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SUPPLEMENTARY FIGURE LEGENDS 

 

Fig. S1.  Monitoring folding topology with CD absorption spectra: A comparison of CD spectra 

for sequences containing single position substitutions in (a) residue 3, (b) residue 9, (c) residue 

15, (d) residue 16, (e) residue 21, and (f) residue 22.  Sequences containing 8-bromo-guanine 

(solid line), 8-O-methyl-guanine (dotted line) and 8-amino-guanine (dashed line) modifications 

are presented. (g) CD spectra for multiple-position substitutions are presented for sequences Br-

9-22 (solid line), Br-9-Omet-22 (dotted line), and Br-9-Am-22 (dashed line). The unmodified 

sequence (solid grey line) is again shown as a reference. 

 

Fig. S2. Imino proton NMR spectra for the (a) unmodified sequence, as well as modified 

sequences (b) Br-9, (c) Omet-9, (d) Am-9, and (e) Oxo-9 containing a single substitution to syn 

residue 9. The unmodified spectrum is labeled with the residue numbers with circled numbers 

representing guanines within the modified G9•G3•G21•G17 tetrad and the modified residue 9 

shaded grey. Dotted lines identify the chemical shift of imino protons from the unmodified 

spectra for guanines located outside of the modified tetrad. Black dots indicate the chemical 

signature of individual imino proton resonances. 

 

Fig. S3. Imino proton NMR spectra for the (a) unmodified sequence, as well as modified 

sequences (b) Br-15, (c) Omet-15, (d) Am-15, and (e) Oxo-15 containing a single substitution to 

syn residue 15. The unmodified spectrum is labeled with the residue numbers with circled 

numbers representing guanines within the modified G15•G23•G5•G11 tetrad and the modified 

residue 15 shaded grey. Dotted lines identify the chemical shift of imino protons from the 

unmodified spectra for guanines located outside of the modified tetrad. Black dots indicate the 

chemical signature of individual imino proton resonances. 

 

Fig. S4.  Imino proton NMR spectra for the (a) unmodified sequence, as well as modified 

sequences (b) Br-16, (c) Omet-16, and (d) Am-16 containing a single substitution to syn residue 

16. The unmodified spectrum is labeled with the residue numbers with circled numbers 

representing guanines within the modified G16•G22•G4•G10 tetrad and the modified residue 16 

shaded grey. Dotted lines identify the chemical shift of imino protons from the unmodified 
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spectra for guanines located outside of the modified tetrad. Black dots indicate the chemical 

signature of individual imino proton resonances. 

 

Fig. S5.  Imino proton NMR spectra for the (a) unmodified sequence, as well as modified 

sequences (b) Br-21, (c) Omet-21, and (d) Am-21 containing a single substitution to syn residue 

21. The unmodified spectrum is labeled with the residue numbers with circled numbers 

representing guanines within the modified G21•G17•G9•G3 tetrad and the modified residue 21 

shaded grey. Dotted lines identify the chemical shift of imino protons from the unmodified 

spectra for guanines located outside of the modified tetrad. Black dots indicate the chemical 

signature of individual imino proton resonances. 

 

Fig. S6.  Imino proton NMR spectra for the (a) unmodified sequence, as well as modified 

sequences (b) Br-22, (c) Omet-22, and (d) Am-22 containing a single substitution to anti residue 

22. The unmodified spectrum is labeled with the residue numbers with circled numbers 

representing guanines within the modified G22•G4•G10•G16 tetrad and the modified residue 22 

shaded grey. Dotted lines identify the chemical shift of imino protons from the unmodified 

spectra for guanines located outside of the modified tetrad. Black dots indicate the chemical 

signature of individual imino proton resonances. 

 

Fig. S7. Imino proton NMR spectra for the (a) unmodified sequence, as well as modified 

sequences (b) Br-9-22, (c) Br-9-Omet-22, and (d) Br-9-Am-22 containing a substitution to syn 9 

and anti residue 22. The unmodified spectrum is labeled with the residue numbers with circled 

numbers representing guanines within the modified G22•G4•G10•G16 or G9•G3•G21•G17 

tetrads and the modified residues 9 and 22 shaded grey. Dotted lines identify the chemical shift 

of imino protons from the unmodified spectra for guanines located outside of the modified tetrad. 

