, _

% CENTRE NATIONAL - ;
DE LA RECHERCHE ;

nnnnnnnnnn T\

Constitutional sol-gel transcription
of nucleobases self-assembly codes

Mihai Barboiu
Adaptative Supramolecular Nanosystems Group

Institut Européen des Membranes
Montpellier, France



Informed molecular
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andicemplexity

Supramoleculz
self-organization

dApramolecular
function

The complexity of the supramolecular assemblies reveals
the ways towards the fabrication of new functional materials



Going to funetional supramelecular cevicaS.«.ny sel-assembly

Despite the thermodynamic stability of the assemblies resulted from simple
molecular components they are in dynamic equilibrium between monomer and
supramolecular oligomers and only few examples clearly showed single-
channel activity in lipid bilayers (40 A)
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Self-organisation in Self-disorganisation in
supramolecular matter macroscopic matter

Why do problems accumulate in self-organizing
self-replicating & self-maintaining matter ?



Self-organisation in Self-disorganisation
supramolecular matter in nanometric matter

Improve the binding efficiency
of supramolecular assemblies

Improve the communication
efficiency between supramolecular z
. o, BT E

and polymeric components  fa i

Adaptative reversible
polymeric networks



Nucleobases as supramolecular synthons
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« High ability to form directionally
controlled multiple intermolecular H-
bonds of complementary nature -
Thermodynamic control

 They form a very diverse set of
Interconverting supramolecular
entities via the combination of H-bond
pairings- Diversity

* High functionality

J. L. Sessler et al. Chem Commun. 2005, 1939 or
Chem Soc. Rev.. 2007, 314

J. T. Davis, Angew. Chem. Int. Ed. 2004, 43, 668

S. Shinkai Angew. Chem. Int. Ed. 2004, 43, 3279.
S. T. Rowan, Chem. Soc. Rev. 2005, 34, 9



Diverse set of supramolecular entities
may be generated by using only adenine and uracil
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Correlation between calculated interplanar dg, g; distances
and experimental interplanar Bragg diffraction distances.
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dy o A

Intensity § AL

Constitutional Watson-Crick packing of the
Uracil hybrid material
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Constitutional Hoogsteen packing of the
Adenine hybrid material
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dy . A

Constitutional A,,,cU,, packing of the Adenine-Uracil
hybrid material o
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Toware a constitutional transcription
ol base-palring codes n hybric materials.
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Bérquadruples >;<,

< ,l\ et
»identification in 1962 &

» Tubular H-bond superstructures stabilized
in the presence of ions (K*, Na*, Ba?+,...)

»Presumed ion-channelling functions: although stable
in organic solvents they do not seem to have defined
transport functions in hydrophobic membranes

> Barrel-stave (Matile)
Lipophilic, calix[4]arene (Davis, Gottareli, Spada)
8-aromatic -guanosine- (Sessler) conjugates have
been used to stabilize the formation of G-quartets.




-quadruplex

K. Phillips, Z. Dauter, A.l.H. Murchie, D.M.L. Lilley, B. Luisi, J.M.B., 1997, 171
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Transcription and amplification
of supramolecular chirality

Communications

sm“ Archi - D00 1001007 fane 200 FOOFE P

Amplification and Transcription of the Dynamic Supra-
molecular Chirality of the Guanine Quadruplex®*

risdisrir A taiabin sl uinn o Complex dynamic feedback
between achiral molecular
partners gives rise to the
chiral supramolecular

architecture which can be

amplified with a collective
behaviour by using the a
well adapted transcription

strategy.

Angew. Chem. Int. Ed. 2007, 46, 4268.




Functional G-Quartet Macroscopic Membrane Films
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Functional G-Quartet Macroscopic lMembrane Films
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