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GGGGCC repeats 
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Nucleotide repeat expansion in human diseases 

Zhang, N., Ashizawa, T.  
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Expansion of GGGGCC repeat within C9orf72 gene is the most common genetic cause of ALS and FTD 

Nucleotide repeat expansion in human diseases: ALS and FTD 

Usdin K, House NCM, Freudenreich CH. Critical reviews in 
biochemistry and molecular biology. 2015; 50(2) :142-167.  
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G-quadruplexes: unusual four-stranded structures formed by guanine rich nucleic 
 acids in the presence of K+ or Na+ ions 



H. J. Lipps, D. Rhodes, Trends in Cell Biology 2009, 19, 414. 

G≥3NxG≥3NxG≥3NxG≥3 

Potential G-quadruplex forming sequences are enriched in some  
critical parts of the human genome 

gene promoters (especially 
oncogenes) 
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Hypothesis: unusual secondary structures adopted by GGGGCC repeat contribute to repeat 
instability  

DNA repair (non-dividing cells) 

Mirkin, S.M., Nature, 2007,  447(21): 932-940. 

DNA replication (dividing cells) 



Hypothesis: unusual structures adopted by GGGGCC repeats initiate a 
pathogenic chain of events 

Haeusler, A.R., et al., Nature, 2014, 507: 195–200. 



Nuclear magnetic resonance (NMR): detection of G-quadruplex formation 

K+ Glick, B. R., in al,  Molecular Biotechnology: principles and applications of recombinant 
DNA  4th ed., American Society for Microbiology, Washington, 2010. 
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Nuclear magnetic resonance (NMR): structure determination 
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18.8 Tesla superconducting magnet 



Oligonucleotide model of GGGGCC repeat folds into two major G-quadruplex structures 

J. Brčić, J. Plavec, Front. Chem. Sci. Eng. 10 (2016) 222–23. 

5' -   d(GGGG CC GGGG CC GGGG CC GGGG)   -  3' G≥3NxG≥3NxG≥3NxG≥3 

d[(G4C2)3GGGG] 

d[(G4C2)3GGBrGG] 

locks residue in syn conformation 

G21 to BrG21 

J. Brčić, J. Plavec, Biochimica et Biophysica Acta, Available online 14 November 2016. 



30% : 70% 50% : 50% 80% : 20% 

Two folding condition determine relative populations of AQU and NAN 

J. Brčić, J. Plavec, Biochimica et Biophysica Acta, in press. 
both structures are extremely stable 



AQU and NAN share a similar antiparallel fold but exhibit distinct 
structural features 

J. Brčić, J. Plavec, Biochimica et Biophysica Acta, in press. 
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AQU and NAN share a similar antiparallel fold but exhibit distinct 
structural features 

 NAN 

J. Brčić, J. Plavec, Nucleic Acids Research 43 (2015) 8590-
8600. 

J. Brčić, J. Plavec, manuscript in preparation. 
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