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Table 1. Phosphate backbone conformation of the four duplexes, together with the unmodified duplex. 
Base α(°) β(°) γ(°) δ(°) ε(°) ζ(°) 

Strand I #1 #2 #3 #4 #5 #1 #2 #3 #4 #5 #1 #2 #3 #4 #5 #1 #2 #3 #4  #5 #1 #2 #3 #4 #5 #1 #2 #3 #4 #5
C – – – – – – – – – – -54 -60 -66 -46 -70 149 150 139 142 145 -148 -156 -168 -160 -172 -140 -140 -147 -144 -98 
G -57 -49 -28 -32 -70 171 170 147 156 -172 37 37 41 33 43 135 138 128 132 148 179 179 -173 -168 -151 -103 -106 -94 -106 -157
C -60 -58 -62 -50 -39 164 164 167 161 131 50 49 51 45 50 89 94 97 97 93 -176 -174 177 179 -165 -93 -94 -103 -101 -81

G/CMG -46 -50 -47 -58 -65 171 174 170 171 174 51 54 54 60 50 148 144 151 144 145 171 169 -178 188 -167 -99 -100 -96 -92 -145
A -61 -62 -50 -61 -47 177 172 175 175 156 61 63 42 51 54 135 122 119 131 133-169 -177 -178 -170 -178 -115 -102 -103 -115 -91
A -56 -56 -48 -49 -64 172 178 179 162 -173 51 53 42 48 46 126 126 130 127 128-177 -173 -177 -171 177 -91 -91 -86 -98 -96
T -59 -60 -63 -55 -49 168 168 174 170 173 51 48 55 47 49 106 107 107 115 113 177 179 167 177 -177 -88 -87 -91 -109 -96
T -53 -61 -53 -46 -54 179 177 -177 172 168 45 54 52 51 53 123 121 139 133 114-176 -174 -170 -174 172 -103 -100 -109 -110 -95

C/T -46 -50 -51 -44 -53 157 157 157 155 -173 49 51 51 46 51 95 93 92 92 138-163 -166 -168 -167 -156 -75 -74 -76 -80 -96
G -63 -65 -71 -69 -60 178 -176 179 -179 163 43 43 56 51 40 151 152 148 147 143-116 -121 -113 -108 -100 161 168 157 157 146
C -64 -63 -61 -60 -73 133 131 138 130 144 58 62 53 53 51 146 149 142 159 144-146 -142 -171 -159 -164 -94 -102 -92 -105 -126
G 105 102 -72 -70 53 -167 -169 -177 179 144 177 176 45 42 -66 80 82 135 135 148 – – – – – – – – – – 

Strand II #1 #2 #3 #4 #5 #1 #2 #3 #4 #5 #1 #2 #3 #4 #5 #1 #2 #3 #4  #5 #1 #2 #3 #4 #5 #1 #2 #3 #4 #5
G -71 -50 -63 -60 -62 170 170 154 154 170 50 42 59 43 53 92 117 81 82 88 – – – – – – – – – – 
C -52 -50 -58 -48 -57 149 142 145 137 130 41 45 34 33 51 133 122 137 134 84 -175 -173 -169 -162 -161 -100 -98 -124 -120 -78
G -58 -57 -66 -55 -67 177 174 -179 173 177 41 46 49 45 45 144 137 139 139 144-139 -141 -117 -124 -149 -176 -174 170 173 -173

C/T -55 -53 -66 -61 -58 160 158 158 161 160 55 48 61 51 51 92 92 88 96 96 -169 -173 -169 -167 -170 -82 -80 -69 -79 -81
T -52 -49 -44 -44 -45 177 176 179 172 172 52 52 51 52 43 130 129 136 135 135-172 -172 -176 -169 -164 -102 -98 -98 -106 -107
T -58 -63 -69 -71 -49 171 172 167 170 179 50 54 59 53 52 103 99 98 103 128 174 173 167 175 -173 -92 -90 -94 -104 -107
A -60 -63 -50-159 -62 178 -179 176 136 176 51 53 50 159 45 127 126 133 141 113 179 -180 -172 -156 166 -91 -90 -95 -81 -91
A -57 -45 -61 -66 -56 -167 -169 -165 -165 -160 58 51 56 54 54 142 142 139 139 146 174 175 175 179 -178 -94 -94 -96 -76 -92

G/CMG -56 -61 -56 -61 -62 166 169 169 171 176 61 64 57 61 62 140 142 146 142 141 151 156 161 159 151 -94 -102 -98 -89 -90
C -53 -51 -49 -37 -57 162 165 153 155 160 56 52 58 46 57 98 104 91 97 82 -176 -171 -169 -176 -174 -94 -95 -95 -96 -85
G -53 -47 -67 -64 -58 149 147 164 157 167 37 34 43 46 50 127 132 119 128 115-178 -179 175 -179 178 -103 -105 -108 -117 -94
C – – – – – – – – – – 57 58 61 68 59 155 153 148 147 138-129 -129 -147 -145 -169 176 172 -111 -124 -105

