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Table S1. Distance restraints used for Z3dU duplex refinement.

Class 1

“Base 1 Atom 1 Base 2 Atom 2 Dist Lower Upper
1 H6 1 HI’ 3.25 0.49 0.49
13 H6 13 HI’ 3.25 0.49 0.49
1 H2" - H6 3.63 0.54 0.54
13 H2" 13 H6 363 0.54 0.54
1 H3’ 1 H1' 4.22 0.63 0.63
13 H3’ 13 H1' 4.22 0.63 0.63
1 H3’ 1 H5 4.86 0.73 0.73
13 H3’ 13 H5 4.86 0.73 0.73
1 H3’ 1 H2’ 2.65 0.40 0.40
13 H3’ 13 ~  H2 ©2.65 0.40 0.40
3 H5 2 ~ H4 6.44 0.97 0.97
15 H5 14 H4' 6.44 - 0.97 0.97
3 H5 2 HIU 3.78 0.57 .  0.57
15 H5 14 HI' 378 . 057 057
3 H5 2 H8 3.69 055 055
15 H5 = 14 HS 3.60 0.5 0.55
3 H6 3 HI’ 4.08 - 0.61 0.61
15 H6 15 HU 4.08 0.61 0.61
3 H5 3 HU 4.80 0.72 0.72
15 H5 15 HI’ 4.80 0.72 0.72
3 H2' 3 HI’ 2.81 0.42 0.42
15 H2' 15 H1’ 2.81 0.42 0.42
3 H2’ 3 H6 256 0.38 0.38
15 H2’ 15 H6 2.56 038 038
3 . HY 3 . H5 3.44 10.52 0.52
15 H2 15 H5 3.44 0.52 0.52
3 H2” 3 HI® 249 0.37 0.37
15 H2” 15 HI’ 2.49 0.37 0.37
3 H2" 3 H5 4.59 0.69 0.69
15 H2" 15 H5 4.59 0.69 0.69

3 H3’ 3 H1’ 4.24 0.64 0.64
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15 H3" 15 Hl’ 4.24 064 064

3 H3’ 3 H5 5.44 0.82 0.82
15 H3 15 HS 5.44 0.82 0.82
4 H4' 3 HI’ 4.50 0.67 . 0.67
16 H4' 15 HI’ 4.50 0.67 0.67
4 H8 3 HI’ 3.66 0.55° 0.55
16 H8 15 . HI’ 3.66 0.55 0.55
4  HS8 3 H6 4.83 0.72 0.72
16 HS 15 H6 483 072 = 0.72
4 HS 3 H2’ 3.58 054 054
16 HS8 15 H2’ 3.58 0.54 0.54
4 H8 3 H2" 2.96 0.44 0.44
16 H8 15 H2" 2.96 0.44 0.44
4 H8 3 H3’ 454  0.68 0.68
16 H8 15 H3’ 4.54 0.68 0.68
4 H3 3 H1' 6.06 0.91 0.91
16 “H3' 15 HI' 6.06 0.91 0.91
4 HS 4 HI’ 3.63 0.54 0.54
16 HS 16 HI’ 3.63 . 0.54 . 0.54
4 H3’ 4 H8 3.67 0.55 0.55
16 H3 16 H8 3.67 0.55 0.55
5 H4’ 4 H1' 4.31 0.65 0.65
17 H4’ 16 H1' 4.31 0.65 0.65
5 HS 4 H4’ 5.27 0.79 0.79
17 H8 16 H4' 5.27 079  0.79
5 H8 4 “HI’ 3.10 0.47 0.47
17 HS 16 HI’ 3.10 0.47 0.47
5 HS 4 H8 4.70 0.70 0.70
17 HS 16 HS 4.70 070 ~  0.70
5 H3’ 4 HI’ 4.79 0.72 0.72
17 H3’ 16 HI’ 4.79 0.72 0.72
6 H2 5 H2 3.46  0.52 0.52
18 H2 17 H2 3.46 0.52 0.52
6 HI' 6 H4’ 3.38 0.51 0.51
18 H1' 18 H4’ 338 .. 051 0.51

6 H2 6 H1’ 5.01 0.75 0.75




P
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1

18 H2 18 HI® 1 5.01 0.75 = 0.75

6 H8 6 H1’ 4.13 0.62 0.62
18 HS 18 H1’ 4.13 0.62 0.62
6  H2 6 H1’ 2.66 0.40 0.40
18 H2" 18 H1’ 2.66 0.40 0.40
6 H3’ 6 H1 3.85 0.58 0.58
18 H3’ 18 H1’ 3.85 0.58 0.58
7 H6 6 H4' 5.67 0.85 0.85
19 H6 18 H4' 567 085 085
7 H6 6 H3' 4.97 0.75 0.75
19 H6 18 H3' 4.97 0.75 0.75
7 H5# 6 H4’ 6.08 0.91 ©0.91
19 H5# 18 H4  6.08 0.91 0.91
7 H5# 6 H1’ 4.64 0.70 0.70
19 H5# 18 H1’ 4.64 0.70 0.70 .
7 H5# 6 HS 3.35 0.50 0.50
19 H5# 18 . HS8 3.35 0.50 0.50
7 H5# 6 H3’ 4.72 0.71 0.71
19 H5# 18 “H3’ 4.72 0.71 0.71
7 H3' 6 HI’ 4.69 - 0.70 0.70
19 H3' 18 H1’ 4.69 0.70 0.70
7 H6 7 H1’ 4.04 0.61 0.61
19 H6 19 H1’ 4.04 0.61 0.61
7 H5# 7 H1' 5.60 0.84 0.84
19 H5# 19 HI' 5.60 084  0.84
7, H5# 7 H6 2.95 0.44 0.44
19 H5# 19 H6 2.95 0.44 0.44
7 H3' 7 H5# 6.04 0.91 0.91
19 H3' 19 H5# 6.04 0.91 0.91
7 H4' 7 H6 413 062  0.62
19 H4' 19 H6 4.13 0.62 0.62
7 H4 7 H3’ 2.96 0.44 0.44
19 H4’ 19 H3’ 2.96 0.44 0.44
8 H6 7 H1' 3.62 0.54 0.54
20 H6 19 H1' 362 054 0.54

