the ability of the hammerhead ribozyme of the
Avocado Sun-Bloch Viroid (ASBVd) to perform
the self-cleavage reaction in the presence of
montmorillonite.
The results obtained suggest that clay-rich
environments would have been a good habitat in
which RNA or an RNA-like molecule could
originate, persist and acquire their first complex
functions, triggering the molecular evolution that
led to the primordial living cells.
º

Team 6
We focused our attention to design novel prebiotic
syntheses of nucleic acid components starting
from formamide as a prebiotic precursor.
COST Chemistry D27

º

RNA 22mer hairpin (hydrophilic, 4.2-4.9 nm long)
amide-linked to (lipophilic) oligoalanine peptide capable of adopting an α-helical (~3 nm) or β-stranded
(6.7-7.2 nm) conformation. Conjugate length: 7-8 nm
(A RNA hairpin + α helix) and 10-12 nm (A RNA
hairpin + β strand).
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Formamide is an ubiquitary molecule in the Universe easily formed by hydrolysis of HCN. In this
context we analyzed the thermal condensation of formamide to purine and pyrimidine nucleobases
in the presence of different minerals and oxides able to act as catalysts or as local
microenvironments for the concentration of reagents and stabilization of products. For example,
when formamide was heated in the presence of clays (momtmorillonites), the efficient one-pot
synthesis of purine, adenine, cytosine and uracil was obtained. The role of montmorillonites was not
limited to the improvement of the yield but it was also relevant in providing a high selectivity in the
products distribution. Cytosine was not previously obtained from HCN. This almost complete
catalogue of nucleic acid precursors was accompanied by N(9)-formylpurine, which containing a
masked glycosidic bond in its formyl moiety, is a plausible precursor of purine acyclonucleosides
by a formose-like process. In a similar way, the unprecedented one-pot synthesis of a large panel of
pyrimidine nucleobases (again including cytosine and uracil) and purines was obtained heating
formamide in the presence of cosmic-dust analogues of terrestrial olivines. Recently, in
collaboration with Marie-Christine Maurel, we designed a novel prebiotic synthesis of N(6)rybosyladenine as an interesting primordial isomer of adenosine and we are evaluating its biological
properties. Since the major problems in the origin of informational macromolecules are their
stability under prebiotic conditions, we also investigated the stabilizing effect of montmorillonites
and cosmic dust analogues of oligonucleotides in formamide.

Team 7
The Lyon group joined this WG the 16th December 2004. Team 7 is involved in the synthesis of
stable, synthetic peptidyl-RNA. Such pounds are well suited for the in vitro selection of the RNA
part and/or the peptide part using the SELEX technique. The highly amphiphilic conjugate molecules form nanovesicles[1-4] and SBs (Supported Bilayers),[4] i.e. unconstrained membrane mimics,
being highly useful for novel nanomaterial applications, but also highly probable early biotic
compounds. Their supramolecular assembly can be observed by AFM and dynamic light scattering.
They are also suitable for insertion into liposomes, as well as for interaction studies with clay
minerals (or both).
Team 7 is prepared for all synthetic aspects of the peptidyl-RNA part of this project. Fruitful
collaborations with groups having the expertise in the supramolecular analysis (AFM, dynamic light
scattering), liposome and/or clay mineral handling, and in vitro selection are needed. COST offers
valuable cooperations with laboratories of complementary expertise, thus promoting the project by
an exchange of chemical compounds, knowledge and personnel. The ultimate goal is to gain a
maximum of experimental insight into the molecular evolution of RNA-controlled protein
synthesis, hence, in the evolution of the modern ribosomal translation machinery.

Joint Publications (with at least two teams of the WG involved)
•

E. Riguet, J. Désiré, O. Boden, V. Ludwig, M. Göbel, C. Bailly, J.-L. Décout. Neamine
dimers targeting the HIV-1 TAR RNA. Bioorg. Med. Chem. Lett. 2005, in press.

Other Publications relevant to D27/0005/02 topics
Team 1
• S. Tobé, T. Heams, J. Vergne, G. Hervé, M.-C. Maurel. The catalytic mechanism of
hairpin ribozyme studied by hydrostatic pressure. Nucl. Acids Res. 2005, 33, 8, 2557-2564.
• Y. Li, S. Tobé, A. Chabauty, M.-C. Maurel. Modern and Ancient RNA world. In: Plant
Genome: Biodiversity and Evolution (ed. Raju Primlani), Vol. 2B, Lower Groups, in press.
COST Chemistry D27

47

•
•
•
•
•
•
•

•
•

A. Kun, M.-C. Maurel, M. Santos, E. Szathmary. Fitness landscapes, error thresholds, and
cofactors in aptamer evolution. In: Aptamers and synthetic catalytically active
oligonucleotides. Identifications and Applications (ed. S. Klussmann), Wiley-VCH, in press.
M.-C. Maurel, A.-L. Haenni. The RNA world: Hypothesis, facts and experimental results.
In: Lectures in Astrobiology I, Ed. Springer 2005, pp 557-581.
C. ElAmri, M.-C. Maurel, G. Sagon, M.-H. Baron. The micro-distribution of carbonaceous
matter in the Murchison meteorite as investigated by Raman imaging. Spectrochim. Acta
2005, 61, 2049-2056.
C. ElAmri, M.-H. Baron, M.-C. Maurel. Adenine adsorption onto and release from meteorite
specimens assessed by Surface Enhanced Raman Spectroscopy. J. Raman Spectroscopy
2004, 35, 170-177.
M. Meli, M.-C. Maurel. The dual life of RNA. In: Bioastronomy 2002: Life Among the
Stars (eds Ray P. Norris & Frank H. Stootman), Astronomical Society of the Pacific, San
Francisco 2004, pp 315-320. ISBN 1583811710
M.-C. Maurel, J.-L. Counil. Preliminary program for Mars samples analysis. In:
Bioastronomy 2002: Life Among the Stars (eds Ray P. Norris & Frank H. Stootman),
Astronomical Society of the Pacific, San Francisco 2004, pp. 209-212. ISBN 1583811710.
A. Cornée, J. Vergne, F. Guyot, B. Goffe, J.-M. Rouchy, M.-C. Maurel. Biological
macromolecules (RNA) protection by NaCl crystals. Experimental approach. Microbialites
and microbial communities in sedimentary systems. p. 31. Paris. Eds : G. Camoin & P.
Gautret, Publication ASF, Paris, n° 46, 123p. (2004)
M. Meli, J. Vergne, M.-C. Maurel. In vitro selection of adenine-dependent hairpin
ribozymes. J. Biol. Chem. 2003, 278, 9835-9842.
C. ElAmri, M.-H. Baron, M.-C. Maurel. Adenine in mineral samples : development of a
methodology based on Surface Enhanced Raman Spectroscopy (SERS) for picomole
detections. Spectrochim. Acta A 2003, 59, 2645-2654.

Team 2
• A.-A. Ingar, R.W.A. Luke, B.R. Hayter, J.D. Sutherland. Synthesis of Cytidine
Ribonucleotides by Stepwise Assembly of the Heterocycle on a Sugar Phosphate.
ChemBioChem 2003, 6, 504-507.
• V. Borsenberger, M.A. Crowe, J. Lehbauer, J. Raftery, M. Helliwell, K. Bhutia, T. Cox, J.D.
Sutherland. Exploratory Studies to Investigate a Linked Prebiotic Origin of RNA and Coded
Peptides. Chem. Biodiv. 2004, 1, 203-246.
• J.M. Smith, V. Borsenberger, J. Raftery, J.D. Sutherland. Exploratory Studies to Investigate
a Linked Prebiotic Origin of RNA and Coded Peptides. 2nd Communication: Derivation and
Reactivity of Xylose Phosphates. Chem. Biodiv. 2004, 1, 1418-1451.
• K. Ace, J.D. Sutherland. Exploratory Studies to Investigate a Linked Prebiotic Origin of
RNA and Coded Peptides. 3rd Communication: Behaviour of 5-Amino-1H-imidazole-4carbonitrile Derivatives. Chem. Biodiv. 2004, 1, 1678-1693.
• N. Saewan, M. A. Crowe, M. Helliwell, J. Raftery, K. Chantrapromma, J.D. Sutherland.
Exploratory Studies to Investigate a Linked Prebiotic Origin of RNA and Coded Peptides.
4th Communication: Further Observations Concerning Pyrimidine Nucleoside Synthesis by
Stepwise Nucleobase Assembly. Chem. Biodiv. 2005, 2, 66-83.
• J.M. Smith, J.D. Sutherland. Aldolisation of Bis(glycolaldehyde) Phosphate and
Formaldehyde. ChemBioChem 2005, in press.
Team 3
• B. Roy, S. Chambert, M. Lepoivre, A.-M. Aubertin, J. Balzarini, J.-L. Décout.
Deoxyribonucleoside 2’- or 3’-mixed disulfides: prodrugs to target ribonucleotide reductase
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and/or to inhibit HIV reverse transcrition. J. Med. Chem. 2003, 46, 2565-2568.
B. Roy, S. Chambert, M. Lepoivre, J.-L. Décout. Thionucleotides as inhibitors of
ribonucleotide reductase. Nucleosides Nucleotides Nucl. Acids 2003, 22, 883-885.
S. Cosnier, C. Gondran, C. Dueymes, P. Simon, M. Fontecave, J.-L. Décout. New flavin and
deazaflavin oligonucleotide conjugates for the amperometric detection of DNA
hybridization. Chem. Commun. 2004, 1624-1625.
E. Riguet, J. Désiré, C. Bailly, J.-L. Décout. A route for preparing new neamine derivatives
targeting HIV-1 TAR RNA. Tetrahedron 2004, 60, 8053-8064.
E. Riguet, S. Tripathi, B. Chaubey, J. Désiré, V. N. Pandey, J.-L. Décout. A peptide nucleic
acid-neamine conjugate that targets and cleaves HIV-1 TAR RNA inhibits viral replication.
J. Med. Chem. 2004, 47, 4806-4809.
J.-L. Décout, S. F. Wnuk. Sugar-Modified Thionucleosides: Chemistry and Inhibition of
Ribonucleotide Reductases and S-Adenosyl-L-Homocysteine Hydrolases. In: Frontiers in
Nucleosides and Nucleic Acids (eds R.F. Schinazi and D. C. Liotta),IHL Press Tucker USA
2004, pp 235-266.
P. Simon, C. Dueymes, M. Fontecave, J.-L. Décout. DNA detection through signal
amplification using NADH:Flavin oxidoreductase and oligonucleotide-flavin conjugates as
cofactors. Angew. Chem. Int. Ed. 2005, 44, 2-5.

