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We report an original strategy to transcribe and to fix supramolecular guanosine
architectures in self-organized polymers. In the first resolution step, the G-quartet and G-
quadruplex architectures are pre-amplified in solution in the presence of K* cations from a
dynamic pool of ribbon-type or cyclic supramolecular architectures. Then in a second
selection polymerization step, the G-quadruplex is kinetically fixed in a covalent
polymethacrylate network via an irreversible amplification step. Both supramolecular
and polymeric components mutually (synergistically) adapt their spatial constitution
during simultaneous (collective) formation of micrometric self-organized hybrid domains.
This contributes to the high level of adaptability and correlativity of the self-organization of
the supramolecular G-quadruplexes and of the polymeric systems. Biomimetic-type
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hybrid systems can be generated by using this strategy.
© 2015 Académie des sciences. Published by Elsevier Masson SAS. All rights reserved.

1. Introduction

Constitutional self-assembly provides evolutional
approaches for the generation of functional systems
through the implementation of reversible exchanges
between different complex architectures of variable
functionality [1,2]. Much efforts continue to be undertaken
on complex systems, which have been identified as an
especially promising means to explore the chemical space
with natural selection of their structural and functional
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behaviours [3]. These new concepts may be connected
today with the simple definition of Dynamic Multicompo-
nent Self-assembly in chemical and biological systems
[4]. They concern collections of molecular/supramolecular
objects reversibly exchanging and continuously organizing
at the nano- or macroscopic levels.

A representative example is related to the architecture,
the H-bonded supramolecular macrocycle formed by the
self-assembly of four guanosines and stabilized by alkali
cations. It may embody an important constitutional
(spatial and interactional) reorganization with different
G-networks, dynamically exchanging between G-ribbons
and G-quartets or their stacked tubular G-quadruplexes
(Fig. 1) [5a].

Although discovered in the 1960s [5b], the functionality
of the artificial G-quadruplexes as ion-channels and their
direct quantification in human cells have been only

1631-0748/© 2015 Académie des sciences. Published by Elsevier Masson SAS. All rights reserved.


http://crossmark.crossref.org/dialog/?doi=10.1016/j.crci.2015.03.019&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1016/j.crci.2015.03.019&domain=pdf
http://dx.doi.org/10.1016/j.crci.2015.03.019
mailto:mihail-dumitru.barboiu@univ-montp2.fr
http://www.sciencedirect.com/science/journal/16310748
http://dx.doi.org/10.1016/j.crci.2015.03.019

A. Meffre et al./C. R. Chimie 18 (2015) 960-965 961
mpes A '
: O N H : - .
. ) oty N -; - recognition functions
polymerizable groups <& - -, o :( fL,J\ '
~sEEEa 1 s N NTNH, )
O_ ;;;;;;;;;;;;
e
0 o3, r o0 | o o
0 o 0 o o o) ) o 0
O—1e »CTo o S o ] o) . o
2 o O— 1o o +0 H H
H N_N NN (0] ® (N N_N (‘N N (‘N NrN
\H’N-(N-H- b 'O"I-L HN-H N =0 H LW - . N4 [\T " N l N H< N I N H
“OXUN-HN He L N T H NHeN =0, Oy GH Q9 H OHLTQH OH
_\=< HiY, Heeg _N--H-N H.___N<x =N T SN NH 2 NN NN LS .
N N Nl OX_N--H-N H._ e B A H N |N<,\NAH "N‘N'*N'H N
<« N™N )
N_N L H
o] @ o] 2 0 o o Ho o 9 "
o) o o Q) 5 \[H'\ 0 \fﬁ\o o] IO OO
(e} O (e} o
o o
SS ARV o e Y
Ribbon A ﬂ. Ribbon B
Do X,
OCO\‘O N p .
N—‘\N"H_N)—N e OTK )\ro
NS N o S m L
1 sy -H A 4% o B
H-N""N""O o N o == @ e
o ! H o 0
TR @ L h Ay -
0 N2 N-H
e R He g N 0 0
Q N H
o] ) NN
S "o 3
S Ea®
\\{ko
G-quartet G-Octamer G- Quadruplex

Fig. 1. Dynamic exchanges between supramolecular architectures G-ribbons, G-quartets or G-quadruplexes in the presence of ionic chemical effectors (red

sphere).

recently emphasized [6]. Liposomes [7], surfaces [8],
dynamers [9], hybrid materials [10,11], mesoporous silica
[12] or silicon [13] have been used as scaffolding matrices
to stabilize and to orient the anisotropic directional G-
mesophases.

We have recently showed that sol-gel selection can be
used as an irreversible kinetic process in order to stabilize
the G-quadruplex and to provide long-range amplification
of its supramolecular chirality into hybrid organic-
inorganic twisted nanorods. This may be followed by a
second inorganic transcription via calcination into inorganic
replica materials, when silica microsprings can be obtained
[10]. A second used strategy is related to the implementa-
tion of dynamic hydrophobic non-covalent [11a] or
reversible-covalent iminoboronate [11a] interactions be-
tween the supramolecular G-quadruplexes and the silox-
ane/polymeric constituents. The reversibility of the
interactions between components represents a crucial
factor and, accordingly, a dynamic reversible hydrophobic
interface might render the emergence of organic/inorganic
mesophases self-adaptive. They mutually may adapt their
3D spatial distribution based on their own structural
constitution, during the simultaneous formation of hybrid
self-organized domains. [14] It is known that the
multicomponent self-assembly of the G-quadruplexes

superstructures can be also achieved by using the
reversible metathesis polymerization reaction, as previ-
ously demonstrated by Davis et al. [15].

We hypothesized that the stabilization of guanosine
supramolecular architectures may be obtained via a
classical polymerization process. Herein we describe this
strategy by using 5-methacrylate guanosine, Gy, self-
assembling in solution in G-quadruplexes, followed by
their irreversible transcription in an organic polymeric
network via intermolecular cross-linking of methacrylate
end groups. These results provide new insights into the
basic features that control the convergence of supramo-
lecular self-organization and polymerization process
toward functional materials at the nano(micro)level.

2. Experimental
2.1. Materials and methods

All reagents were obtained from Aldrich and used
without further purification. All organic solutions were
routinely dried by using sodium sulfate (Na,SO4). Poly-
merizations were performed under an inert atmosphere of
nitrogen, using standard Schlenk techniques. Tetrahydro-
furan was dried and distilled prior to use over Na. The
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