∗
 #1, O6-CMG4T-1; #2, O6-CMG4T-2; #3, O6-CMG4T-3; #4, O6-CMG4T-4; #5, unmodified duplex PDB-ID=355D 
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Table 2. Sugar puckers of the four duplexes, together with the unmodified duplex. 
  O6-CMG4T-1 O6-CMG4T-2 O6-CMG4T-3 O6-CMG4T-4 PDB-ID=355D 
# StrandⅠ      
1 C C2'-endo C2'-endo C1'-exo C2'-endo C2'-endo 
2 G C2'-endo C2'-endo C2'-endo C2'-endo C2'-endo 
3 C C4'-exo C4'-exo C4'-exo C4'-exo C4'-exo 
4 CMG/G C2'-endo C2'-endo C3'-exo C2'-endo C2'-endo 
5 A C2'-endo C1'-exo C1'-exo C1'-exo C2'-endo 
6 A C1'-exo C2'-endo C1'-exo C2'-endo C2'-endo 
7 T O4'-endo O4'-endo C1'-exo O4'-endo C1'-exo 
8 T C1'-exo C1'-exo C2'-endo C2'-endo C1'-exo 
9 T/C C3'-endo C3'-endo C3'-endo C3'-endo C2'-endo 
10 G C2'-endo C2'-endo C2'-endo C2'-endo C2'-endo 
11 C C2'-endo C2'-endo C2'-endo C2'-endo C2'-endo 
12 G C3'-endo C3'-endo C2'-endo C2'-endo C3'-exo 
# StrandⅡ      
24 G C4'-exo O4'-endo C3'-endo C3'-endo C3'-endo 
23 C C1'-exo C1'-exo C2'-endo C2'-endo C3'-endo 
22 G C2'-endo C2'-endo C1'-exo C2'-endo C2'-endo 
21 T/C C4'-exo C4'-exo C4'-exo C4'-exo O4'-endo 
20 T C1'-exo C1'-exo C2'-endo C2'-endo C2'-endo 
19 T O4'-endo O4'-endo O4'-endo O4'-endo C1'-exo 
18 A C1'-exo C1'-exo C1'-exo C3'-exo C1'-exo 
17 A C2'-endo C2'-endo C2'-endo C2'-endo C2'-endo 
16 CMG/G C2'-endo C2'-endo C2'-endo C2'-endo C2'-endo 
15 C C4'-exo C4'-exo C4'-exo C4'-exo C4'-exo 
14 G C2'-endo C2'-endo C1'-exo C1'-exo C1'-exo 
13 C C2'-endo C2'-endo C3'-exo C2'-endo C2'-endo 
# Residue number 
The three types of C2'-endo and C3'-endo families, and others are colored blue, red and green, 
respectively. The 3rd C and 15th C residues always adopt a C4'-exo pucker to form the G:G interaction 
between the two duplexes. Only the 9th and 19th T residues adopt a C3'-endo pucker, different from the 
unmodified DNA.  

Table 3. Two modes of Hoechst33258 binding in the minor groove. 
N1-H N3-H Hydrogen bond 

donor Proximal Distal Proximal Distal 

Acceptor (mode A)∗ O2(T19) O2(T7) N3(A6) O2(T20) 

Acceptor (mode B)∗ O2(T20) N3(A6) O2(T7) O2(T19) 
∗ Between the two modes, the orientation of Hoechst33258 molecule 
varies with 180° rotation at the molecular centre, but the acceptor atoms 
and their residues of the palindromic dodecamer are not equivalent (PDB 
ID 403D, 442D, 443D) (Robinson et al., 1998; Squire et al., 2000). 
O2(T19) indicates the O2 atom of the T19 residue. 



 4 

 

 

 

 

    

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
  

Figure 1. Fo-Fc Omit maps (brown lines) of O6-CMG4 and T21 residues 
and O6-CMG16 and T9 residues (left), contoured at the 3.0σ level, and 
their 2Fo-Fc maps (cyan lines) contoured at the 1.0σ level (right); (a) for 
O6-CMG4T-1, (b) for O6-CMG4T-2, (c) for O6-CMG4T-3 and (d) for 
O6-CMG4T-4. Cations and some water atoms are also omitted. These 
maps were depicted by the program Dino [Biasini, M., Mariani, V., Haas, 
J., Scheuber, S., Schenk, A.D., Schwede, T. & Philippsen, A. (2010) Open 
Structure: a flexible software framework for computational structural 
biology, Bioinformatics, 26, 2626-2628]. 
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Figure 2. Cations and water molecules contacting to the O4 atoms of thymine residues 
protruded into solvent region by large wobbling, found in the O6-CMG4T-1(a), 
O6-CMG4T-2(b), O6-CMG4T-3(c) and O6-CMG4T-4(d) crystals. 
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