Team 4
• U. Scheffer, A. Strick, V. Ludwig, S. Peter, F. Kalden, M.W. Göbel. Metal-Free Catalysts
for the Hydrolysis of RNA Derived from Guanidines, 2-Aminopyridines, and
2-Aminobenzimidazoles. J. Am. Chem. Soc. 2005, 127, 2211.
• U. Scheffer, M.W. Göbel. Fluorescence Based Online Detection as an Analytical Tool. In:
RNA Electrophoresis, in DNA Synthesis: Methods and Protocols (ed. P. Herdewijn, series
Methods in Molecular Biology), Humana, Totowa, NJ.
• M. Hey, M.W. Göbel. Nonenzymatic Template Directed RNA Synthesis. In: DNA
Synthesis: Methods and Protocols (ed. P. Herdewijn, series Methods in Molecular Biology),
Humana, Totowa, NJ.
• M. Hey, C. Hartel, M.W. Göbel. Nonenzymatic Oligomerization of Ribonucleotides:
Towards in vitro Selection Experiments. Helv. Chim. Acta 2003, 86, 844-854.
Team 5
• E. Gallori, M. Franchi. In: Solids and Molecules in Space (eds S. Aiello, B. Barsella, C.
Cecchi-Pestellini), Vol. 7, S.I.F., Bologna, 2002, pp 225-232.
• C. Vastano, M. Franchi, E. Gallori. Looking for the primitive honeycomb of genetic
material. Orig. Life Evol. Biosph. 2002, 32, 456.
• M. Franchi, E. Gallori. Enzymatic activity of RNA adsorbed on clay minerals. Orig. Life
Evol. Biosph. 2002, 32, 457.
• M. Franchi, J.P. Ferris, E. Gallori. Cations as mediators of the adsorption of nucleic acids on
clay surfaces in prebiotic environments. Orig. Life Evol. Biosph. 2003, 33, 1-16.
• M. Franchi, E. Gallori. Origin, persistence and biological activity of genetic material in
prebiotic habitats. Orig. Life Evol. Biosph. 2004, 34, 133-141.
• F. Scappini, F. Casadei, R. Zamboni, M. Franchi, E. Gallori, S. Monti. Protective effect of
clay minerals on adsorbed nucleic acid against UV radiation: possible role in the origin of
life. Int. J. Astrobiol. 2004, 3, 17-19.
• Ciaravella, F. Scappini, M. Franchi, C. Cecchi-Pestellini, M. Barbera, R. Candia, E. Gallori,
G. Micela. Role of clays in protecting adsorbed DNA against X-ray radiation. Int. J.
Astrobiol. 2004, 3, 31-35.
• E. Gallori, E. Biondi, M. Franchi. Mineral surfaces as a cradle of primordial genetic
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material. In: Life in the Universe (eds J. Seckbach et al.), Kluwer Academic Publishers, The
Netherlands, 2004, pp 145-148.
M. Franchi, E. Gallori. A surface-mediated origin of the RNA world: biogenic activities of
clay-adsorbed RNA molecules. Gene 2005, 346, 205-214.

Team 6
• R. Saladino, C. Crestini, G. Costanzo, E. DiMauro. Advances in the Prebiotic Synthesis of
Nucleic Acid Bases: Implications for the Origin of Life. Curr. Org. Chem. 2004, 8, 14251443.
• R. Saladino, C. Crestini, U. Ciambecchini, F. Ciciriello, G. Costanzo, E. DiMauro.
Synthesis and Degradation of Nucleobases and Nucleic Acids by Formamide in the Presence
of Montmorillonites. ChemBioChem 2004, 5, 1-9.
• R. Saladino, C. Crestini, F. Ciciriello, G. Costanzo, R. Negri, E. Di Mauro. A novel
synthesis of biomolecular precursors. Astrophys. Space Sci. Libr. 2004, 305 (Astrobiology),
393-413.
• R. Saladino, C. Crestini, V. Neri, John R. Brucato, L. Colangeli, F. Ciciriello, G. Costanzo,
E. DiMauro. Synthesis and Degradation of Nucleic Acid Components by Formamide and
Cosmic Dust Analogues. ChemBioChem 2005, 6, 1-7.
• R. Saladino, C. Crestini, G. Costanzo, E. Di Mauro. On the prebiotic synthesis of
Nucleobases, Nucleotides, Oligonucleotides, pre-RNA and pre-DNA molecules. In: Topics
in Current Chemistry, Prebiotic Chemistry (ed. Peter Walde), Springer, Heidelberg, 2005, in
press.
Team 7
• S. Terenzi, E. Biala, N.Q. Nguyen-Trung, P. Strazewski. Amphiphilic 3’-Peptidyl-RNA
Conjugates. Angew. Chem. 2003, 42, 3015-3018; Angew. Chem. Int. Ed. 2003, 42, 29092912.
• N.Q. Nguyen Trung, S. Terenzi, G. Scherer, P. Strazewski. High yield immobilisation of a
puromycin analogue for the solid support synthesis of aminoacyl-tRNA fragments. Org.
Letters 2003, 5, 2603-2606.
• N.Q. Nguyen Trung, O. Botta, S. Terenzi, P. Strazewski. A practical route to 3’-amino-3’deoxyadenosine derivatives and puromycin analogs. J. Org. Chem. 2003, 68, 2038-2041.
• A.N. Lazar, A.W. Coleman, S. Terenzi, P. Strazewski. Observation of the Formation of
Supported Bilayers by Amphiphilic Peptidyl-RNA. 2005, submitted.

Meetings/Workshops
•
•
•

22.11.02 COST Meeting WG5, IJM Paris, France. Kick-off meeting . Presentation of teams
works.
6-7.11.03 COST Meeting WG5, IJM Paris, France. Intermediary meeting with students and
first collaboration perspectives.
27.05.05 COST Meeting WG5 “Inside the RNA World”, IJM Paris, France :

The central aim of this 2005 meeting was to bring WG researchers together with international experts to
exchange results, give talk and lectures on the RNA world thesis and in particular what do we know from
Inside the RNA world.
More than 80 participants attended the meeting from several towns and countries. The advertising provided
by Institut Jacques Monod was very well done. We started at 9:00 with a film realized by Ada Yonath on the
ribosome functions. Then the program went ahead as indicated and ended at 18:00. We have had several
bright discussions and some collaborations appeared clearly necessary between some participants. Finally the
meeting was open to students who were enthusiastic at the end of the day.
The lunch was offered by Institut Jacques Monod and a social event was organized by the organisers (Anne
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Lise Haenni and Marie-Christine Maurel) in the evening. Participants: Ada Yonath, Weizman Institute,
Rehovot: Film on Ribosome – The spectacular architecture of the ribosome - Ernesto di Mauro, University
La Sapienza, Roma: Differential stability of the 3’- and 5’-phosphoester bonds in monomers and oligomers.
Implications for the origin of informational DNA and RNA polymers. - Michael Göbel, Univ. Frankfurt:
Non-enzymatic oligomerization of ribonucleotides: prospects and limitations. - Enzo Gallori, Univ. Firenze:
Towards a clay-mediated origin of the RNA world. - Sabine Müller, Univ. Bochum: Functional RNA-design:
twin ribozymes for site-directed modification of RNA and redox-active riboswitches. - Jean-Luc Décout,
Univ. Grenoble: Modified aminoglycosides to target RNA. - Pierre Strazewski, Univ. Claude-Bernard,
Lyon : Atomic force images of highly amphiphilicpeptidyl-RNA. - Brice Felden, Univ. Rennes, France: The
identification of new bacterial RNAs and the « mechanistic » of trans-translation.

Short-Term Scientific Missions financed by COST
Time
19.02.2005 23.02.2005
31-05-04
27-06-04

Visiting scientist (team)

Host (team)

P. Strazewski (7)

Pier Luigi Luisi
(0007/03_1)

Marco Franchi (5)

Marie-Christine Maurel
(1)

Purpose
a) Insertion of amphiphilic
peptidyl-RNA into liposomes.
b) Synthesis of never born
peptide libraries.
Study of the catalytic activity
of an adenine-dependent selfcleaving ribozyme adsorbed
on clay mineral
montmorillonite

Exchanges financed from other sources
5.10.2004 – 6.10.2004 Visit of Jean-Luc Décout and Jérome Désiré in Frankfurt.
Purpose: Lecture and discussion on RNA ligand assays (see resulting manuscript)
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WORKING GROUP D27/0006/03
“Preparation and Properties of Functionalized Vesicles as Protocell Models”
Participation
Team

1

2

3

4
5
6
7
8

Institution & Country

Team members
Vesna NOETHIG-LASLO
Boris RAKVIN
Nada FILIPOVI -VINCEKOVI
Vlasta TOMAŠI
Rudjer Boškovi Institute, Zagreb, Croatia
Maja SIKIRI
Branka DEJANOVI
Krunoslav MIROSAVLJEVI
Marko VINCEKOVI
Jelka TOMASIC
Institute of Immunology, Zagreb, Croatia
NN
Marjeta SENTJURC
Slavko PE AR
Jožef Stefan” Institute, Ljubljana,
Pavel CEVC
Slovenia
Denis AR ON
Janez ŠTRANCAR
Zrinka ABRAMOVI
Rebecca POGNI
University of Siena, Italy
NN
National Center for Scientific Research
Constantinos M. PALEOS
“Demokritos”, Greece
NN
Sasa SVETINA
University of Ljubljana, Slovenia
NN
Swiss Federal Institute of Technology,
Peter WALDE
Zürich, Switzerland
Helmut ZEPIK
Howell EDWARDS
University of Bradford, United Kingdom
NN