8 H6 7 H6 4.12 . 0.62 0.62
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20 H6 19 H6 412 062 0.62
8 H6 7 H5# 5.14 1.07 1.07
20 H6 19 H5# 5.14 1.07 1.07
8 H6 7 H3’ 419 063  0.63
20 H6 19 H3’ 4.19 0.63 0.63
8 Hia 7 H1' 4.24 0.64 0.64
20 Hla 19 HI' 4.24 0.64 0.64
8 H6 8 H1’ 3.52 0.53 0.53 .
20 H6 20 HI’ 3.52 0.53 0.53
8 H2B 8 H6 | 4.09 0.61 0.61
20 g 20 H6 4.09 0.61 0.61
8  H2B 8 Hla 2.91 0.44 0.44
20 H2B 20 Hlo 2.91 0.44 0.44
8 HiyH2y 8 H6 4.36 0.65 0.65
20 Hiymy 20 H6 436 0.65 0.65
8 HiyH2y 8 Hlo 2,69 0.40 0.40
20 H1yH2y 20 Hlo 2.69 . 0.40 0.40
8 H2' - 8 H1I' - 3.25 049 - 0.49
20  H2' 20 H1' 3.25 0.49 0.49
8 H2' 8 H6 2.45 0.47 0.47
20 H2' 20 H6 2.45 0.47 0.47
8 . H3¥ 8 H1' 4.49 0.67 0.67
20 H3' 20 H1' 4.49 0.67 0.67
9 H6 8 HI' 333 0.50 0.50
21 H6 20 H1' 3.33 0.50 0.50
9 HS 8 H1' 3.87 0.58 0.58
21 H5 20 H1' 3.87 - 0.58 0.58
9 H5 8 H2' 3.48 0.52 0.52 -
21 H5 20 H2' 3.48 0.52 0.52
9 H3' 8 H1' 4.46 0.67 0.67
21 H3' 20 HI' 4.46 0.67 0.67
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9 ~ H6 9  HI 4.04 0.61 0.61

21 H6 21 HI' . 4.04 0.61 0.61
9 H4' 9 H2" 3.92 0.59 0.59
21 H4' 21 H2" 3.92 0.59 059
10 HS 9 H6 5.03 0.75 0.75
2 HS 21 H6 5.03 075 °  0.75
10 HS 9 H3' 5.08 0.76 0.76
2 H8 21 H3' 5.08 0.76 0.76
11 H6 10 H4' 6.39 0.96 0.96
23 .~ H6 22 H4' 6.39 0.96 0.96
1 H6 10 H3' 4.90 0.73 0.73
23 H6 22 H3' 4.90 0.73 0.73
1 H5 10 H1' 3.96 0.59 0.59
23 H5 2 HI' 3.96 0.59 0.59
1 H6 1n H1' 4.30 0.65 . 0.65
23 H6 23 H1' 4.30 065 - 0.65
11 H5 1 HI' 5.58 0.84 0.84
23 H5 23 HI' 5.58 0.84 0.84
11 H3' 11 H1' 3.94 0.59 0.59
23 H3' 23 HI' 3.94 0.59 0.59
11 H3' 1 H5 4.94 0.74 0.74
23 H3' 23 H5 494 074 074
12 HI' 11 HI' 5.17 077 0.77
24 HI' 23 HI' 5.17 0.77. 0.77
12 H8 1 H3' 4.38 0.66 0.66
24 HS 23 H3' 4.38 0.66 0.66
12 H2' 11 H1' 3.81 0.57 0.57
24 H2' 23 Hl' 3.81 0.57 0.57
12 H3' 12 HI' . 398 0.60 0.60

24 - H3' - 24 H1' 3.98 0.60- - 0.60
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2 HS 2 H4' 5.07 0.76 0.76

14 HS 14 H4' 5.07 0.76 0.76
3 H6 2 - H¥ 6.50 0.97 0.97
15 H6 14 H3' 6.50 0.97 . 0.97
3 H3' 3 H6 4.22 0.63 0.63
15 H3' 15 H6 422 0.63 ~ 0.63
4 H3' 4 H2' 3.10 0.46 - 0.46
16 H3' 16 H2'" 3.10 0.46 0.46
6 H4' 5 H2' 572 0.86 0.86
18 H4' 17. H2' 572 086  0.86
6 H2' 6 H8 302 045 0.45
18 H2' 18 HS 3.02 0.45 0.45
7 H2' 7 HI' 3.00 0.45 0.45
19 H2' 19 HU'  3.00 0.45 0.45
8 H6 7 H2' 3.08 0.46 0.46
20 H6 19 H2' 3.08 0.46 0.46
8 HiyH2Yy ! H3' 4.30 0.65 0.65
.20 HiyH2y - 19 H3' - 4.30 0.65 . 0.65

, 8 Hoa 8 - H6 4.08 0.61 0.61
20 H2o! 20 H6 4.08 0.61 0.61
8 HIp 8 20 2.83 0.42 0.42
20 H1B 20 H2a 2.83 0.42 0.42
8 HI'Y/HZ’Y 8 H2a 2.65 0.40 0.40
20  HiyHzy 20 o 265 0.40 0.40
8 H4' 8 H6 4.62 0.69 0.69
20 ~ H4' 20 ~ H6 - 4.62 0.69 . 0.69
8 H4' 8 H2' 3.38 0.51 0.51
20 H4' 20 - H2 3.38 051 051
9 H6 8 H3' . 4.65 0.70 0.70
21 H6 20 H3' 4.65 0.70 0.70
9 H2' 9 HI' 2.96 0.44 0.44
21 “H2!' 21 H1' 2.96 044 044
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9 H2' 9 H6 2.62 0.39 0.39

