
  

NMR Characterization of a Multiple Myeloma-Associated lncRNA G-
Quadruplex and Its Ligand Interactions 

 
Giuseppe Satta1, Valentina Arciuolo2, Massimo Carraro3, Katia Grillone4, Jussara 

Amato2, Janez Plavec1, Bruno Pagano2 
1Slovenian NMR Centre, National Institute of Chemistry, Hajdrihova 19, 1000 Ljubljana, Slovenia 

2Department of Pharmacy, University of Naples Federico II, Naples 80131, Italy 
3Department of Chemical, Physical, Mathematical and Natural Sciences, University of Sassari, Via 

Vienna 2, Sassari 07100, Italy 
4Department of Experimental and Clinical Medicine, Magna Græcia University, Catanzaro, Italy 

giuseppe.satta@ki.si 
 

Multiple myeloma (MM) is an incurable haematological malignancy that 
affects plasma cells in the bone marrow. The long non-coding RNA (lncRNA) 
RP11-350G8.5 has recently been identified as a new therapeutic target, as it is 
selectively required for the survival of MM cells. Bioinformatic and biophysical 
analyses revealed that a G-rich region of this lncRNA, beginning at nucleotide 
1051 (hereafter 1051), displays a marked propensity to fold into a G-
quadruplex (G4), although its three-dimensional architecture and druggability 
remained unestablished. By nuclear magnetic resonance (NMR) spectroscopy, 
we determined the solution structure of the 1051 RNA G4, revealing a parallel 
topology comprising a canonical G-tetrad stacked on an adenine-expanded 
G(:A):G:G(:A):G hexad; two such units further self-associate into a dimer 
through hexad-hexad stacking. We then characterised the molecular 
recognition of this scaffold by a novel indole-based cationic ligand, MLC2507, 
synthesised via the Nenitzescu reaction. MLC2507 binds the 1051 G4 with low-
micromolar affinity, forming a well-defined 2:1 (ligand:dimer) complex in 
which two ligand molecules interact with the external G-tetrads through tilted 
end-stacking interactions, leaving the tetrad-hexad architecture unperturbed, 
as established by the NMR structure of the complex. Furthermore, MLC2507 
reduced cell viability and induced apoptosis in an RP11-350G8.5-dependent, 
bortezomib-resistant MM cell model, while sparing healthy peripheral blood 
mononuclear cells. Altogether, this study provides the first solution NMR 
structure of a small-molecule complex with a disease-associated lncRNA-
derived G4, establishing a structural framework for the rational design of 
ligands and chemical probes targeting lncRNA G-quadruplexes in multiple 
myeloma. 
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