Scientific Structure

Team No.
Number of joint papers
STSM
Themes/tasks
8

7

6
3 1 2

4
5
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Scientific Results
•

•
•
•

•
•

•
•

Water penetration depth into the phospholipid vesicles (polarity profile) by pulsed EPR,
ESEEM technique, was developed in collaboration Team 1 with Team 31,2. It was applied to
the investigation of the role of cholesterol on the domain formation of the phospholipid
vesicles3.
In collaboration of Team 1 and Team 2 interactions of phospholipid vesicles with peptides
(peptidoglycan monomer, adamantyl peptides and ovalbumin) were studied by ESR, spin
labeling method4,5,6.
Copper(II) complexes with amino acids are studied Team 1 with Team 47,8. Interactions with
vesicles of different composition are planned to be studied in the near future.
Stimulated by the work of the Team 7 of Prof.Peter Walde investigation of the vesicles
composed of decanoic acid was started. Prof. Slavko Pe ar from Team 3 synthesized three
spin labeled decanoic acids and first results on the micelles to vesicles transformations were
presented on the first WG meeting in Zagreb by Team 1 and Team 39. The plan for the
collaboration with Team 8 on introduction of Raman spectroscopy to this problem was
discussed during the 1. WG meeting in Zagreb.
The collaboration between Team 1 and Team 5 was started, resulting in the study on giant
vesicles formed of the dodecylammonium chloride/carrageenan gels using small and wide
angle X-ray diffraction (SAXD and WAXD) during the Short-Term Scientific Mission.
In the view of the theoretical work Prof. S. Svetina (Team 6) in 2005 initiated the
cooperation with the group of Dr. P. Walde (Team 7), the research project on the growth of
phospholipid vesicles in the environment of fatty acid small vesicles. The work is in
progress.
The team in Zurich investigated in detail the formation of vesicles from decanoic acid and
decanoate in order to establish a solid basis for further collaborative studies within the
working group (particularly with teams 1, 3 and 8).
The work of team 3has focused on the investigation of the influence of the vesicle
composition and environmental conditions (pH, ionic strength, osmotic pressure,
temperature, etc) on the domain structure, permeability characteristics and polarity profile of
the vesicle membrane. For this purpose conventional electron paramagnetic resonance (CWEPR) and pulsed EPR, with spin probes with nitroxide group at different positions on the
alkyl chain were used.
Water penetration into the vesicle bilayers (polarity profile). Pulsed EPR (ESEEM
technique) was found more convenient for the measurement of water penetration depth into
the bilayer as CW-EPR (ref. 1). The measurements were performed on multilamellar
vesicles prepared in deuterated PBS with different ionic strength (0.1 M and 0.01 M)
composed of egg phosphatidylcholine and dycethylphosphate (12:1 mol%) in presence or
absence of cholesterol or octanol. We have found that cholesterol and to less extend also
octanol facilitate the penetration of water into the lipid bilayer. Water penetration was more
pronounced in the buffer with low ionic strength (0.01 M). Most CW-EPR were performed
by team 1, while pulsed EPR was performed by team 3 (ref. 1 and 2).
Investigation of vesicles composed of oleic or decanoic acid: Slavko Pe ar from our team
has synthesized spin labeled decanoic acid to investigate the membrane characteristics of
vesicles from decanoic acid. EPR measurements were performed by team 1. During the
working group meeting in Zagreb Marjeta Šentjurc made an agreement with Peter Walde
(team 7) to use EPR for measurement of membrane permeability of octanoic and decanoic
vesicles.
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Joint Publications (with at least two teams of the WG involved)
•
•
•
•
•

•
•
•

•

(1) V. Noethig-Laslo, P. Cevc, D.Arcon, M. Šentjurc. Comparison of CW-EPR and ESEEM
Technique for Determination of Water Permeability Profile in Liposom Membranes. App.
Magn. Res. 2004, 27, 1-7.
(2) V. Noethig-Laslo, P. Cevc, D. Ar on, and M. Šentjurc. Hydrophobic barrier in liposomes
studied by FT-ESEEM. Orig. Life Evol. Biosph. 2004, 34, 237-242.
(3) K. Mirosavljevi , V. Noethig-Laslo. Influence of Cholesterol on Domain Formation in
Three-phase Liposome System. 19.Croatian Meeting of Chemists and Chemical Engineers,
2005, April 24-27, Opatija, Croatia.
(4) R. Frkanec, V. Nöthig-Laslo, B. Vraneši , K. Mirosavljevi , J. Tomaši . A spin labelling
study of immunomodulating peptidoglycan monomer and adamantyltripeptides entrapped
into liposomes. Biochim. Biophys. Acta 2003, 1611, 187-196.
(5) R. Frkanec, D. Travaš, V. Noethig Laslo, K. Mirosavljevi , M. Krstanovi , B. Vraneši ,
J. Tomaši . The effect of chemical structure and stereochemistry on interactions of
immunomodulatory peptides with lipid bilayers in liposomes. J. Peptide Sci. 2004, 10
(Suppl.), 289.
(6) M. Brgles, K. Mirosavljevi , R. Frkanec, V. Noethig-Laslo, J. Tomaši . Spin Labelling
of Ovalbumin. 19.Croatian Meeting of Chemists and Chemical Engineers 2005, April 24-27,
Opatija, Croatia.
(7) V. Noethig-Laslo, N. Pauli , R. Basosi, R. Pogni. Role of apically Bound Water Molecule
on
Aliphatic-aliphatic
Side-chain
Interactions
in
Bis(L-N,N-dimethyl
L- isoleucinato)copper(II) studied by EPR Spectroscopy. Polyhedron 2002, 21, 1643-1649.
(8) K. Mirosavljevi , J. Sabolovi , V. Noethig-Laslo. Conformational Analysis of Bis(LN,N-dimethylvalinato)copper(II) and Bis(L-N,N-dimethylleucinato)copper(II) in Different
Solvents by EPR Spectroscopy and Molecular Mechanics Study. Eur. J. Inorg. Chem. 2004,
3930-3937.
(9) B. Dejanovi , V. Noethig-Laslo, S. Pe ar: Micelles to Vesicles Transformations of
Decanoates Studied by Spin-labelling Method. 1. COST D 27 Working Group 0006/03
Meeting 2005, May 20-21, Zagreb.

Meetings/Workshops
•

COST D27 WG 0006/03 meeting in Zagreb (Croatia) from 20/05/05 to 21/05/05.
The meeting was held at "Rudjer Boškovi " Institute, Bijeni ka c. 54, 10002 Zagreb, Croatia on May, 20-21,
2005. The meeting was opened to public and attracted many researchers from the Institute as well as the
members of Faculty of Physics, and the students from the Zagreb University. It is important to note that the
meeting informed researchers of the Institute on the activities of COST Chemistry. The aim of the research of
the working group WG-0006/03 is to prepare the functional vesicles made of simple fatty acids as well as of
the complex supramolecular structures made of different lipids. On the first day of the meeting it was discussed
how spectroscopic methods like Electron Spin Resonance (ESR) and Raman may be applied to the problem on
the transformation of simple molecular aggregates to vesicles and further to more complex structures. ESR
method was presented by the lecture of Dr. M. Šentjurc and Raman by Prof. H. Edwards. As a start of the
collaborative research on decanoates between the group of Dr. Marjeta Šentjurc, Prof. S. Pe ar discussed the
problems of spin labelling of decanoates. The spin labelling method was for the first time used for the study of
micelle-vesicle transformation in collaboration with the group of P. Walde, and the first results were discussed
on the posterpresented by B. Dejanovi , V. Noethig-Laslo and S. Pe ar (enclosed in the final program). The
plan for the future experiments on the use of Raman spectroscopy in combination with spin labelling for the
experiments on decanoates was discussed by P.Walde, H. Edwards and V. Noethig-Laslo. Discussions at the
posters after the lectures were very vivid and opened possibilities for future collaboration between people using
different physical methods. So collaboration between Prof. S. Pe ar (involved in the synthesis of spin labels)
and M. Vincekovi on the problem of formation of giant vesicles from mixtures of cationic surfactant with
oppositely charged biopolymers was planned for the near future. ESR experiments on these systems are
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planned to be done in the Laboratory of Magnetic Resonances in collaboration with the group of V. NoethigLaslo. The hope is that the visit to the Laboratory of Magnetic Resonances at the end first day will ensure the
participants of the meeting that the Lab is well equipped for the interdisciplinary approach to the prebiotic
chemistry research. The second day of the meeting was devoted to the complex multicompartment systems
represented by the lecture of Dr. C. Paleos, and to the theory represented by the lectures of Prof. S. Svetina and
prof. Mladen Martinis. Prof. Martinis intend to join the Working group with his collaboratiors engaged in the
study of the fractal properties of the lipids. Although it was Saturday, the lecture hall was full. The poster
section was devoted to the members of the Dr. N. Filipovi -Vincekovi group. Several new collaborative
arrangements were envisaged as a result of the discussionsin the front of the posters. At the end of the meeting
it was decided that the next WG-meeting will be organized in Zurich by the group of Prof. P. Walde. The
meeting was closed by Prof. P. L. Luisi gave on the overall impression on the successes of this first WGmeeting.
Lectures: M. Žini , Director of "R. Boškovi " Institute, A. Sablji , Head of Division of Physical Chemistry,
B. Rakvin Head of Laboratory for Magnetic Resonances. - V. Noethig-Laslo, introduction. P. L. Luisi (Univ.
Roma 3) "From the Origin of Life to Synthetic Biology", M. Lahav (Weizmann) "Generation of Homochiral
Peptides from Racemates at Interfaces. Relevance to Prebiotic Chemistry", P. Walde (ETH Zürich)
'
'
Decanoate - from Micelles to Primitive Bilayer Membranes'
'
, H. Edwards (Univ. Bradford) "Molecular
Interactions Studied by Raman Spectroscopy", M. Šentjurc (Ljubljana) "Interactions of Biologically Active
Molecules and Vesicular Systems with Biological Membranes as Studied by EPR", S.Pe ar (Ljubljana)
"Structural Properties of Doxyl-decanoates", "The Application of the Spin-labelling Methods to Lipid
Membranes as Proto-cell Models", moderated by V. Noethig-Laslo, C. Paleos (Attiki) '
'
Multicompartment
Systems Originating from Liposomes'
'
, S. Svetina (Ljubljana) '
Vesicle Shapes and the Process of Vesicle Selfreproduction'
'
, M. Martinis () '
'
The Fractal Approach to Scaling Behaviour of Surface Irregularities in Vesicle
Systems'
'
.
Posters: T. Namani and P. Walde "Vesicles from Fatty Acids", B. Dejanovi , V. Noethig-Laslo and S. Pe ar
"Micelles to Vesicles Transformations of Decanoates Studied by Spin-labelling Method", Z. Arsov
"Determination of Partition Coefficient of Spin Probe between Different Phases in Phase-separated Lipid
Membranes", K. Mirosavljevi and V. Noethig-Laslo "Influence of Cholesterol on Domain Formation in
Three-phase Liposome System", V. Noethig-Laslo, P. Cevc, D. Arcon, M. M. Šentjurc "Comparison of CWEPR and ESEEM Technique for Determination of Water Permeability Profile in Liposomes", I. Dogsa
“Glycolipid-lipid / glycolipid-glycolipid interactions in glycosylated membrane surfaces", M. Brgles, K.
Mirosavljevi , R. Frkanec, V. Noethig-Laslo and J. Tomaši "Spin Labelling of Ovalbumin", J. Mravljak and
S. Pe ar "Spin-labels as Molecular Tools in Spin-labelling Method", N. Filipovi -Vincekovi and M. Bujan,
M. Dutour Sikiri , M. Jendri , D. Jurašin, V. Tomaši and M. Vincekovi “Surfactants – Control and
Adjustement of Supramolecules“, D. Jurašin, M. Vincekovi , V. Tomaši and N. Filipovi -Vincekovi "From
Micelles and Vesicles to Nano- and Micro tubes in Alkyl ammonium Chloride/Sodium Cholate Mixtures", V.
Tomaši "Optical Microscopic Study of Micelles to Vesicles Transformation", M. Vincekovi and M. Bujan
"Giant and Oligovesicular Vesicles in Mixtures of Cationic Surfactant and Oppositely Charged Biopolymers",
Maja Sikiri , Ivan Šmit, Vlasta Tomaši , Irina Puci , Ines Primoži and Nada Filipovi -Vincekovi "Effect of
the Spacer Length on the Solid Phase Transitions of Dissymmetric Gemini Surfactants", M. Sikiri , Y.
Talmon, I. Primoži and N. Filipovi -Vincekovi "Effect of the Spacer Length on the Association and
Adsorption Behavior of Dissymmetric Gemini Surfactants", B. Boži "A Relationship between Membrane
Properties Describes a Condition for Vesicle Self-reproduction", M. Sikiri , P. Bar-Yosef Ofir, N. Garti, H.
Fueredi-Milhofer "Organic-Inorganic Nanocomposite Coatings for Biomedical Applications I", Maja Sikiri ,
M. Dvorachek, E. Wachtel, R. Elkaim, F. Cuisiner, H. Fueredi-Milhofer "Organic-Inorganic Nanocomposite
Coatings for Biomedical Applications II"