21 H2' 21 H6 262 039 0.39
10 HS8 10 H4' 5.00 0.75 0.75
22 HS8 22 H4' 5.00 075 0.5
11 H5 10 H4' 6.20 0.93 0.93
23 H5 22 H4' 6.20 0.93 0.93
11 H2' 11 H5 3.42 0.51 0.51
23 H2' 23 H5 3.42 0.51 0.51
11 © H3 11 H6 351 0.53 0.53
23 H3' 23 H6 3.51 0.53 0.53
Class 3 ,
Base 1 Atom 1 Base 2 Atom 2 Dist Lower Upper
1 H2' 1 H1' 2.61 0.52 0.52
13 H2' 13 H1' 2.61 0.52 . 0.52
1 H2! 1 H6 2.74 0.55 0.55
13 H2' 13 H6 2.74 0.55 0.55
1 H2" 1 H1' 2.47 0.49 0.49
13 H2" 13 H1' 247 0.49 0.49
1 H3' 1 H2" 3.33 0.67 0.67
13 H3' 13 H2" 3.33 0.67 0.67
1 H4' 1 H1' 2.88 0.58 0.58
13 H4' 13 H1' 2.88 0.58 0.58
2 H4' 1 H3' 5.13 1.03 1.03
14 H4' 13 H3' 5.13 ©1.03 1.03
2 HS8 1 H1' 4.32 - 086 0.86
14 _HS8 13 H1' 4.32 0.86 0.86
2 HS 1 H2" 3.23 0.65 0.65
14 H8 13 H2" 323 - 0.65 0.65
2 - H2" 2 - H4' 3.39 ©0.68 0.68
14 H2" 14 H4' 3.39 0.68 0.68
2 H2" 2 HS8 3.08 0.62 0.62
14 H2" 14 HS 3.08 0.62 0.62
2 H3' 2 H4' 3.62 0.72 0.72

14 H3' 14 H4' 3.62 0.72 0.72
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2 H3' 2 H3 4.72 0.94 0.94

14 H3' 14 H8 4.72 0.94 0.94
3 H6 2 HI 13.54 071 071
15  H6 14  HI' 354 071 0.71
3 H6 2 HS 4.21 0.84 0.84
15 H6 14 H8 421 0.84 0.84
3 H6 2 H2' 4.03 0.81 0.81
15 H6 14 H2' 403 081 - 081
! HS 2 H2" ©3.49 070  0.70
15 H5 14 H2" 3.49 070 ©  0.70
3 H3' 2 H1' 4.75 0.95 0.95
15 H3' 14 HI' 4.75 0.95 0.95
3 H3' 3 H2" 2.66 0.53 0.53
15 H3' 15 - H2" 2.66 0.53 0.53
3 H4' 3 HI' 3.10 0.62 0.62
15 H4' 15 H1' 3.10 0.62 0.62

4 H4' 3 H2" 5.19 1.04 1.04
16 H4' 15 H2" 5.19 1.04 1.04

.4 H8 3 H5 .6.41 1.28 1.28
16 HS 15 H5 6.41 1.28 1.28
4 HI' 4 H4' 319 . 0.64 0.64
16  HIU 16  H& 3.19 0.64 0.64
4 H8 4 H4' 4.55 0.91 0.91
16 HS 16 H4' 4.55 0.91 0.91
4 H2' 4 H4' 3.86 0.77 0.77
16 H2' 16 H4' 3.86 0.77 0.77
4 H2" 4 H4' 3.61 0.72 0.72
16 H2" - 16 HA4' 3.61 0.72 0.72
4 H2" 4 HS 3.14 0.63 0.63
16 H2" 16 HS 3.14 0.63 0.63
4 H3' 4 H4' 2.74 0.55 0.55
16 H3' 16 H4' 2.74 0.55 0.55
4 H3' 4 HI' 4.26 0.85 0.85
16 H3' 16 HI' 4.26 0.85 0.85
5 H1' 5 H4' 3.60 1 0.72 0.72

17 H1' 17 H4' 3.60 0.72 0.72
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5 HS 5 H4' 451 090 0.90

17 H8 17 H4' 451 0.90 0.90
5 H8 5 HI' 4.01 0.80 0.80
17 ~ H8 17 - HI 401 080 ° 0.80
5 H2' 5 H1' 2.75 0.55 0.55
17 H2' 17 - HYU 2.75 0.55 0.55
5 H2' 5 H8 284 057 0.57
17 H2' 17 H8 2.84 0.57 0.57
5 - H2" ‘5 H4'  3.62 0.72 10.72
17 H2" 17 H4' 3.62 0.72 0.72
5 H2" 5 H1' 2.46 0.49 0.49
17 H2" 17 HI' 2.46 0.49 0.49
5 H3' 5 H4' 2.73 0.55 0.55
17 H3' 17 H4' 2.73 0.55 0.55
5 H3' 5 H1'  3.90 0.78 0.78
17 H3' 17 H1' 3.90 0.78 0.78
5 H3' 5 H2' 2.81 0.56 0.56
17 H3' 17 H2' 2.81 0.56 0.56
5 . H3' 5 H2" 2.75 0.55 0.55
17 H3' 17 H2" 2.75 0.55 0.55
6 H1' 5 H2 3.95 0.79 0.79
18  HI 17 H2 395 079 0.79
6 H8 5 H2 5.07 1.01 1.01
18 HS 17 H2 507 - 101 1.01
6 H8 6 H4' 4.41 0.88 0.88
18 H8 18 H4' 4.41 0.88 0.88
6 H2' 6 H1' 2.79 0.56 0.56
18 H2' 18 H1' 2.79 0.56 . 0.56
6 H3' 6 H4' 2.81 0.56 0.56
18 - H3' 18 H4' 2.81 . 0.56 0.56
6 H3' 6 H2" 2.83 0.57 - 0.57
18 H3' 18 H2" ~2.83 0.57 0.57
7 H1' 6 H1' 5.15 1.03 1.03
19 H1' 18 H1' 5.15 1.03 1.03
7 H1' 6 H2 346 . 0.69 0.69

