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Supplemental Figure 1.  Reversibility of UV thermal denaturation curves for unmodified and 

8BrG-substituted gcUUCGgc and ggUUCGcc.  Representative forward and reverse UV thermal 

denaturations of (A) gcUUCGgc (○ = 5-95 °C , □ = 95-5 °C), (B) gcUUCGgc (● = 5-95 °C, ▲ 

= 95-5 °C), (C) ggUUCGcc (○ = 5-95 °C, □ = 95-5 °C), and (D) ggUUCGcc (● = 5-95 °C, ▲ = 

95-5 °C) collected at 280 nm every 0.5 °C in P10E0.1; only every 5th data point is shown for 

clarity.  Similar sigmoidal transitions resulting from forward and reverse thermal denaturation 

demonstrates reversibility for the denaturation process and is consistent with two-state behavior. 
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Supplemental Figure 2.  NMR spectroscopic evidence for two-state unfolding of the 

gcUUCGgc and gcUUCGgc hairpins.  NMR chemical shift difference (relative to internal 

phosphate) as a function of temperature for seven resonances, which constitute the seven 

phosphorus atoms in each 8 nt RNA.  31P resonance as a function of temperature was collected 

every 3 °C from 14-74 °C for gcUUCGgc and 13-79 °C for gcUUCGgc.  Nearly identical 

thermodynamic parameters obtained from independent fits of each sigmoidal transition (as 

compared to global fits with UV data, not shown) support the hairpin loop unfolding in concert 

with the stem, consistent with two-state denaturation and absence of any significant RNA 

backbone hydrolysis.  It is worth noting that a 90° counter-clockwise rotation of each panel 

provides for the observation of chemical shift as a function of temperature.  Also, it is important 

to note that the resonance produced by the phosphate buffer is pH-dependent, and a linear 

function of temperature with a positive slope.  Thus, subtraction of this resonance resulted in 

flattened baselines for the sigmoidal transitions of RNA resonances, and addition of the 

phosphate buffer chemical shift to the chemical shift of any RNA phosphorus resonance will 

reconstitute the absolute chemical shift. 
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Supplemental Figure 3.  Typical multiphase relaxation for a hairpin at T>>TM.  At time 

0, a T-jump was applied from 50 to 57.5 °C to ggUUCGcc (TM = 33.3 °C).  Note that for 

the slow phase, absorbance decreases with time, and the amplitude is nearly as large as 

the amplitude of the fast phase.  The relaxation trace was fit to a double exponential (red 

line). 
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