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4-pulse PELDOR background correction 

Original 4-pulse PELDOR time trace and the assumed non-specific background function for 

the time trace of Figure 2e in the manuscript is depictured in Figure S1.  

 
Figure S1  Background correct ion for the 4 -Pulse PELDOR t ime t races of  s ingly  label led dsRNA without  overhang  

 

  



7-pulse CP-PELDOR background correction 

The 7-pulse CP-PELDOR experiments (Figure 2g) exhibit three inversion pulses for the 

coupled spin. Despite the fact that adiabatic sech/tanh inversion pulses are applied, the 

inversion efficiency is not perfect. This leads to unwanted signal contributions arising from 

spins where two or one of the inversion pulses only inverts the coupled spin. With our published 

procedure (Spindler et al. 2015) an undisturbed time trace (Figure 2h) can be derived. All 

correction steps to obtain the final dipolar time trace shown in Figure 2h are depictured in 

Figure S2.  

 

Figure S2  7 -pulse CP-PELDOR data of  s ingly  labe l led dsRNA without  overhang.  Top f igure:  The exper imental  
raw t ime t race is  shown in blue.  In b lack are shown the decay funct ions for  the di f ferent  possible dipolar 
pathways.  The product  of  al l  o f  them is  shown in red .  The background corrected dipolar s ignals af ter subtract ion 
of  the unmodulated part  and renormal izat ion is  shown in green.  Bot tom f igure:  Background corrected PELDOR 
t ime t race in green and the ar tefact  corrected t ime t race ( l ight  blue) .  The sum of  al l  ar tefacts  is  shown in black.   

 

 

  



Determination of modulation depths parameter   

The modulation depths reported in Figure 3 and 4 of the main text were extracted from the 

following raw PELDOR time traces (Figure S3). 

 

 

Figure S3  Raw 4-pulse-PELDOR traces of s ingly  label led dsRNA. a) T ime t races of dsRNA samples w ith one 

nucleot ide overhang for three di f ferent  monovalent  NaCl sal t  concentrat ion as depicted in the f igure legend .  b) 
T ime t races of  dsRNA samples without  any overhang for s ix  di f ferent  sal t  concentrat ion as d epicted in the f igure  
legend.  c) and d) T ime t races of  dsRNA samples with one nucleot ide overhang for di f ferent  RNA concentrat ion s 
as depicted in the f igure legend s.  c) Experiments for a sal t  concentrat ion of  500 mM  and d) for a sal t 
concentrat ion of  200 mM.  

For short times t < 0.8 s ,the background deviated slightly from a straight exponential. 

Therefore, for the singly labelled dsRNA with one nucleotide overhang a higher dimensional 

(D=4) background was used. This higher dimensional background might be due to a very small 

remnant stacking probability between the protected ends or to an excluded volume effect. As 

demonstrated in Figure S4, such uncertainties in the determination of the background function 

does only very weakly influence the determination of the modulation depth parameter . This 

uncertainty was taken into account and reflects the error bars of the stacking probabilities p 

shown in all figures.   



 
Figure S4  Background correct ion for the 4 -pu lse PELDOR t ime t races of  s ingly  labe l led dsRNA with one 
overhang.  On the lef t  s ide ,  the or ig inal  exper imental  data are shown in blue and the background  in red.  On the 
r ight  s ide,  the background corrected form factors  are depictured .  Background correct ion was done with  
DeerAnalys is  in a)  with a three dimensiona l background  and in b) with a four  dimensional  background.  As can 
be seen the chosen background d imensional i ty  does only  s l ight ly  af fect  the value for the modulat ion depth  (<5%).    

  



Detection of the excitation efficiency λ 

To detect the excitation efficiency λ a nitroxide biradical (Schöps et al. 2015, structure depicted in 

Figure S5) was measured with the same pulse parameter than the dsRNA samples. As for the model 

compound all spins are quantitatively dipolar coupled, the modulations depth only depends on the 

excitation frequency. An excitation efficiency of 0.36±0.05 was determined from three independent 

measurements (Figure S5). 

 

Figure S5  Three background corrected  4-pu lse-PELDOR t ime t races ( two shown in gray and one in blue) 
measured with  the bin i t rox ide  model compound shown on the r ight .  