19 HI' 18 H2 3.46 0.69 0.69

10 -




W
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7 H6 6 HI' 4.05 0.81 0.81

19 H6 18 H1' 405 - 081 0.81
7 H6 6 HS 5.00 1.00 1.00
19 H6 18 H8 5.00 1.00 1.00 .
7 H5# 6 H2 6.81 1.36 1.36
19 H5# 18 H2 6.81 1.36 1.36
7 H5# 6 H2' 3.25 0.65 0.65
19 H5# 18 H2' 3.25 0.65 0.65
7 H5# 6 H2" 3.35 0.67 0.67
19 H5# 18 H2" 3.35 0.67 0.67
7 S H2" 7 HI' 2.54 0.51 0.51
19 H2" 19 H1' 2.54 0.51 0.51
7 H2" 7 H6 3.81 0.76 0.76
19 H2" 19 H6 3.81 0.76 0.76
7 H3' 7 H1' 3.51 0.70 0.70
19 H3' 19 H1' 3.51 070  0.70
7 H3' 7 H6 4.00 0.80 0.80
19 H3' 19 H6 4.00 0.80 0.80
7 - H3 7 - H2" 266 053 0.53
19 H3' 19 H2" 2.66 0.53 0.53
7 H4' 7 H1' 2.65 0.53 0.53
19 - H4' 19 H1' 2.65 0.53 1 0.53
7 H4' 7 H2" 3.07 0.61 0.61
19 H4' 19 - H2" 3.07 0.61 0.61
8 Hlo 7 H6 3.65 0.73 0.73
20 Hlo 19 H6 3.65 0.73 0.73
8 Hlo 7 H5# 4.96 0.99 - 0.99
20 Hla 19 H5# 4.96 0.99 0.99
8 oo 7 H6 4.04 1.00 1.00
20 2o 19 H6 4.04 1.00 1.00
8 o 7 H3' 4.27 0.85 0.85
20 Hoo 19 H3' 4.27 0.85 0.85

11
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8 Hp 7 H6 4.70 094 094
20 Hop 19 H6 4.70 0.94 0.94
8 ‘H3' 7 HI' -~ 5.44 1.09 1.09
20 H3' 19 H1' 5.44 1.09 1.09
8 H2B 8 o 3.04 - 0.61 - 0.61
20 H2B 20 H2ot 3.04 0.61 - 0.6l
8 HiyH2y 8 HIB 2.92 0.58 0.58
20 HiyHzy 20 HIp | 292 0.58 0.58
8 H2" 8 HI' 2.79 0.56 0.56
20 H2" 20 HI' 2.79 0.56 0.56
8 H3' 8 H6 4.46 0.89  0.89
20 H3' 20 H6 4.46 0.89 0.89
8 ~ H3' 8 H2' 3.59 1.20 1.20
20 H3' 20 H2' 3.59 1.20 1.20
8 H4' 8 HI' 2.83 0.57 0.57
20 - H4' 20 HU 283 - 0.57 0.57
9 H6 8 H2' 3.37 0.67 0.67
21 H6 20 H2' 3.37 0.67 0.67
9 H5 8 H6 3.75 0.75 0.75
21 H5 20 H6 3.75 0.75 0.75
9 H5 8 H3' 5.56 1.11 1.11
21  HS 20 H3' 5.56 1.11 1.11
9 H3' 9 HI' 4.47 0.89 0.89
21 H3' 21 HI' 4.47 0.89 0.89
9 H3' 9 H6 4.31 0:86 0.86
21 H3' 21 H6 4.31 0.86 0.86
9 H3 9 H2"  3.09 062  0.62
21 H3' 21 H2" 3.09 0.62 0.62
9 © H4' 9 CHI 3.09 0.62 0.62
21 H4' 21 H1' 3.09 0.62 0.62
9 H4' 9 H6 4.57 0.91 0.91
21 H4' 21 H6 4.57 0.91 0.91
10 H4' 9 HI' 4.71 094 ~  0.94

12
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22 H4' 21 HI' 4.71 0.94 0.94

10 H8 9 H1' 4.29 0.86 0.86
22 HS 21 HL' 4.29 0.86 0.86
10 H8 9 H2' 3.35 0.67 0.67
22 H8 21 H2' 3.35 0.67 0.67
10 H3' 9 HI' 5.60 112 1.12
22 H3' 21 HI' 560 112 - 112
10 H3' 9 H2" 4.08 0.82 0.82
22 © H3' 21 © H2" 408  0.82 0.82
10 H1' 10 H4' 3.34 0.67 0.67
22 H1' 22 H4' 3.34 0.67 0.67
10 H2' 10 H4' 3.76 0.75 0.75
22 H2' 22 H4'  3.76 0.75 0.75
10 H2' 10 H1' 3.31 0.66 0.66
22 H2' 22 H1' 3.31 0.66 0.66
10 H2' 10 H8 2.89 0.58 0.58
22 H2' 22 H8 2.89 0.58 0.58
10 H2" 10 H4' 4.21 0.84 0.84
22 H2" 22 H4' 4.21 0.84 0.84
10 H2" 10 H8 366 073 0.73
22 H2" 22 H8 3.66 0.73 0.73
10 H3" 10 H4' 277 0.56 0.56
22 H3' 22 H4' 277 - 056 0.56
10 H3' 10 H1' 3.92 0.78 0.78
22 H3' 22 H1' 3.92 0.78 0.78
10 H3' 10 H8 3.83 0.77 0.77
22 H3' 22 H8 3.83 0.77 0.77
11 H6 10 H1' 3.46 0.69 0.69
23 H6 22 H1' 3.46 0.69 0.69
11 H6 10 “H2' 3.42 - 0.68 0.68
23 H6 22 H2' 3.42 - 0.68 0.68
11 H5 10 H8 3.49 0.70 0.70
23 H5 22 H8 3.49 0.70 0.70
11 H5 10 H2' 2.83 0.57 0.57
23 H5 22 H2' 2.83 0.57 0.57

