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Quinacridine Derivatives

M.-P. Teulade-Fichou,""* C. Hounsou,! L. Guittat,” J.-L. Mergny,2
P. Alberti,” C. Carrasco,” C. Bailly,’
J.-M. Lehn,' and W. D. Wilson®

'LCIM, College de France, Paris, France
2INSERM, Laboratoire de Biophysique, Paris, U565, France
3Laboratoire de Pharmacologie anti-tumorale, Lille, France
“Department of Chemistry, Georgia State University, Atlanta, Georgia, USA

ABSTRACT

The interaction of monomeric and dimeric quinacridines with quadruplex DNA
has been investigated using a variety of biophysical methods. Both series of com-
pounds were shown to exhibit a high affinity for the G4 conformation with two
equivalent binding sites. As shown from the SPR and dialysis experiments the
macrocyclic dimer appears more selective than its monomeric counterpart.

Key Words: Quadruplex DNA; Molecular recognition; Dibenzophenanthro-
lines.

During the past decade, quadruplex DNA structures have attracted attention
since their formation at the end of chromosomes may inhibit telomerase, an
enzyme which is essential for the unlimited replicative potential of tumour cells.
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Molecular recognition of DNA quadruplexes by synthetic compounds is therefore
a growing field of research which could lead to the development of new anti-cancer
agents. We have synthesized monomeric quinacridine derivatives (MMQ) and
macrocyclic dimers (BOQ) that are able to recognize four-stranded DNA with high
affinities.

The interaction of quinacridines with DNA quadruplexes has been investigated
using oligonucleotides, which mimic the human telomeric repeat sequence and form
intramolecular quadruplexes. Fluorescence resonance energy transfer (FRET) Tm
experiments with the doubly-labeled oligonucleotide F21T revealed a significant
stabilization of the G4 conformation in the presence of MMQI1 (Fig. 1).!"! This effect
is strongly increased with compounds substituted by amino-side chains bearing 4 or
6 positive charges (MMQ3, MMQI10, Fig. 1).""? This recognition was associated
with a potent anti-telomerase activity in vitro (ICsgvalues of 29-300 nM) and MMQs
are thus considered lead compounds.

Biosensor-surface plasmon resonance (SPR) methods indicate also a high affi-
nity of BOQI1 for the quadruplex conformation (K > 1x10’M™') with two equiva-
lent binding sites. Furthermore, competition dialysis experiments confirmed that the
quadrup[lgx binding specificity of BOQ1 is higher than that of the monomeric series
(Fig. 2).
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Figure 1. A) Melting curves of oligonucleotide F21T 5'-Fluo-(GGGT,A)3G3-3' Tamra mea-
sured by FRET. DNA alone, (close squares), +MMQ]1 (open triangles) +MMQ3 (closed dia-
monds); +MMQI10 (open circles). [F21T]=0.2 uM, [MMQ]=[1 uM]. B) Chemical structure
and ATm values.

270 Madison Avenue, New York, New York 10016



11:19 26 January 2011

Downl oaded At:

Recognition of Quadruplex DNA

poly rA (19)
poly rU (18)
poly dA

poly dC (12)
ds26 (11)

Structure

poly d(A-T) (8)
24CTG (7)
psD (6)
24GA (5)

polydA.2polydT (4}

(G,T) triplex (2)
(G,A) triplex (2)
(T,C) triplex (1)

1485

ctDNA duplex (10) E
poly d(G-C) (9) E

triplex
duplex
i-motif
G-quadruple

NEOBa

single strand

7

P
7

NN

ELLUMHIHHIHIHIHHIHHHIHIHIHHIHIHIHM M I MM M M M M M MM

0 0.5 1 1.5 2 25

Bound dye (pM)

Figure 2. Competition dialysis experiments using BOQ; (X=NH). The amount of drug
bound to the various nucleic acid structures is shown as a bar graph. The free ligand concen-
tration in the experiment was 1 uM, and the total concentration of each nucleic acid confor-
mational form was 75 uM (expressed in nucleotides, base pairs, triplets or tetrads).

It is clear that both series of compounds represent an exciting new development
opportunity for targeting DNA quadruplexes.
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