Short-Term Scientific Missions financed by COST
Dr. Maja Sikiri and B. Sc. Marko Vincekovi spent ten days, from 8 to 18 May 2005, in the
Institute of Physical Chemistry, NCSR "Demokritos", Aghia Paraskevi, Attiki. The objective of the
mission was to enhance the capabilities of the research teams at the Ru er Boškovi Institute and
Faculty of Agronomy, Zagreb, Croatia to exploit the technique of SAXS in investigation of
surfactant/biopolymer complexes and to contribute to the realization of the scientific objectives of
the Cost Action: D27, Working Group 0006.

Exchanges financed from other sources
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Scientific visits of Vesna Noethig-Laslo to Ljubljana and of Marjeta Šentjurc to Zagreb were
financed through the Slovenian-Croatian bilateral projects between M. Šentjurc (Team 3) and V.
Noethig Laslo groups (Team 1) supported by Ministry of High Education Science and Technology
of Slovenia and Ministry of Education, Science and Technology of Croatia.
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WORKING GROUP D27/0007/03
“Functionalized Self-Reproducing Vesicles as precursors for Early Cells.”
Participation
Team

Institution & Country

1

Institute für Polymere-ETHZ, Switzerland
and
University of RomaTre, Rome, Italy

2

Weizmann Institute of Science, Israel

3

ETH-Zentrum, Switzerland

4

Università di Perugia, Italy

5

Université Louis Pasteur, Strasbourg,
France

6

Università di Bari, Italy

7

Leiden University, The Netherlands

8

European Molecular Biology Laboratory,
Heidelberg, Germany

9

Mondragon University, Spain

Team members
Pier Luigi LUISI
Pasquale STANO
Chris THOMAS
Deborah FIORDEMONDO
Filippo CASCHERA
Giovanni MURTAS
Doron LANCET
NN
Peter WALDE
Trishool NAMANI
Gianfranco SAVELLI
NN
Yoichi NAKATANI
Guy OURISSON
NN
Fabio MAVELLI
NN
Alexander KROS
NN
Gareth GRIFFITHS
NN
Kepa RUIZ-MIRAZO
NN

Scientific Structure

2 STSM from Team 9 (K. Ruiz-Mirazo) to Team 1 (P. L. Luisi), 1 STSM (merged) from Team 9 (K. RuizMirazo) to Team 6 (F. Mavelli). 1 co-authored paper between Team 1 (Luisi) and Team 9 (Kepa); 3 coauthored papers between Team 1 (Luisi) and Team 6 (Mavelli).
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The general goal of this WG was to develop autocatalytic compartment systems that give rise to a
self-replication. This should be possible by coupling a surfactant-forming reaction to the
compartment formation process.

Scientific Results
Team 1
(webpage: www.plluisi.org): Our work was focused on the detailed investigation of the so-called
“matrix effect” in the self-reproduction of oleate vesicles. The interest toward this phenomenon is
related to the conservation of the vesicles size distribution after the addition of fresh
membranogenic surfactant to a pre-formed population of extruded vesicles. In addition to
experimental and spectroscopic works, performed by Team 1, a theoretical study has been
conducted by Team 6 (Mavelli, Univ. Bari, IT), focusing on the Autopoietic Replication
Mechanisms, using Monte Carlo methods.
In particular, we investigated the spontaneous vesiculation of oleate micelles in the presence and in
the absence of pre-formed oleate as well as lecithin vesicles. The presence of pre-formed vesicles
accelerates the vesiculation process, leading to a vesicle population of small vesicles of about the
same size of pre-formed vesicles. In the absence of pre-formed vesicles, the spontaneous
vesiculation of oleate is slower and gives rise to a heterogeneous vesicle sample, see Figure 1 (Rasi
et al. 2003; Rasi et al. 2004).

Figure 1. Size distribution of oleate vesicles (red curve) formed by the injection of
oleate micelles into a suspension of pre-formed oleate vesicles (black curve). Negative
control is also shown (dashed black curve)

DLS data were also analysed in term of number of particles, in order to evaluate the increase in the
number of particles during the process (Luisi et al. 2004). The development of new functionalised
vesicles has been evaluated, together with Team 4 (Savelli, Univ. Perugia, IT), in order to create a
catalytic reaction network originated by vesicle catalysis (for example using imidazole groups or
copper/imidazole complexes). Finally, we investigate the interaction between high pI proteins and
negatively charged vesicles, in order to understand their reactivity in collaboration with Team 9
(Ruiz-Mirazo, Mondragon, SP) (see Ruiz-Mirazo et al., submitted).

Team 6
The main aim of our work in the context of the COST D27/0007/03 WG is to develop theoretical
models and computational tools to get insights into the dynamics of lipid vesicles. In particular in
collaboration with Team 1 (Luisi, ETH and Uniroma3, IT) the dynamic behaviour of acid
oleic/oleate vesicles was investigated in presence of an addition/production of fresh surfactant
molecules: the so called-matrix effect. We found that the observed behaviours can be ascribed to the
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different charge of the added surfactant molecules that can grow the pre-existing vesicles or bring
them towards a splitting process. Moreover, to better understand single lipid membrane dynamics
we have developed and are now testing a Monte Carlo program that can find the minimal energy
membrane conformation under different stress conditions: osmotic pressure jump, different charged
surfactant composition, etc. On the other hand, to simulate the time behaviour of the size
distribution of vesicle solutions in presence of surfactant chemical production or consumption a
stochastic kinetic simulation program has been also developed. This program has been already used
to described the autopoietic micelle formation and in future it will be applied to the study of the
matrix effect and to test a model for a minimal ‘peptide-lipid’ cell in collaboration with Team 9.
Morover, the work was presented (as oral contribution) at the First International School on
Complexity – ERICE (IT).