11 HS5 10 H2" 4.14 0.83 0.83

13
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23 H5 $ 22 - H2" 4.14 0.83 0.83

11 H5 10 H3' 4.36 0.87 0.87
23 H5 22 H3' 4.36 0.87 0.87
11 - H2' 10 HI' 4.77 0.95 0.95
23 H2' 22 H1' 4.77 0.95 0.95
11 H2" 10 H!' 5.21 1.30 - 1.30
23 H2" 22 H1' '5.21 1.30 1.30

’ 11 H3' 10 H1' 4.51 0.90 0.90
23 © H3' 22 - HI' 451 090 0.90
11 H2' 11 H6 2.63 1.00 1.00
23 H2' 23 H6 2.63 1.00 1.00
_11 H2" 11 H6 3.04 0.61 0.61
23 H2" 23 H6 3.04 0.61 0.61
11 H2" 11 H5 4.29 0.86 0.86
23 H2" 23 H5 429 086 0.86
11 H3' 11 - H2" 3.31 0.66 0.66
23 H3' 23 H2'" - 3.31 0.66 0.66
11 H4' 11 H6 4.69 094 =~ 094
23 H4' 23 H6 4.69 0.94 0.94
11 H4' 11 H2" 3.38 0.68 0.68
23 H4' 23 H2" 3.38 0.68 0.68
12 HS 11 H1' 4.38 0.88 0.88
24 H8 23 HI 4.38 0.88 0.88
12 H8 11 H6 4.86 . 0.97 0.97
24 H8 23 H6 4.86 0.97 0.97
12 H8 11 H2' - 372 0.74 0.74
24 H8 23 H2' 3.72 0.74 0.74
12 HS 12 H1' 3.80 0.76 0.76
24 . HS8 24 HI' 3.80 0.76 0.76
12 H2" 12 H1' 2.12 0.42 0.42
24 H2" 24 Hl' 2.12 0.42 0.42
12 H3' 12 H8 422 084 - 084
24 H3' 24 HS 422 084 0.84
12 H3' 12 H2" 2.78 0.56 0.56
24 H3' 24 H2" 2.78 0.56 0.56

12 H4' 12 H8 4.88 0.98 0.98

14




© 2002 American Chemical Society, J. Am. Chem. Soc., Li ja0201707 “Supporting Info Page 14

24 - H4 24 HS 4.88 098 098

12 H4' i2 H2' 2.85 1.00 1.00
24 H4' 24 H2' 285 1.00 1.00
12 H4' 12 ~ H2" 3.54 071 0.71
24 H4' 24 H2" 3.54 0.71 0.71
12 H4' 12 H3' 2.34 0.47 0.47
24 H4' 24 H3' 2.34 0.47 0.47
6 H2 7 H1' 5.09 1.32 1.32
18 H2 9  HI' 5.09 1.32 1.32
17 H2 9 HI' 3.77 0.76 0.76
5 H2 21 H1' = 3.77 0.76 0.76
18 H2 8 H1' 373 0.75 0.75
6 H2 20 H1' 3.73 0.75 0.75
Class 4

Base 1 Atom 1 Base 2 Atom2  Dist Lower ~Upper
1 H5 1 H1' 4.88 1.22 1.22
13 H5 13 H1' 4.88 122 1.22
1 H2' | H5 2.99 075 0.75
13 H2' 13 H5 2.99 075 0.5,
1 H2" 1 H5 4.11 1.03 1.03
13 . H2" 13 . H5 411 . 1.03 1.03
1 H4' 1 H2' 5.85 2.00 2.00
13 H4' 13 H2' 5.85 2.00 2.00
1 H4' 1 H2" 4.84 1.21 1.21
13 H4' 13 H2" 4.84 1.21 1.21
1 H3' 1 H6 4.03 1 1.01 1.01
13 H3' 13 H6 403 101 1.01
1 H4' 1 H6 5.34 1.34 1.34
13 - H4' 13 H6 534 1.34 1.34
2 H8 1 H6 478 1.20 1.20
14 HS 13 H6 478 1.20 1.20
2 HS8 1 H2' 3.72 0.93 - 0.93
14 H8 13 . H2 3.72 0.93 0.93

2 HS8 1 H3' 3.62 0.91 0.91

15




© 2002 American Chemical Society, J. Am. Chem. Soc., Li ja0201707 Supporting Info Page 15