Black dots indicate the chemical signature of individual imino proton resonances. 

 

Fig. S8. Normalized melting curves for sequences containing single-position substitutions of (a) 

8-bromo-guanine, (b) 8-O-methyl-guanine, (c) 8-amino-guanine and (d) 8-oxo-guanine as well 

as (e) multiple-position substitutions: Sequences containing single-position syn substitutions 

(solid line) are shown for residues 3 (circle), 9 (square), 15 (diamond), 16 (downwards triangle), 
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and 21 (upwards triangle). Sequences containing single-position anti substitutions (dotted line) 

are shown for residue 22 (square). The unmodified sequence is shown for reference. (grey dotted 

line) 

 

Fig. S9.  Raw UV absorption data for thermal denaturing experiments: Markers indicate data 

points from the cooling curve. The heating curve is represented by a solid line. Data for single 

position substitutions is presented for substitution into (a) residue 3, (b) residue 9, (c) residue 15, 

(d) residue 16, (e) residue 21 and (f) residue 22 for guanine derivatives 8-bromo-guanine (circle), 

8-O-methyl-guanine (square), 8-amino-guanine (diamond) and 8-oxo-guanine (triangle). 

Thermal denaturing data for (g) Multiple-position substitutions and (h) the unmodified sequence 

is also presented. 

 

Fig. S10. Observation of 8-bromo-guanine modification driven change in imino proton chemical 

shift: (a) The NMR imino proton spectrum of the unmodified spectrum is presented as a 

reference with labeled resonances. The spectra of sequences containing single-position syn 8-

bromo-guanine substitutions including (b) Br-3, (c) Br-9, (d) Br-15, (e) Br-16, (f) and Br-21 are 

presented with accompanying 
15

N-labeling experiments identifying unambiguously the 

resonance of the Gδ imino proton. (reference Figure 4). Arrows are used to indicate the 

magnitude and direction of change in chemical shift for the Gδ imino proton.   

 

Fig. S11. Observation of 8-O-methyl-guanine modification driven change in imino proton 

chemical shift: (a) The NMR imino proton spectrum of the unmodified spectrum is presented as 

a reference with labeled resonances. The spectra of sequences containing single-position syn 8-

O-methyl-guanine substitutions including (b) Omet-3, (c) Omet-9, (d) Omet-15, (e) Omet-16, (f) 

and Omet-21 are presented with accompanying 
15

N-labeling experiments identifying 

unambiguously the resonance of the Gδ imino proton. (reference Figure 4). Arrows are used to 

indicate the magnitude and direction of change in chemical shift for the Gδ imino proton.  

 

Fig. S12. Observation of 8-amino-guanine modification driven change in imino proton chemical 

shift: (a) The NMR imino proton spectrum of the unmodified spectrum is presented as a 

reference with labeled resonances. The spectra of sequences containing single-position syn 8-
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amino-guanine substitutions including (b) Am-3, (c) Am-9, (d) Am-15, (e) Am-16, (f) and Am-

21 are presented with accompanying 
15

N-labeling experiments identifying unambiguously the 

resonance of the Gδ imino proton. (reference Figure 4). Arrows are used to indicate the 

magnitude and direction of change in chemical shift for the Gδ imino proton.  

 

Fig. S13. Imino and aromatic proton regions of the NMR spectra for the (a) unmodified, (b) Br-

3, (c) Br-9, (d) Br-15, (e) Br-16, (f) Br-21, (g) Br-22 and (h) Br-9-22 sequences. 

 

Fig. S14. Imino and aromatic proton regions of the NMR spectra for the (a) unmodified, (b) 

Omet-3, (c) Omet-9, (d) Omet-15, (e) Omet-16, (f) Omet-21, (g) Omet-22 and (h) Br-9-Omet-22 

sequences. 

 

Fig. S15. Imino and aromatic proton regions of the NMR spectra for the (a) unmodified, (b) Am-

3, (c) Am-9, (d) Am-15, (e) Am-16, (f) Am-21, (g) Am-22 and (h) Br-9-Am-22 sequences. 

 

Fig. S16. Imino and aromatic proton regions of the NMR spectra for the (a) unmodified, (b) 

Oxo-3, (c) Oxo-9, (d) Oxo-15 sequences. 
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