Team 9
The work I carried out in the context of this COST D27/0007/03 WG was mainly focused on the
experimental analysis (by turbidimetry, DLS and fluorimetry) of the interaction between oleic
acid/oleate vesicles and various basic proteins and polypeptides. Fairly strong effects were expected
on the basis of the apparent electrostatic forces at play, since oleate vesicles are negatively charged
at the experimental conditions (pH 8.5) and, thus, constitute a natural target for high pI proteins.
Indeed, our results show that such proteins (e.g., lysozyme and histone H1) and polypeptides (e.g.,
poly-lysine or poly-argenine) have a high affinity for oleate vesicles and they induce clear changes
in optical density and in the size distribution of the population. However, the effect is strikingly
different depending on the protein used. In particular, lysozyme (previously known to favour the
process of aggregation of negatively charged liposomes), produces a remarkable decrease in optical
density together with a shift towards smaller mean diameters in the oleate vesicle population. This to our knowledge- new finding (which was further supported by fluorimetric data from experiments
with calcein-containing vesicles) contrasts with the typical aggregative effects not only of lysozyme
on other types of negatively charged vesicles but also of other basic proteins/polypeptides on the
same oleic acid/oleate vesicles. Thus, the specificity found in the interaction between lysozyme and
oleate vesicles does not allow for a simple interpretation of our results: electrostatic interactions,
being probably crucial for the initial encounter and binding between protein and vesicles, are
definitely not the only ones ruling the process. Work in progress is aimed at giving a more
encompassing interpretation of these results by (1) carrying out further experiments with shorter
positively charged peptides chains and (2) developing a simulation model that can address the
problem of how poly-peptides come to interact with this type of vesicles, and the new properties
that these cellular structures could obtain as prebiotically relevant systems.
The article ‘Lysozyme effect on oleic acid/oleate vesicles’, written in collaboration with Pasquale
Stano and Pier Luigi Luisi, was submitted to the Journal of Liposome Research and it is now
following the review process. This work was presented in the poster session of the Third Workshop
of the COST Chemistry Action D27 “Prebiotic Chemistry and Early Evolution” – CRETE (GR).
Two Short Term Scientific Actions helped significantly to carry out this research. The first one
involved a two-week stay of K. Ruiz-Mirazo in P.L.Luisi’s lab (at the Dept. of Biology of
UniRomaTre in November 2004 – Ref.: COST-STSM-D27-00608) and the second one, which has
just been finished (June-July 2005), consisted in a similar three-week stay of K.R.M. at Luisi’s lab,
complemented by a week visit to the Dept. of Chemistry of the University of Bari, to collaborate
with Fabio Mavelli in the design of a simulation model for a minimal ‘peptide-lipid’ cell (Ref.
COST-STSM-D27-00608). Both STSMs were very fruitful and provided the main substrate for the
already-submitted article, as well as for on-going and future research on similar lines.
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Joint Publications (with at least two teams of the WG involved)
•
•
•
•

S. Rasi, F. Mavelli, P.L. Luisi. Cooperative micelle binding and matrix effect in oleate
vesicle formation. J. Phys. Chem. B 2003, 107, 14068-14076.
S. Rasi, F. Mavelli, P.L. Luisi, Matrix effect in oleate micelles-vesicles transformation.
Orig. Life Evol. Biosph. 2004, 34, 215-224.
P.L. Luisi, P. Stano, S. Rasi, F. Mavelli. A possible route to prebiotic vesicle reproduction.
Artificial Life 2004, 10, 297-308.
K. Ruiz-Mirazo, P. Stano, P.L. Luisi. Lysozyme effect on oleate vesicles. J. Lipos. Res.,
submitted.

Other publications relevant to D27/0007/02 topics
•
•
•

F. Mavelli. Theoretical investigations on autopoietic replication mechanisms. Diss.,
Naturwissenschaften, Eidgenössische Technische Hochschule ETH Zürich, Nr. 15218,
2003.
S. Piotto, F. Mavelli. Monte Carlo simulations of vesicles and fluid membranes
transformations. Orig. Life Evol. Biosph. 2004, 34, 225-235.
F. Mavelli, S. Piotto. Stochastic Simulations of Homogeneous Chemically Reacting
Systems. TEOCHEM, submitted.

Meetings/Workshops
•

Third Workshop of the COST Chemistry Action D27 “Prebiotic Chemistry and Early
Evolution” September 30 – October 3, 2004, Hersonissos (Heraklion, Crete) – Greece.

Organizing Commitee: Luisi, Neibecker; Local Organizing Committee: Paleos, Tsiourvas, Tsogas. The
meeting was divided WG presentation and thematic presentations, where major international experts were
invited to give their contribution.
WG presentations: P. F. Stadler (Leipzig Univ.) “Replicator dynamics in sequence spaces”; Meir Lahav
(Weizmann Inst., Rehovot) “Prebiotic origin and survival of homo-chirality”; E. Szathmary (Eotvos Univ.)
“The rise and importance of compartment models”; M. C. Maurel (Paris VI Univ.) “Strategies chosen by RNA
to become thermoresistant”; R. Pascal (Montpellier II Univ.) “The potential prebiotic abilities of amino acid Ncarboxyanhydrides as energy carriers and as intermediate of archaic coded peptide synthesis”; R. Plasson
(Montpellier II Univ.) “Recycling Frank: spontaneous emergence of homochirality in closed non-catalytic
systems”; V. Nothig-Laslo (Boskoviae Inst., Zagreb) “Preparation and properties of functionalised vesicles as
protocell models”; P. Stano (ETH Zurich and Uniroma3) “Matrix effect and self-reproduction of vesicle”; C.
Fernando (Sussex Univ.) “A stochastic model of long RNA template replication”; D. Lancet (Weizmann Inst.,
Rehovot) “Early system biology and prebiotic networks”; Y. Nakatani (L. Pasteur Univ. Strasbourg) “Giant
vesicles as model for minimal cells”; P. L. Luisi (ETH Zurich and Uniroma3) “Vesicles as models for minimal
cells”; S. Svetina (Ljubljana Univ.) “Vesicle shape behaviour and the origin of biological self-reproducibility”;
C. Thomas (ETH and Uniroma3) “Selective interaction between RNA and liposomes of different size”.
Astrobiology: P. Ehrenfreund (Leiden Univ.), “Life in the solar system”; S. Pizzarello (Arizona State Univ.),
“The prebiotic distribution of biomolecules precursors”; G. Przybytniak (Inst. Nucl. Chem. and Tech., Varsaw)
“Radiation damage in the DNA”.
RNA World: C. Flamm (Wien Univ.) “Computational design and folding dynamics of nucleic acid sequences”;
G. von Kiedrowski “News about the polymerisation of nucleotides; P. Strazewski (C.Bernard Lyon 1 Univ.)
Amphiphilic 3’-peptidyl-RNA: early advantages and mutual control?
Minimal Cell: K. Kaneko (Tokyo Univ.) “Complex systems biology: exploring universal characteristic in life
through constructive approach”; J. McCaskill (Ruhr Univ.) “Programmable artificial cell evolution”; S.
Rasmussen (Santa Fe Inst.) “Assembly of minimal protocells”; A. Lazcano (New Mexico Univ.)
“Considerations on minimal genomes”; M. M. Hanczyc (Huges Medical Inst. Boston) “Replicating vesicles as
models of primitive cell growth and division”.
•

International School on Complexity “Towards the Minimal Cell” December 7 – December 10, 2004, Erice
(Sicily, IT).
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Local Organizing Committee: Luisi, Pietronero, Zichichi.
This meeting was connected to COST D27 WG because of the topic: the experimental and theoretical
approaches to the minimal genome and minimal cells. Several COST participants were invited to the Erice
School on complex systems.
The genetic approach: A. Moya (Spain); A. Lazcano (Mexico).
The liposome work: K. Tsumoto (Japan); P. Walde (Switzerland); T. Yomo (Japan); K. Kaneko (Japan)
Theoretical work: D. Segre (USA); T. Ikegami (Japan); G. Caldarelli (Italy); A. Zichichi (Italy).
Towards cellular complexity: F. Mavelli (Italy); M. Bernaschi (Italy); M. Castellanos (USA); J. Tabony
(France).
Other panellists: E. Szathmary (Hungary); G. Capranico (Italy); G. von Kiedrowski (Germany); P. L. Luisi
(Italy); L. Steels (Belgium); J. Perez-Mercader (Spain); K. Ruiz-Mirazo (Spain); L. Pietronero (Italy).

Short-Term Scientific Missions financed by COST
Two Short Term Scientific Actions helped significantly to carry out this research. The first one
involved a two-week stay of K. Ruiz-Mirazo in P.L.Luisi’s lab (at the Dept. of Biology of
UniRomaTre in November 2004 – Ref.: COST-STSM-D27-00608) and the second one, which has
just been finished (June-July 2005), consisted in a similar three-week stay of K.R.M. at Luisi’s lab,
complemented by a week visit to the Dept. of Chemistry of the University of Bari, to collaborate
with Fabio Mavelli in the design of a simulation model for a minimal ‘peptide-lipid’ cell (Ref.
COST-STSM-D27-00608). Both STSMs were very fruitful and provided the main substrate for the
already-submitted article, as well as for on-going and future research on similar lines.

Time
November
2004

July 2004

Visiting scientist (team)
Kepa Ruiz-Mirazo (9)

Host (team)

Purpose

Pier Luigi Luisi (1)

Interaction of negatively
charged oleate vesicles with
high pI proteins
(COST-STSM-D27-00608)

Pier Luigi Luisi (1)

Interaction of negatively
charged oleate vesicle with
short positively charged
oligopeptides.

Fabio Mavelli (6)

Setting up future research with
computational methods
(COST-STSM-D27-00608)

Kepa Ruiz-Mirazo (9)