14 HS8 13 : H3' 3.62 091 0.91

2 H1' 2. H4' ~  3.48 0.87 0.87
14 HI' 14 H4' 3.48 087 087
2 'HS 2 CHU 3.48 087 0.87
14 HS 14 H1' 3.48 087  0.87
2 H2' 2 H4' 4.16 1.04 1.04-
14 H2' 14 H4' 4.16 1.04 1.04
2 H2' 2 HI' 3.74 0.93 0.93
14 H2' 14 H1' 374 093 093
2 H2' 2 H8  2.90 0.73 0.73
14 H2" 14 HS 2.90 0.73 0.73
2 H2" 2 HI 275  0.69 0.69
14 H2" 14 H1' 2.75 0.69 0.69
2 ~ H3' 2 HI' 4.46 1.36 1.36
14 H3' 14 HI' 4.46 1.36 1.36
2 ‘H3' 2 H2' 3.15 0.79 0.79
14 H3' 14 H2' 3.15. 079 0.79
2 H3' 2 H2" 3.59 0.90 0.90
14 H3' 14 H2" 3.59 0.90 0.90
3 H6 2 H4' 6.47 1.62 1.62
15 -  Hé6 14 HA4' 6.47 1.62  1.62
3 H6 2  H2" 427 . 120 1.0
15 H6 14 H2" 4.27 1.20 1.20
3 H5 2 H2' 4.50 1.12 1.12
15 H5 14 H2' 4.50 1.12 1.12
3 H2" 3 H6 2.91 - 0.73 0.73
15 H2" 15  H6 2.91 0.73 0.73
3 H3' 3 H2' 2.52 0.63 0.63 -
15 H3' 15 H2' 2.52 0.63 0.63
3 - H4' 3 H6 = 3.83 0.96 0.96-
15 H4' 15 H6 3.83 0.96 0.96
3 H4' 3 H5 5.38 1.34 1.34
15 H4' 15 H5 5.38 1.34 1.34
3 H4' 3 H2' 3.47 0.87 0.87
15 H4 15 H2' 3.47 0.87 0.87

3 H4' 3 H2" 3.00 0.75 0.75
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\

15 H4' 15 H2" 3.00 0.75 0.75

3 H4' 4 HS . 4.72 1.18 1.18
15 H4' 16 HS 4.72 1.18  1.18
4 H2' 4 HI' 3.63 0.91 0.91
16 H2' 16 HI 3.63 091 091
4 H2' 4 HS 2.60 0.65 0.65
16 H2' 16 HS 2.60 0.65 0.65
4 H2" 4 H1' 2.80 0.70 0.70
16 H2" 16  Hl' - 2.80 0.70 0.70
4 H3' 4 H2" 3.43 0.86 0.86
16 H3' 16 H2" 3.43 0.86 0.86
5 H8 4 H2" . 274 0.69 0.69
17 H8 16 H2" 2.74 0.69 0.69
5 H8 4 H3' 4.44 1.11 111
17 HS 16 H3' 4.44 1.11 1.11
5 H2 5 CHY 4.73 1.18 1.18
17 H2 17 HI' 4.73 1.18 1.18
5 H2' 5 H4' 3.13 0.78 0.78
17 CH2' 17 . H4' 313 0.78 0.78
5 H2" 5 H8 3.60 0.90 0.90
17 H2" 17 HS 3.60 0.90 0.90
5 H3' 5 H8 3.01 1.00 1.00
17 H3' 17 HS 3.01 1.00 1.00
6 H4' 5 HI' 3.85 0.96 0.96
18 H4' 17 H1' 3.85 0.96 0.96
6 HS 5 HI' 3.57 0.89 0.89
18 HS 17 HI' 3.57 0.89 0.89
6 HS 5 H2" 2.84 071 071
18 H8 17 H2" 2.84 0.71 0.71
6 H2 5 HI' 408 102 - 1.02
18 H2' 17 HL 4.08 1.02 1.02
6 H3' 5 H1' 4.20 1.05 1.05
18 H3' 17 HI' 4.20 1.05 1.05
6 H2' 6 H4' 3.20 0.80 0.80
18 H2' 18 H4' 3.20 0.80 0.80

6 H2" 6 H4' - 3.46 0.87 0.87
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18 H2" 18 H4' 3.46 0.87 0.87

6 . H2" 6 HS 3.09 0.77 - 0.77
18 H2" 18 HS 3.09 0.77 . 0.77
6 H3' 6 H2' 2.66 0.66 0.66
18 H3' 18 H2' 2.66 ©0.66 0.66
7 H6 6 H2" 3.79 1.50 1.50
19 H6 18 H2" 3.79 1.50 1.50
7 H2' 7 H6 2.29 1.00 1.00
19 H2' 19 H6 2.29 1.00 - 1.00
7 H2' 7 H5# 4.61 1.15 1.15
19 H2' 19 H5# 4.61 1.15 1.15
7 "H3' 7 H2' 2.80 0.70 0.70
19 H3' 19 - H2 2.80 0.70 - 0.70
8 H1' 7 H1' 4.46 1.11 .11
20 H1' 19 H1' 4.46 1.11 1.11
8 H6 7 H2" 2.89 0.72 0.72
20 H6 19 H2'" - 2.89 0.72 0.72
8 H2a 7 . .Hl' 4.59 | 1.15 1.15
20 H2o. 19 H1' : 4.59‘ 1.15 1.15
8 H2o 7 H5# 418  1.04 - 1.04
20 - H2a 19 H5# 4.18 1.04 1.04
8 HIp 7 H6 4.47 1.12 1.12
20 H1B 19 H6 4.47 1.12 1.12
8 H1p 7 H5# 5.39 1.35 1.35
20 H1B 19 H5# 5.39 1.35 1.35

8 H2B 7 H5# 4.72 1.18 - 118
20 H2B 19 H5# 4.72 118 118
8 HiyH2y 7 H6 4.32 1.08 1.08
20 HiyHZy 19 H6 4.32 1.08 1.08
8 HiyH2y ! H5# 4.29 - 1.07 1.07

