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Supplementary Table S1. A comparison of PNA backbone torsion angles in published structures 

 
Values for α and ε are calculated according to the peptide bond conformation: * the carbonyl O atom points outwards or § towards the minor groove. 

Helix type modifications method α (°) β (°) γ (°) δ (°) ε (°) χ1 (°) χ2 (°) χ3 (°) PDB code Ref 

PNA-PNA  –  X-ray -108.9 (11.4)* 
77.8 (10.1)

§
 

62.3 (7.4) 73.1 (7.7) 92.5 (11.4) -2.9 (11.6)* 
154.5 (10.8)

§
 

2.4 (6.5) -176.2 (7.7) 79.5 (8.1) 5EMG This 
work 

PNA-RNA  –  X-ray -114.3 (6.6) 
79.3 (2.7) 

70.8 (9.4) 70.4 (8.4) 96.0 (4.6) -6.1 (9.0) 
162.4 (6.8) 

4.3 (3.9) -172.4 (5.5) 83.2 (7.8) 5EME This 
work 

PNA-RNA  –  X-ray -111.6 (7.8) 
76.5 (2.4) 

66.5 (7.4) 73.0 (7.3) 94.4 (5.7) -5.7 (9.9) 
159.2 (7.8) 

6.5 (6.2) -174.4 (4.5) 81.4 (5.0) 5EMF This 
work 

PNA-RNA  –  NMR 176.9 (24.5) 100.4 (56.4) 116.0 (73.1) 131.5 (82.2) 131.0 (81.8) -0.9 (19.5) -155.7 (41.6) 57.0 (23.1) 176D (1) 

PNA-DNA  –  NMR -112.5 (50.9) 
80.9 (30.1) 

163.5 (36.9) 132.8 (87.7) 164.5 (56.5) -24.4 (22.0) 
60.3 (32.6) 

-2.8 (2.3) 146.1 (42.5) 73.3 (35.0) 1PDT (2) 

PNA-DNA backbone X-ray -112.0 (14.7) 
71.7 (6.8) 

71.3 (9.5) 67.1 (3.8) 92.3 (8.1) -0.5 (10.4) 
152.3 (6.2) 

3.3 (5.6) -178.5 (3.7) 88.3 (8.9) 1NR8 (3) 

PNA-DNA C-terminus; 
backbone 

X-ray -39.4 (5.2) 72.1 (7.3) 66.6 (4.1) 88.9 (7.8) -24.8 (29.2) 5.7 (3.4) -174.4 (3.7) 92.3 (6.4) 3PA0 (4) 

PNA-PNA  –  X-ray -115.8 (7.5) 
82.2 (11.3) 

64.3 (5.1) 73.9 (9.1) 96.4 (15.0) -7.1 (10.4) 
151.7 (10.0) 

0.2 (14.0) -174.3 (5.5) 86.8 (6.9) 1PUP (5) 

PNA-PNA C-terminus X-ray -102.4 (20.2) 
76.2 (12.9) 

74.4 (14.4) 71.2 (8.4) 95.7 (21.3) -32.4 (39.0) 
162.3 (14.0) 

-0.9 (5.1) -171.9 (5.8) 79.0 (6.3) 1QPY (6) 

PNA-PNA C-terminus; 
nucleobase 

X-ray -114.4 (9.6) 
64.6 (7.0) 

73.40 (10.0) 71.8 (5.0) 92.0 (11.0) -5.0 (16.3) 
146.3 (4.0)) 

3.0 (3.2) -174.5 (6.3) 85.8 (5.3) 1HZS (7) 

PNA-PNA C-terminus X-ray -110.5 (9.9) 
78.2 (26.2) 

73.7 (16.2) 73.0 (8.3) 89.6 (12.5) -10.9 (25.9) 
133.1 (30.0) 

-1.2 (8.1) -173.4 (7.6) 97.7 (14.7) 1RRU (8) 

PNA-PNA C-terminus X-ray -112.4 (7.6) 
78.1 (2.0) 

67.2 (9.1) 69.1 (7.2) 88.5 (8.0) 1.1 (6.3) 
154.9 (2.0) 

6.8 (3.5) -178.2 (4.8) 84.3 (5.1) 3MBS (9) 

PNA-PNA C-terminus; 
nucleobase 

X-ray -113.6 (8.4) 
85.2 (10.9) 

65.1 (6.1) 69.9 (5.8) 89.3 (13.1) 5.5 (8.8) 
159.4 (12.4) 

7.0 (4.0) -177.6 (3.6) 81.9 (4.5) 3MBU (9) 

PNA-PNA  –  NMR -116.1 (14.5) 
82.1 (2.9) 

73.6 (32.0) 90.7 (51.6) 90.9 (23.1) 1.5 (13.7) 
158.1 (13.0) 

-3.3 (4.4) -163.3 (17.3) 81.5 (17.5) 2K4G (10) 

PNA-PNA backbone NMR -125.2 (9.8) 
62.9 (5.7) 

65.5 (14.3) 76.1 (16.5) 99.3 (12.6) 0.6 (13.7) 
103.1 (23.3) 

1.6 (5.4) -172.9 (23.8) 93.1 (15.6) 2KVJ (11) 

PNA-PNA-DNA triplex  –  X-ray -106.3 (8.3) 71.1 (9.8) 68.9 (5.3) 96.2 (24.1) -2.8 (5.3) 1.2 (1.3) -171.5 (7.4) 94.8 (9.8) 1PNN (12) 

PNA-PNA tiplex-like  –  X-ray -100.7 (18.9) 
88.1 (26.8) 

96.4 (36.5) 77.7 (17.5) 103.7 (28.3) -18.1 (37.4) 
164.4 (12.0) 

2.9 (26.5) 179.5 (22.0) 97.1 (19.0) 1XJ9 (13) 



 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
Supplementary Figure S1. Stereo view of packing of RNA-PNA duplexes in the crystal lattice. One 
end of each duplex makes stacking interactions (seen between the green and violet colored 
molecules); the other end adjoins the PNA strand of a neighboring molecule (green and navy blue 
molecules). The unit cell is shown as a black box. 
 
 
 
 

 
 
 
 
 

 
 
 
 
 
 

 
 
 
 
 
 
 



 
 
 
 
Supplementary Figure S2. Stereo view of the crystal packing of PNA-PNA structure. Right-handed 
and left-handed PNA-PNA duplexes stack end-to-end to form pseudo-infinite columns. The unit cell is 
shown as a black box. 
 
 
 
 
 
 



 
Supplementary Figure S3. Surface representations of an RNA-PNA duplex (A) and PNA-PNA 
duplex (B), showing in different colors the backbone and base pairs. In PNA-PNA instead of the major 
groove we observe a crest. 



  
 

Supplementary Figure S4. Stacking interactions in steps r(GC)/p(GC) (A), p(GC)/p(GC) (B) and 
p(CT)/p(TG) (C). Guanosine residues are in blue, thymidine residues are pink and cytosine residues 
yellow. 
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