Exchanges financed from other sources
Team 1 (P. L. Luisi, now in Rome, IT) and Team 4 (G. Savelli, Univ. of Perugia, IT) exchanged
several scientific mission in order to discuss on the realization of functionalised vesicle systems
able to display an autocatalytic growth. These visits were supported by local University founding.
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Publications from COST D27 members not involved in Working Groups
[Tamulis.1] A. Tamulis, V. Tamulis, A. Graja, “Quantum mechanical modelling of photosynthetic
system self-assembly in PNA based artificial living organisms”, article submitted to Lithuanian
Journal of Physics, 2005.
[Tamulis.2] A. Tamulis, V. Tamulis, S. Rasmussen, “Quantum Molecular Dynamics Self-Assembly
of PNA Artificial Photosynthetic System on Lipid Bilayer”, paper completing for publication.
[Tamulis.3] A. Tamulis, Z. Rinkevicius, J. Tamuliene, "Quantum chemical ab initio design of
molecular electronics devices for natural and artificial living systems", Proceedings of the XIIth
Rencontres de Blois "Frontiers of Life", June 25 - July 1, 2000, Blois, France, Printed in Vietnam
The Gioi Publishers, 2003, p.p. 305-317.
[Tamulis.4] A. Tamulis, J. Tamuliene, V. Tamulis, "Quantum Mechanical Design of Photoactive
Molecular Machines and Logical Devices", 11th chapter in "Handbook of Photochemistry and
Photobiology", Vol. 3 "Supramolecular Photochemistry", Ed. H.S. Nalwa, American Scientific
Publishers, p.p. 495-553, 2003
[Tamulis.5] A. Tamulis, J. Tamuliene, V. Tamulis, A. Graja, "Quantum Mechanical Design of
Elements of Molecular Quantum Computers Based on Biliverdin and Aza-fullerene Compounds",
in NATO Science Series, II. Mathematics, Physics and Chemistry, vol. 91, "Low-Dimensional
Systems: Theory, Preparation, and Some Applications", ed. by L. M. Liz-Marzan and M. Giersing,
Kluwer Academic Publishers, 2003, p.p. 267-280.
[Tamulis.6] A. Tamulis, J. Tamuliene, V. Tamulis, "Quantum Mechanical Design of Light Driven
Molecular Logical Machines and Elements of Molecular Quantum Computers", in NATO Science
Series, II. Mathematics, Physics and Chemistry, vol. 96, "Molecular Electronics: Bio-sensors and
Bio-computers", ed. by L. Barsanti, V. Evangelista, P. Gualtieri, V. Passarelli, S. Vestri, Kluwer
Academic Publishers, 2003, p.p. 1-27.
[Tamulis.7] A. Tamulis, V. I. Tsifrinovich, S. Tretiak, G. P. Berman, D. L. Allara, “Neutral Radical
Molecules Ordered in Self-Assembled Monolayer Systems for Quantum Information Processing”,
arXiv.org e-Print archive, Quantum Physics, http://arxiv.org/list/quant-ph/0307?100, quantph/0307136 [abs, pdf], July, 2003.
[Tamulis.8] A. Tamulis, J. Tamuliene, V.Tamulis, A. Ziriakoviene, A. Graja, "Quantum
Mechanical Design of Molecular Electronics Logical Machines", J. of Nonlinear Optics, Quantum
Optics, vol. 30, p.p. 267-284, 2003.
[Tamulis.9] A. Tamulis, J. Tamuliene, V. Tamulis, A. Ziriakoviene, "Quantum Mechanical Design
of Logic Elements of NMR and ESR Molecular Quantum Computers", J. of Nonlinear OpticS,
Quantum Optics, vol. 30, p.p. 285-300, 2003.
[Tamulis.10] A. Tamulis, J. Tamuliene, V. Tamulis, A. Ziriakoviene, “Quantum Mechanical Design
of Molecular Computers Elements Suitable for Self-Assembling to Quantum Computing Living
Systems”, Solid State Phenomena, Scitec Publications, Switzerland, Vols. 97-98, p.p. 175-180,
2004.
[Tamuliene.1] Tamuliene, A. Tamulis, “Quantum Mechanical Investigations of 1,4dihidrochinoksaline and 7,8-dimetilizoaloksazine for sensibilization of self-assembled system
consist of PNA and Lipid Molecules”, in press of Lithuanian Journal of Physics, 2005].
[Tamuliene.2] J. Tamuliene, M. L. Balevicius, A. Tamulis, V. Tamulis, "Charge Transfer in
Molecular Logical Device Possessing Different Molecular Bridges", in NATO Science Series, II.
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Mathematics, Physics and Chemistry, vol. 100, "Organic Nanophotonics", ed. by F. Charra, V. M.
Agranovich, F. Kajzar, Kluwer Academic Publishers, 2003, p.p. 73-79.
[Tamuliene.3] J. Tamuliene, A. Tamulis, J. Kulys, “Electronic Structure of Dodecyl Syringate
Radical Suitable for ESR Molecular Quantum Computers", Nonlinear Analysis: Modelling and
Control, Vol. 9, No. 2, 2004, p. 185-196.
[Tamuliene.4] J. Tamuliene, M.L. Balevicius, A. Tamulis, “How Has the Bridge Fragment Choosen
to Design of Charge Transfer Molecular Device?”, Structural Chemistry, vol. 15, No. 6, p.p. 579585, 2004.
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DISSEMINATION OF RESULTS
6.1 Publications and Reports
vide supra under the header of each working group
6.2 Conferences and Workshops

AVETISOV Vladik A., Semenov Institute of Chemical Physics, Moscow, Russia,
avetisov@chph.ras.ru: 13.12.03. INV. COST-D27 3rd MC-meeting and Workshop, Budapest, Hungary. -

29.05.04. INV, COST-D27-280504-003557 Workshop, Poma, Italy. – 21.06.05. POS, the 14th Int. Conf. on the Origin
of Life ISSOL-05, Beijing, China. – 25.06.05, PLE, INV, Int. Workshop on the Biosphere Origin and Evolution BOE05, Novosibirsk, Russia.
BENKO Gil/P.F. Stadler, Univ. Leipzig, Germany: 15.12.04. SEM, Weizmann Institute of Science,
Rehovot, Israel.

BERSINI Hugues, Université Libre de Bruxelles, Belgium, bersini@ulb.ac.be:
BOITEAU, Laurent/A. Commeyras, Université de Montpellier, France, laurent.boiteau@univmontp2.fr: 13.12.03 CON, 2nd COST D27 Workshop, Budapest, Hungary – 21.06.05 POS, 14th ICOL, Beijing,

China.

BRACK André, Centre de Biophysique Moléculaire, Orléans, France, brack@cnrs-orleans.fr:
COLONNA Stefano, Università degli Studi di Milano, Italy, stefano.colonna@unimi.it:
COMMEYRAS Auguste, Université de Montpellier, France, acommeyras@univ-montp2.fr:

17.10.02 CON 1st D27 workshop, Ravello, Italy –05.03 INV, 3rd Interdisc Symp Biochirality, Modena, Italy.
DECOUT Jean-Luc, Université de Grenoble, France, Jean-Luc.Decout@ujf-grenoble.fr: 12.03 INV,
COST D27 WG meeting, Paris, France. - 06.04 SEM, Centre de Recherche sur le Cancer Léon Bérard, Lyon, France. 10.04 SEM, Institut de Chimie Organique et de chimie biologique, Goethe University, Frankfurt, Germany.- 01.05
SEM, DPM, Grenoble, France. - 02.05 SEM, LEDSS, Grenoble, France. – 04.05 INV IIèmes Journées de Chimie FranceCanada (JCFC 04), « Méthodes de synthèse, Chimie Médicinale et Matériaux organiques avancés », Nice,
France. 05.05. INV, Inside the RNA world, COST D27 WG meeting, IJM Paris, France. - 06.05 SEM, UPR 9002
CNRS/Université Louis Pasteur, Strasbourg, France. - 07.05 SEM Center for the study of emerging and re-emerging
pathogens. New Jersey Medical School, Newark, USA.

DOBRIJEVIC Michel, Observatoire de Bordeaux, France, dobrijevic@obs.u-bordeaux1.fr,
michel@observ.u-bordeaux.fr:
EDWARDS Howell, University of Bradford, United Kingdom, h.g.m.edwards@bradford.ac.uk:
FEITERS Martin, University of Nijmegen, The Netherlands, M.Feiters@science.ru.nl,
mcf@sci.kun.nl:
FERINGA Ben, University of Groningen, The Netherlands, B.L.Feringa@rug.nl,
feringa@chem.rug.nl:
FIELD Martin, Institut de Biologie Structurale, Grenoble, France, mjfield@ibs.fr:
GALABOV Boris, Sofia University, Bulgaria, galabov@chem.uni-sofia.bg:
GALLORI Enzo, Università degli Studi di Firenze, Italy, gallori@dbag.unifi.it: 03.-05.06.02 INV,

AGI Summer School on the Origin of Life on the Earth, Cortona, Italy. 30.06-05.07.02 POS, 13th ISSOL, Oaxaca,
Mexico. 26.-30.08.02 INV, NATO Adv. Res, Workshop on Space, Time and Life, Brijuni, Croatia. 17.-20.10.02 INV,
1st Workshop COST Chemistry Action D27, Ravello, Italy. 20.10.02 SEM, CNR Campus Colloquia, Bologna, Italy.
22.11.02 INV, COST Meeting WG5, IJM Paris, France. 02.12.02 SEM, IIGB, Naples, Italy.19.02.03 INV, ANISN
Conference on Life on the Earth, Asti, Italy. 16.-18.07.03 INV, OECD Conference on Challenges and Risks of GMOs,
Maastricht, The Netherlands. 15.-19.09.03. PLE, 7th Int. Conference on Chemical Evolution and the Origin of Life,
Trieste, Italy. 10.-13.10.03 INV, 5th Congress of Italian Society of Life Sciences, Rimini, Italy. 23.10.03. INV,
University Colloquium on 50th of the Miller Experiment, Florence, Italy. 21.11.03 INV, CRA Colloquium on GMOs
and Agriculture, Rome, Italy. 12.-14.12.03 INV, 2nd Meeting COST D27, Budapest, Hungary. 22.01.04 SEM, Scienza
& Esperienza, University of Bologna, Bologna, Italy. 18.-20.02.04 INV, XII Congress of Italian Society of
Evolutionary Biology, Florence, Italy. 30.09.-03.10.04 POS, 3rd Workshop of COST Chemistry Action D27, Heraklion,
Greece. 09.12.04 INV, CRA Colloquium on GMOs and Agriculture, Roma. 27.05.05 INV, COST Meeting “Inside the
RNA World”, IJM Paris, France. 18.-24.06.05 INV, 15th ISSOL, Peking, China. 18.-24.06.05 POS, 15th ISSOL,
Peking, China.