18
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20 HiyHy 19 HS# 4.29 1.07 1.07
8 Hio 8 H6  3.52 1.20 1.20
20 Hie 20 H6 ~ 3.52 1.20 1.20
8 HIB 8 H6 3.91 0.98 0.98
20 HIB 20 H6 3.91 0.98 0.98
8 ,HIB 8 Hlo, 3.07 » 0.77 0.77
20 HIp 20 Hlo 3.07 0.77 0.77
8 HiyH2y 8 H2B 2.37 0.59 0.59
20 HiyH2zy 20 H2p 237 0.59 0.59
7 H2" 8 Hio 2.83 0.71 0.71
19 H2" 20 Hio 283 071 071
8 H2" 8 H6 329 ° 0.82 0.82
20 H2" 20 ~ H6 3.29 0.82 0.82
g H3' 8 H2" 3.06 0.77 0.77
20 H3' 20 H2" 13.06 0.77 0.77
8 H4' 8 H2' 3.4 0.81 0.81
20 H4' 20 H2"  3.24 081 081
8 H4' 8 H3' 329 . 0.82 0.82
20 H4' 20 H3' 3.29 0.82 . 0.82
8 H4' 8 H6 5.03 126  1.26
20 H4' 20 H6 5.03 1.26 1.26
9 HI' 8 HI' 5.37 1.34 1.34
21 H1' 20 H1' 5.37 1.34 1.34
9 H6 8 H6 3.71 093 . 093
21 H6 20 H6 3.71 0.93 0.93
9 H6 8 H2" 335 1.20 1.20
21 H6 20 H2" 3.35 120 -~ 1.20
9 H5 8 H2" 3.25 0.81 0.81
21 H5 20 H2" 3.25 0.81 0.81
9 H5 9 H1' 4.45 .11 . L1l
21 H5 21 H1' 4.45 1.11 1.11

19
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9 H2" 9 H1' 250  0.62 0.62

21 H2" 21 H1' 2.50 0.62 0.62
9 H2" 9 H6 3.33 0.83 0.83
21 H2" 21 H6  3.33 083  0.83
9 H3' 9 H5 4.81 120 120
21 H3' 21 H5 4.81 1.20 1.20
9 H3' 9 H2' 2.50 0.62 0.62
21 H3' 21 H2' 250 0.62 0.62
9  H4 9 H2' 400 - '1.00 1.00
21 H4' 21 H2' 4.00 1.00 1.00
9 H4' 17 H2 5.65 1.41 1.41
21 H4' 5 H2 5.65 1.41 1.41
10 H1' 9 H2" 3.96 0.99 1 0.99
22 HI 21 H2" 3.96 0.99 0.99
10 HS 9 H2" 3.12 0.78 0.78
22 HS 21 H2" 3.12 0.78 0.78
10 HS 10 H1' 3.46 0.86 0.86
22 H8 22 ‘HU 346  0.86 0.86
10 H2" 10 H1' 2.86 0.71 0.71
2 H2" 22 H1' 286 071 071
10 H3' 10 H2' 3.05 0.76 0.76
22 H3 22 H2'  3.05 076 076
10 H3' 10 H2" 3.54 0.89 0.89
20 H3' 20 H2"  3.54 0.89 0.89
11 HI' 10 -~ HI 4.89 097 = 097
23 HI' 22 H1' 4.89 0.97 0.97
11 H6 10 H2" 3.59 1.50 1.50 )
23 H6 2 H2" 3.59 1.50 1.50
11 H2' 11 H1' 2.78 0.69 0.69
23 H2! 23 H1' 2.78 0.69 0.69
11 H2" 11 H1' 2.49 0.62 0.62
23 H2" 23 H1' 2.49 0.62 0.62
11 H3' 11 H2' 3.00 0.75 0.75
23 H3' 23 H2' 3.00 0.75 0.75
11 H4' 11 HU' 2.78 0.70 0.70

23 H4' 23 HI' 2.78 0.70 0.70
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11 H4' 11 H2' 2.98 0.74 - 0.74
23 H4' 23 H2' 2.98 0.74 0.74 ?
12 H2' 11 H1' 2.66 0.66 0.66
24 H2' 23 HI' 2.66 0.66 0.66
12 H2' 11 H8 251 0.63 0.63
24 H2' 23 HS 2.51 0.63 0.63
12 H3' 11 H2' 2.74 0.69 0.69
24 H3' 23 H2' 2.74 0.69 0.69
12 H4' 11 HI' 403  1.01 1.01
24 H4' 23 HI' 403  1.01 1.01
17 H2 8 H1' 5.81  1.00 1.45
5 H2 20 H1' 5.81 1.00 1.45
Class bp _

“Base 1 Atom 1 Base 2 Atom 2 Dist Lower Upper
1 N4 24 06 2.91 0.10 0.10
1 N3 24 N1 2.95 0.10 0.10
1 o2 24 N2 2.86 0.10 0.10
2 06 23 N4 291 0.10  0.10
2 N1 23 N3 2.95 0.10 0.10
2 N2 23 02 - 2.86 0.10 0.10
3 N4 22 06 2.91 1 0.10 0.10
3 N3 22 N1 2.95 0.10 0.10
3 o2 22 N2 2.8  0.10 0.10
4 06 21 N4 2.91 0.10 - 0.10
4 N1 21 N3 2095 0.10 0.10
4 N2 21 02 2.86 0.10 0.10
5 N6 20 o4 2.95 0.10 0.10
5 N1 20 N3 2.82 0.10  0.10
6 N6 19 o4 295 0.10 0.10 -
6 N1 19 N3 2.82 0.10 0.10
7 o4 18 N6 2.95 0.10 0.10
7 N3 18 N1 2.82 0.10 0.10
8 o4 17 N6 2.95 0.10 1 0.10
8

N3 17 N1 2.82 0.10 0.10
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N4 24 06 2.91 0.10 0.10
9 N3 24 N1 295 . 0.10 0.10
9 o0 24 N2 2.86 0.10 0.10
10 06 23 N4 2.91 0.10 . 0.10
10 N1 23 N3 2.95 0.10 0.10
10 N2 23 02 2.86 0.10 0.10 |
11 N4 » 06 2.91 0.10 0.10° )
11 N3 2 N1 2.95 010 = 0.10
1 o2 2 N2 2.86 0.10 0.10
12 06 21 N4 2.91 0.10 0.10
12 N1 21 N3 2.95 0.10 0.10

12 N2 21 02 - 2.86 0.10 0.10
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Table S2. Chemical shift assignments (ppm) for the base and deoxyribose

protons of the Z3dU modified duplex.

