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S1: 150 ms NOESY base (H6/H8) to sugar (H1’) pathway for RP hybrid (A) and SP hybrid (B).  

DNA pathways and cross peaks shown in orange. RNA pathways and cross peaks shown in 

purple. Inter-strand cross peaks labeled in red. Sample conditions: ~1.0 mM duplex 10 mM 

sodium phosphate, 100 mM NaCl, 0.1 mM EDTA, pH* 6.6, 298 K, 
1
H referenced to DSS.  

 

 

 

 

 

 



 
 

 

S2: � ε torsion angles for RP hybrid, �  ε torsion angles for SP hybrid. � Data not available, 

value measured from final NMR structure.  
a
 Values from Blackburn, Nucleic Acids in 

Chemistry and Biology 3
rd

 edition.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
 

 

 

S3: {
31

P} Low flip angle COSY.  DNA H1’–H2’1 and H1’–H2’2 cross peaks at the ends of each 

duplex are shown.  RP hybrid cross peaks shown in red and green, SP hybrid cross peaks in 

yellow and blue.  Aligning each set of cross peaks reveals that 
3
JH1’-H2’1, 

3
JH1’-H2’2, and ∑ JH1’ are 

identical.  

 

 

 

 

 

 

 

 

 

 

 



 
 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 
S4: Chemical shifts for RP hybrid SP hybrid and Control hybrid. 

1
H chemical shift assignments 

were determined for both duplexes from 2D NOESY pathways, with the assistance of 2D 

TOCSY and COSY experiments. Sugar H3’ and H4’ chemical shifts were used to assign the 
31

P 

resonances via HPCOR experiments. Sample conditions are analogous to supporting information 

1.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
 

 

 

 

S5: Helical properties of the final NMR BH3 modified DNA / RNA structures. RP hybrid value 

in red, SP hybrid values in blue. Structures are consistent with previously published DNA RNA 

hybrids. (19, 22) 

 

 

 

 

 

 



 
 

 

S6:  A) Summary of DNA sugar pucker (fraction south / 2’ endo conformation) analysis. RP 

hybrid DNA dominant sugar pucker (�) and SP hybrid dominant DNA sugar pucker (�) derived 

from coupling constants using graphical method developed by (13) light color shaded rectangles 

and diamond ranges are estimated based on 
13

C1’ chemical shifts and NOESY intensities.  Sugar 

pucker of an unmodified DNA RNA hybrid (�) previously published (22) 

B) 
13

C1’ chemical shifts for the RP hybrid (�) and SP hybrid (�).  

C, D) Table of base (H8 / H6) to sugar (H1’, H3’, and H4’) intensities. For the SP hybrid G6 H8-

H1’ and H3’-H1’ cross peaks have similar intensities and chi’s as G3. For G4, H8-H3’ and H8-

H4’ are more intense compared to the corresponding G3 and G6 cross peaks establishing a more 

favored N type pucker. This is also supported by a higher C1’ chemical shift observed for G4. 

(Higher C1’ ppm indicative of a more dominant N type sugar.) Comparing T5 C1’ to T2 C1’ and 

the RP T2 C1’ and T8 C1’ suggests the highest N population for T5 among all thymine sugars. 

Additionally this is supported by the increase in T5 H6-H3’ intensity compared to SP T2 and RP 

T2 (compare ratio of H6-H3’/H6-H1’ when looking between hybrids, RP T2 ~ 1.2/1, SP T2 ~ 

1.25/1, SPT5 ~ 1.8/1).  

 For the RP hybrid G3 and G6 have a lower C1’ compared to G4 indicating a more great N 

type population. With muddled trends observed in the cross peak intensities (significant amount 

of overlap) similar C1’ chemical shifts for SP G3 and G6 suggest mixed populations with a 

possible slightly favored N conformation.   
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S7: Complete description of BH3 parameters for structure derivation. 

 

 

 

 

 

 

 

 



 
 

S8A 



 
 

S8B 

 

S8 A, B: Table of RDC parameters for both modified hybrids. Calculated values (Calc.) were 

derived from the final structures using Amber 9.0. Experimental values (Exp.) are derived from 

the difference between measured couplings in the presence and absences of pf1 bacterial phage. 

Penalties were calculated by Amber 9.0 using a dwt of 1.0.   

 

 

 



 
 

 

 

S8 C 

 



 
 

S8 D 

 

S8 C,D: Plot of back calculated RDC values using REDCAT vs. experimentally measured 

values.  R
2
 values for RP hybrid 0.987 (C), and SP hybrid 0.998 (D). 

 