GARCIA RUIZ Juan Manuel, CSIC-Universidad de Granada, Spain, jmgruiz@ugr.es:
GEORGE Graeme A., Queensland University of Technology, Brisbane, Australia,
g.george@qut.edu.au:
GÖBEL Michael, Goethe-Universität, Frankfurt, Germany, m.goebel@chemie.uni-frankfurt.de:
GRENIER-LOUSTALOT Marie-Florence, CNRS, Vernaison, France, mf.grenier-loustalot@scaCOST Chemistry D27
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cnrs.fr:
GRIFFITHS Gareth, European Molecular Biology Laboratory, Heidelberg, Germany,
griffiths@embl.de:
HÅKANSSON Mikael, Göteborg University, Sweden, hson@chem.gu.se:
HOFACKER Ivo, Universitaet Wien, Austria, Ivo.Hofacker@tbi.univie.ac.at:
HOLM Nils, Stockholms University, Sweden, nils.holm@geo.su.se:
KRICHELDORF Hans R., Universität Hamburg, Germany, kricheld@chemie.uni-hamburg.de:
KROS Alexander, Leiden University, The Netherlands, A.kros@chem.leidenuniv.nl:
LAHAV Meir, The Weizmann Institute of Science, Rehovot, Israel, meir.lahav@weizmann.ac.il:
LANCET
Doron,
The
Weizmann
Institute
of
Science,
Rehovot,
Israel,
doron.lancet@weizmann.ac.il:
LUISI Pier Luigi, Past ActionChair, ETH Zurich (CH) and Uniroma3 (IT), luisi@mat.ethz.ch:

17.10.02 CON, 1st COST D27 Workshop, Ravello, (IT); 28.05.04 CON, COST D27 WG 0004/02 Kickoff meeting,
Rome, (IT); 30.09.04 CON, 3rd COST D27 Workshop, Hersonissos, Greece; 20.05.05 CON, COST D27 WG 0006/03,
Zagreb (CR)”.

MANCINI Giovanna, Università La Sapienza, Roma, Italy, gmancini@uniroma1.it:
MANDOLINI Luigi, Università di Roma La Sapienza, Italy, luigi.mandolini@uniroma1.it:
MAUREL Marie-Christine, Université de Paris, France, maurel@ijm.jussieu.fr:
MAVELLI Fabio, Università di Bari, Italy, mavelli@chimica.uniba.it: 17.10.02, 2 x POS, 1st COST
D27 Workshop, Ravello, Italy. - 10.12.04 CON, 1st International School on Complexity, Erice, Italy”.

MERCADER Juan Pérez
mercader@laeff.esa.es:

,

Centro

de

Astrobiologia,

Torrejon

de

Ardoz,

Spain,

MICHEAU Jean-Claude, Université Paul Sabatier, Toulouse, France, micheau@chimie.upstlse.fr:
MOURA José J. G., Universidade Nova de Lisboa, Monte de Caparica, Portugal,
josé.moura@dq.fct.unl.pt:
NAKATANI Yoichi, Université Louis Pasteur, Strasbourg, France, nakatani@chimie.u-strasbg.fr:
01.10.04 INV, 3rd COST D27 workshop, Hersonissos, Greece

NÖTHIG-LASLO Vesna, Rudjer Boškovi Institute, Zagreb, Croatia, laslo@rudjer.irb.hr;
laslo@irb.hr; laslo@faust.irb.hr:
NOLTE Roeland, University of Nijmegen, The Netherlands, R.Nolte@science.ru.nl;
desiree@sci.kun.nl:
OURISSON Guy, Université Louis Pasteur, Strasbourg, France, ourisson@chimie.u-strasbg.fr:
PALEOS Constantinos M., National Center for Scientific Research “Demokritos”, Attiki, Greece,
paleos@chem.demokritos.gr:
PASCAL Robert/A. Commeyras, Université de Montpellier, France,

27.06.04 CON, ISBOC-7, Sheffield, UK – 28.05.04 INV, workshop of WG D27/0004/02, Roma, Italy – 01.10.04 CON,
3rd COST D27 workshop, Hersonissos, Greece – 21.06.05 CON, 14th ICOL, Beijing, China

PLASSON Robert/H. Bersini, Univ. Brussels, Belgium,

01.10,04 CON, 3rd COST D27 workshop, Heraklion, Greece. - 09.04 POS, Artificial Life IX, Boston, USA.

POGNI Rebecca, University of Siena, Italy, pogni@unisi.it:
PURRELLO Roberto, University of Catania, Italy, rpurrello@dipchi.unict.it:
REISSE Jacques, Université Libre de Bruxelles, Belgium, jreisse@ulb.ac.be: During the period, I
have published two book chapters, in collaboration with Professor John Cronin from the University
of Tempe (Arizona) on chirality and homochirality problems related to the origin of life. The first
chapter, in French, was published in 2003 by the “Presses Universitaires de Bordeaux” in a book
entitled “Les traces du vivant”. Together with M. Gargaud, B. Barbier and H. Martin, I acted also as
scientific co-editor of this book. Participants to D-27 working groups were authors of chapters
(Ourisson et al, Maurel et al, Commeyras et al.).The second book chapter, in English, was published
by Springer during summer 2005. The title of the chapter is “Chirality and the origin of
homochirality” while the book title is “Lectures in Astrobiology, volume I”. I acted also as
scientific co-editor of this book. In this case too, participants of D-27 working groups are authors of
some of the chapters of this huge volume of more than 700 pages which covers many aspects of
astrobiology. During the period, I gave scientific lectures about the origin of homochirality during a
summer school in France and as invited speaker in various universities in France, Italy and
Belgium. Last but not least, I have delivered more than twenty lectures for non-specialists on
various subjects like “Water on Mars”, “The origin of life” or “The concept of right and left in
science”.
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RIBO José Maria, University of Barcelona, Spain, jmr@qo.ub.es:
RUIZ-MIRAZO Kepa, Mondragon University, Spain, kruiz@eps.muni.es, jmgruiz@ugr.es:
30.09.04 POS, 3rd COST D27 Workshop, Hersonissos, Greece

SALADINO Raffaele, Università degli Studi della Tuscia, Viterbo, Italy, saladino@unitus.it:
SANTOS Mauro, Universitat Autònoma de Barcelona, Spain, mauro.santos@uab.es: 02.04 SEM,

Collegium Budapest, Hungary. - 01.05 SEM, Collegium Budapest, Hungary.

SAVELLI Gianfranco, Università di Perugia, Italy, savelli@unipg.it:
SENTJURC Marjeta, Jožef Stefan” Institute, Ljubljana, Slovenia, marjeta.sentjurc@ijs.si:
SIMONOFF Monique, CNAB, Gradignan, France, simonoff@cenbg.in2p3.fr:
STADLER Peter F., Universität Leipzig, Germany, peter.stadler@tbi.univie.ac.at: 20.06.03 PLE,

CECM-2, Varazdin, Croatia. - 10.03 INV, GdCh annual meeting, Munich, Germany. - 12.03.03 SEM, FU Berlin,
Germany. - 23.06.04 PLE, MCC 2004, Dubrovnik, Croatia. - 30.09.04 INV, 3rd COST D27 workshop, Heraklion,
Crete. - 12.04 INV, ILASOL, Rehovot, Israel. - 07.02.05 SEM, Univ. Oldenburg, Germany. - 04.05 SEM, HsinChu,
China. - 04.05 INV, CNLS Internatl. Conf., , .
STANO, Pasquale, Uniroma3 (IT), stano@uniroma3.it: 29.05.04 CON, COST D27 WG 0004/02 Kickoff
meeting, Rome, Italy. – 01.10.04 CON, 3rd COST D27 Workshop, Hersonissos, Greece. – 02.04.05 CON, ISSOL
Italian Kickoff meeting, Cortona, Italy.

STRAZEWSKI Peter, Université Claude Bernard Lyon 1, France, strazewski@univ-lyon1.fr:

17.10.02 POS, Kickoff COST D27 meeting, Ravello, Italy. – 01.03.05 INV, COST D27 WG meeting : Evolution in
Networks of catalytic species, Bled, Slovenia. – 27.05.05 INV, COST D27 WG meeting: Inside the RNA world, IJM,
Paris, France.

SUTHERLAND John, University of Manchester, United Kingdom, john.sutherland@man.ac.uk:
17.10.02 INV, Kickoff COST D27 meeting, Ravello, Italy.

SVETINA Sasa, University of Ljubljana, Slovenia, sasa.svetina@biofiz.mf.uni-lj.si:
SZATHMÁRY Eörs, ActionVice, Institute for Advanced Study, Budapest, Hungary,
szathmary@colbud.hu: 06.04, 29th FEBS Congress, Warsaw, Poland
TAMULIENE Jelena, MC-member, Institute of Theoretical Physics and Astronomy of Vilnius
University, Lithuania, gicevic@itpa.lt: 13.12.03 2nd COST D27 meeting, Budapest, Hungary. 24.11.04 PACE
meeting, ECLT, Venice, Italy.

TAMULIS Arvydas, MC-member, Institute of Theoretical Physics and Astronomy of Vilnius
University, Lithuania, tamulis@itpa.lt: 17.10.02 Kickoff COST D27 meeting, Ravello, Italy.-05.04.04 .Kickoff

PACE meeting, Venice, Italy. – 24.11.04 PACE meeting, ECLT, Venice, Italy. – 04.02.05 PAs meeting, LANL, Los
Alamos, USA. - 19.07.05 PACE&PAs meeting, LANL, Los Alamos, USA. - 22.08.05 Physics of Life, Krogerup,
Denmark.

The Tamulis group has been involved for many years in quantum mechanical investigations and
design of large organic and biological supermolecules and supramolecules and their self-assembly
[AT et al, Makromol. Chem., Macromol. Symp. 46 181-185 (1991)], electron charge transfer in
light harvesting systems [AT et al, Synthetic Metals,55-57 4685-4690 (1992)], molecular logical
devices [AT & V. Tamulis, Science and Arts of Lithuania,2 40-47 (1994); AT et al, Viva Origino,
26 127-146 (1998)], molecular motors [AT et al, Mol. Cryst. Liq. Cryst., 354 475-484 (2000)].
Current work relevant to COST D27 is focused on quantum mechanical design of new light
harvesting molecular systems in artificial living organisms[Tamuliene.1], and quantum modeling of
self-assembly of PNA, sensitizers, lipid precursors and lipid vesicle to the entire artificial
protocell[Tamulis.1,2]. We also create new molecular quantum logical devices and implement them
to the artificial living organisms[Tamulis.3-10], [Tamuliene.2-4].
THOMAS, Chris, Uniroma3 (IT), thomas@uniroma3.it: 01.10.04 CON, 3rd COST D27 Workshop,
Hersonissos, Greece.