Base  H8 H6 H5 HI’ H2 H2’ H¥ H4 CH,

o) 763 590 573 196 239 4.68 4.05
G* 7.94 587 264 269 495 431
c 725 532 560 1.82 226 4380 4.1l
G* 7.82 _ 540 2.62 273 497 430
A 8.10 596 268 291 504 444
A° 8.10 ‘ 6.17 257 291 499 445
T 7.07 590 190 254 482 420 125
X* 7.40 6.02 2.14 251 488 420
c’ - 7.49 569 5.77 200 242 483 4.15
G" 7.91 586 263 270 497 437
c! 730 541 573 187 231 479 4.13
G" 7.92 ) 6.14 236 260 466 4.15

23
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Table S3. Chemical shift assignments (ppm) for the protons of the 3-

aminopropyl side chain.

protons chemical shift
H, o : 1.98
H,, | 1.78
H, | 1.58
Hyy | 1.70
H,/H, | , 2.90
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Table S4. Chemical shift assignments (ppm) of the exchangeable imino and

amino protons of Z3dU duplex.

base pair
G’c"
cc'’
G'C’®
A’XE
AT

imino G1H/T3H
13.06
12.86
12.73
13.96
13.83

25

amino CNH,,
6.44
6.66
6.60

amino CNH,,
8.42
8.48
8.28
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Table S5. Chemical shift assignments (ppm) for the phosphates of the

unmodified and Z3dU modified Dickerson dodecamer.

phosphates A chemical shift for chemical shift for Z3dU
/ unmodified dodecamer modified dodecamer
P -3.81 - -3.86
P’ -3.93 _ -3.96
p’ | : l-3.74 | -3.79
p* -3.90 -3.93
P’ -4.04 -4.02
’ ps 414 - 418
p’ -4.13 -4.17
p? -4.03 -3.93
p° . -3.67 -3.91
plo '- 3.81 387
p! ' -3.66 -3.68

26
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Table $6. Partial charge and atom type of Z3dU residue used for X-PLOR

calculation.
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Table S7. Helicoidal Parameters for the Bent Z3dU-Modified Dodecamer.

A. Local base-pair parafnetérs.

Base pair Shear Stretch Stagger  Buckle Propeller Opening

cL.G? 085 042 035 34,50 12.02 327
cact 013 0.05 050 = -9.38 771 143
C.G®  -0.94 -0.09 0.25 11091 037 2.60
G-C° 0.18 0.07 0.24 2169 314 479
AS-T 0.30 -0.09 037 171 . -692 492,
AST 0.94 011 042 1.40 6.70 765
T7-A® 095 012 038 1.08 558 767
TS.AS 020 -0.10 0237 0.67 483 -543
Co-G* -0.09 -0.09 0.15 2098  -455 458
G.Cc* 095 0,09 0.30 1227 0.70 267
cLG? 011 0.03 043 922 5.96 0.97

G»-Ct -0.83 -0.43 -0.40 32.54 -13.06 4.10

28
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B. Local base-pair step parameters.

Base pair Shift Slide Rise Tilt Roll Twisf:
c.G? . 081 -055 . 228 117 . 20.22 12.75 .
G-C" 0.23 -0.80 3.43 1.78 23.62 26.01
c-G*Y  -1.59 -0.53 2.33 -0.14 1.66 31.56
G-C -0.45 -1.07 3.54 3.28 2543 33.42
| AS-T® -0.07 -1.19 3.01 -0.35 1.82 34.53
AS-T7 -0.02 -1.50 2.94 -0.20 -6.97 29.42
T7-A® 0.03 -1.17 2.99 0.53 1.96 34.59
TS-A° 0.49 -1.05 3.48 -2.30 25.92 32.96
C-G* 1.62 -0.51 2.30 -0.32 248 31.11
G"-C? -0.28 -0.82 3.48 -0.88 2474 26.09

C1-G? -0.72 -0.56 2.32 -1.37 20.71 12.88

29
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C. Local base-pair helical parameters.

Base pair X-disp Y-disp Rise Inci. Tip Twist
C-G? = -541 171 080 58.05 . -3.36 23.90
G-C* -4.78 -0.13 2.05 42.85 -3.23 35.04
C.G®  -1.19 2.90 231 305 026 31.60
G-C° -4.11 0.97 2.18 3805 -4.90 41.90
AS-T? 226 008 2.94 3.06 0.60 34.58
AS-T? -1.54 0.00 3.20 -13.49 0.38 30.21
T7-A -2.23 0.02 2.92 329 -0.90. 34.65
TE-AS -4.11 -0.92 2.11 39.01 345 . 4176
C-G* 128 - -3.05 224 462 0.59 31.21
GP-C? -4.82 0.33 200 4416 1.57 35.81
C"-G? | -5.41 1.43 0.80 5838  3.86 24.39
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- Figure S1. (A) Distribution of experimental NOE restraints applied in the
structural refinement. Solid bars, intranucleotide NOEs; cross-hatch bars,
internucleotide NOEs;. open bars, 73dU-DNA NOEs. The internucleotide
NOEs are counted in the direction n — n — 1. (B) Bar diagrams showing the
per-residue R;* values for the modified Dickerson dodecamer. Solid bars,

intraresidue R,*values, cross-hatch bars interresidue R,* values.
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