  



Stacking probability p and dissociation constant Kd for samples with 

different RNA concentrations 

To confirm that Kd only depends on the salt-to-RNA ratio R and not the absolute salt 
concentration, we have measured two samples with an equal salt-to-RNA ratio of 2000 but 
with different RNA concentrations. The signal time trace for the sample with higher RNA 

concentration (blue PELDOR time trace, Figure S6a) has an increased modulation depth  
and therefore a higher stacking probability p compared to the time trace with lower RNA 
concentration (black curve). Both data points for p fit within experimental error to equation [5], 

described in the manuscript for a dissociation constant Kd = 460 M. This dissociation constant 
was read-off from Figure 4b for a fixed salt-to-RNA ratio of R=2000.   

 

Figure S6  (a) PELDOR measurements with RNA duplexes having one overhang.  Both samples are di f ferent  in  
their  RNA concentrat ion but  ident ical  in the ir  sal t - to-RNA rat io.  Black :  c(RNA) =100 µM; c(NaCl)= 200 mM . Blue:  
(c(RNA) =250;  c(NaCl)=500 mM  (b) Stacking probabi l i ty  o f  dsRNA in relat ion to the RNA concentrat ion.  The 

dot ted l ine indicate the expected behaviour fo l lowing equat ion [5]  f rom the main text  with a constant  Kd  of  460M 
(corresponding to a sal t - to-RNA rat io of  2000 ,  see Figure 4 main text) .  

 

Moreover it can be shown that also all the measurements with varying RNA concentrations 

(shown in the main text in Figure 5a) fall onto the curve Kd(R) extracted from the measurements 

with varying salt concentration and a constant RNA concentration (Figure 4b main text). The 

results are shown in Figure S7. 

 

Figure S7  Dissociat ion constant  Kd  der ived f rom experiments  with di f ferent  RNA concentra t ion s and two constant  
sal t  concentrat ion (2 00 mM NaCl (blue) and 500 mM NaCl (orange)).  The dot ted l ine is  the Kd  dependency on R  
extracted f rom measurements with a constant  RNA concentrat ion and di f ferent  sal t  concentrat ions  (F igure 4b of  
the main text) . ’   

 

 



Calculation of stacking probability for samples without overhang 

For samples with one overhang, only dimerization of the dsRNAs is possible. However, 

dsRNAs without any overhang are able to form higher oligomers. As stated in the main text 

the modulation depth Δ depends on the excitation efficiency λ of the nitroxide spin label and 

the number of coupled spins n. If higher oligomers occur, more than two spin labels are coupled 

to each other. For n spins coupled, the modulations depth can be calculated to (Bode et al. 

2005) 

Δ = 1 − (1 − 𝜆)𝑛−1      [S1]  

with  being the excitation efficiency defined before. 

The probability for a specific oligomeric state P(n) depend on the stacking probability p of the 

dsRNA duplex  and is given by: 

𝑃(𝑛)  =  𝑀 𝑝𝑛−1                           [S2] 

with M being the probability of the monomer. The normalization condition P(n)=1 and the 

convergence of the geometric series leads to  

      𝑃(𝑛)  = (1 − 𝑝)𝑝𝑛−1     [S3] 

Therefore, the overall modulation depth for dsRNA molecules without overhang can be written 

as: 

Δ = (1 − 𝑝) ∑ (1 − (1 − 𝜆)𝑛−1)𝑝𝑛−1𝑛=∞
𝑛=1   [S4] 

Again, the infinite sum can be written as two geometric series, leading to the following solution: 

                                                             𝑝 =
∆

(∆+𝜆−𝜆Δ)
                                                           [S5] 

The experimental modulation depth  for measurements with (blue) and without (green) 

overhangs are shown in Figure S8a. The resulting stacking probabilities p (Figure S8b) for 

samples with overhang can be calculated with p=Δ/λ. For the samples without overhang, the 

stacking probability was calculated according equation S5. As can be seen, both samples lead 

to the same ‘end-to-end’ stacking probabilities p.   

 

Figure S8  Dependence of  the stack ing probabi l i ty  to the sal t - to-RNA rat io.  Lef t  s ide:  Modulat ion depth Δ  
extracted f rom the PELDOR t ime t races.  Green data points  represents the measurements without  overhang whi le 
the blue rectangles show the experiments f rom samples  with one overhang.  The error of  the determined 
modulat ion depth  was est imated to be 10 % (see above) .  Right  s ide:  Calculated stack ing probabi l i t ies  p  for  the 
samples with  one overhang (b lue) and without  overhang (green).  For  the calcu lat ion of  p  the respect ive formulas  
were used (see above).   
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