TIGHE Brian J., Aston University, United Kingdom, b.j.tighe@aston.ac.uk:
TOMASIC Jelka, Institute of Immunology, Zagreb, Croatia, jelka.tomasic@imz.tel.hr:
VANDENBEELE-TRAMBOUZE O., Univ. Montpellier, France: 06.04 POS, ISSOL ’05, Beijing,

China.

VON KIEDROWSKI Günter, ActionChair, Ruhr-Universität Bochum, Germany, kiedro@rub.de:

12.04.02 INV, CERC3 Meeting on Biological Aspects of Chemistry, Toulouse, France. - 23.04.02 INV, Gentner-Symp.
2002, Potsdam, Germany. - 12.05.02 INV, Int. symp. under the auspices of the SFB 216 – Natural products and
analogues, synthesis and biology, Univ. Göttingen, Germany. - 25.05.02 INV, Int. workshop on DNA based molecular
construction, IPTH Jena, Germany. - 20.06.02 SEM, Collegium Budapest, Hungary. - 03.07.02 CON, ISSOL ’02,
Oaxaca, Mexico. - 09.07.02 INV, SFC Eurochem 2002, Toulouse, France. - 09.08.02 PLE, ICPOC 16, San Diego,
USA. - 11.09.02 PLE, 15th Int. Round Table on Nucleos., Nucleot. and Nucl. Acids, Leuven, Belgium. - 16.-19.9.02
PLE INV, 2nd Eur. Workshop on Exo/Astrobiology, Graz, Austria. - 30.09.02 INV, Nanobiotec 2002, Münster,
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Germany. - 11.10.02 INV, ISSC XII, Eilat, Israel. - 27.11.02 KEY, Opening of the Dresden Nanoscience Colloquium,
Dresden, Germany. - 05.12.02 SEM, GDCh colloquium, Univ. Hamburg, Germany. - 11.12.02 SEM, GDCh colloquium, Techn. Univ. Freiberg, Germany. - 13.02.03 SEM, Inst. Henri Poincaré, Paris, France. - 21.02.03 INV, 2nd Int.
Symp. Life Sci. Hannover, Germany. - 25.02.03 INV, Int. Symp. on Molecular Structural Basis in Creation and Transfer of Information, Tokyo, Japan (canc.). - 10.04.03 SEM, GDCh colloquium, Univ. Kiel, Germany. - 05.05.03 SEM,
Org. chem. colloquium, Free Univ. of Berlin, Germany. - 22.05.03 SEM, Biophys. colloquium, Univ. Heidelberg,
Germany. - 26.05.03 SEM, Org. chem. colloquium, Univ. Marburg, Germany. - 03.06.03 PLE, DNA9, Madison,
Wisconsin, USA. - 20.06.03 SEM, Wissenschaftskolleg zu Berlin, Germany. - 11.07.03 SEM, Org. chem. colloquium,
RWTH Aachen, Germany. - 16.07.03 PLE, ISMC 2003, Gdansk, Poland. - 14.-17.9.03 PLE, INV, ECAL 2003,
Dortmund, Germany. - 25.09.03 PLE, CLAFQO7, Florianópolis, Brazil. - 30.09.03 INV, NanoBioTec 2003, Münster,
Germany. - 09.10.03 INV, GDCh annual meeting, München, Germany. - 10.10.03 INV, Workshop of SFB-452,
Xanten, Germany. - 13.10.03 INV, Kickoff workshop SONNE, Univ. Dresden, Germany. - 20.10.03 INV, 5. bmb+f
Biotechnologie-Tage, Leipzig. - 14.11.03 PLE, 1st Int. Symp. on Interdisciplinary Studies on Life Systems, Komaba,
Tokyo. - 20.11.03 INV, 3rd Eur. Workshop on Exo/Astrobiology, Madrid, Spain. 13.12.03 INV, 2nd COST D27
meeting, Budapest, Hungary. - 16.12.03 SEM, Max Planck Inst. Polymerforschung, Mainz, Germany. - 22.01.04 SEM,
Dyson Perrins Laboratory, Oxford Univ., UK. - 12.02.04 INV, 2nd workshop SONNE, Univ. Dresden, Germany. 17.02.04 SEM, Mathematical genetics colloquium, Oxford Univ., UK. - 12.03.04 INV, Workshop of SFB-452, Univ.
Essen, Germany. - 19.03.04 SEM, Collegium Budapest, Hungary. - 22.03.04 INV, 320th W.E. Heraeus Seminar:
Nanophysics of DNA, Bad Honnef, Germany. - 06.04.04 INV, PACE kickoff-meeting, Venice Int. Univ., Italy. 26.05.04 SEM, Colloquium in Planetology, Univ. Münster, Germany. - 27.08.04 PLE, ICBP 2004, Gothenborg,
Sweden, canc. due to health issues and given by D27 vice. - 02.10.04 INV, 3rd COST D27 workshop, Heraklion, Crete.
- 02.11.04 PLE, Int. symp. on nano-organization and function, Tokyo, Japan. - 10.12.04 CON, 1st Course of Erice
International School on Complexity, Erice, Italy. - 14.12.04 SEM, Org. chem. colloquium, Univ. Zürich, Switzerland. 15.12.04 INV, Bio Nano Engineering for Nanodevices, Institut Curie, Paris, France. – 13.01.05 SEM, GDCh
colloquium, Univ. Bielefeld, Germany. – 08.04.05 SEM, Astrobiology colloquium, Centro di Astrobiologia, Madrid,
Spain. – 19.04.05 SEM, GDCh colloquium, Univ. Kassel, Germany. – 19.05.05 INV, 1st PACE ann. rev. meeting,
ECLT, Venice, Italy. – 27.05.05 KEY, COST D27 WG meeting: Inside the RNA world, IJM, Paris, France (canc. due
to health issues, sorry Marie Christine!) – 21.06.05 INV, ISSOL 05, Beijing, China (canc. due to health issues). –
27.07.05 PLE, ESOR 10, Univ. La Sapienza, Rome, Italy.
WALDE Peter, ETH Zürich, Switzerland, peter.walde@mat.ethz.ch: 19.10.02 INV, 1st COST D 27
workshop, Ravello, Italy. - 02.10.04 POS, 3rd COST D 27 workshop, Heraklion, Crete. - 08.12.04 INV, 1st Course of
Erice International School on Complexity, Erice, Italy.

WEISSBUCH Isabelle, The Weizmann Institute of Science, Rehovot, Israel,
csweisbu@weizmann.weizmann.ac.il:
ZAGORSKI Zbigniew P., MC-D27 member, Institute of Nuclear Chemistry and Technology,
Warsaw, Poland, zagorski@ichtj.waw.pl: ISSOL member, main objective – any connections of
radiation chemistry and radiobiology to origins of Life and early evolution. Key publications before
joining D-27: Facts and artifacts in attempts to separate racemates with the assistance of ionizing
radiation, Radiat.Phys.Chem. 42, 997-1001 (1993); Radiation chemistry says ‘no’ to manned Mars
missions and to the successful transportation of any life across the outer space, Postepy Techn.Jadr.
41, (2) 17-23 (1998) in Polish. Participation in all MC and D-27 Workshops; section chair in 1st
Workshop (Ravello, 2002); presentation “Radiation chemistry and radiobiology speak out about
low probability of panspermia” on the 2nd Workshop (Budapest, 2003); presentation (+2 coauthors)
“Irreversible, radiation induced dehydrogenation of organic matter” on the 3rd Workshop
(Heraklion, 2004), chairman of the general discussion. Selection of presentations and publications
with indicated affiliation to COST 27: “Radiation chemistry and origins of life on earth”
Radiat.Phys.Chem. 66, 329-334 (2003); “Panspermia” Postepy Techn.Jadr. 46, (2) 42-52 (2003), in
Polish; “Abstraction of hydrogen from organic matter, caused by ionizing radiation in outer space”
14th Int.Conf.Origin of Life, Beijing 2005, extended summary to be published in Origins of Life and
Evolution of Biospheres; “Radiation chemistry in exploration of Mars, Nukleonika 50, (2005) in
print.
ZINTZARAS Elias, National Agricultural Research Foundation, Greece, zintza@med.uth.gr:
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6.3 Web site
http://costchemistry.epfl.ch/docs/D27/d27.htm

6.4 Scientific and Technical Cooperation
vide supra under the header of each working group
6.5 Transfer of results
vide supra under the header of each working group
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meir.lahav@weizmann.ac.il; doron.lancet@weizmann.ac.il; luisi@mat.ethz.ch;
gmancini@uniroma1.it; luigi.mandolini@uniroma1.it; maurel@ijm.jussieu.fr;
mavelli@chimica.uniba.it; mercader@laeff.esa.es; micheau@chimie.ups-tlse.fr;
josé.moura@dq.fct.unl.pt; nakatani@chimie.u-strasbg.fr; laslo@rudjer.irb.hr; laslo@irb.hr;
laslo@faust.irb.hr; R.Nolte@science.ru.nl; desiree@sci.kun.nl; ourisson@chimie.u-strasbg.fr;
paleos@chem.demokritos.gr; pogni@unisi.it; rpurrello@dipchi.unict.it; jreisse@ulb.ac.be;
jmr@qo.ub.es; kruiz@eps.muni.es; saladino@unitus.it; mauro.santos@uab.es; savelli@unipg.it;
marjeta.sentjurc@ijs.si; simonoff@cenbg.in2p3.fr; peter.stadler@tbi.univie.ac.at;
pierre.strazewski@univ-lyon1.fr; john.sutherland@man.ac.uk; sasa.svetina@biofiz.mf.uni-lj.si;
szathmary@colbud.hu; gicevic@itpa.lt; tamulis@itpa.lt; b.j.tighe@aston.ac.uk;
jelka.tomasic@imz.tel.hr; kiedro@rub.de; peter.walde@mat.ethz.ch;
csweisbu@weizmann.weizmann.ac.il; zagorski@ichtj.waw.pl; zintza@med.uth.gr;
laurent.boiteau@univ-montp2.fr;
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