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Supplementary Information

SI Figure 1 NMR structure of the EMCV 16mer apo RNA shown as an ensemble of the 10
lowest energy and RMSD (A) structures (A), and the final NMR structure (B). The four
residues of the Gs47CGAsso tetraloop are labelled. (C) Conformation of the Gs47CGAss
tetraloop motif of the 16mer RNA, with the flanking stem Gs46.Css; base pair drawn from the
NMR structure and (D) scheme showing the hydrogen bonding and internucleotide base-
phosphate, sugar-phosphate, and base-sugar interactions (dotted lines) which are < 3.5A.
Other representations are as follows: black circles, sugar moiety; blue circles, phosphate
group; black box, base; red filled box, base stacking; solid lines, glycosidic and

phosphodiester bonds.

SI Figure 2 NMR structure of the EMCV 17mer apo RNA shown as an ensemble of the 10
lowest energy and RMSD (A) structures (A), and the final NMR structure (B). The residues
of the heptaloop motif (A607-A613) are labelled. (C) Conformation of the heptaloop motif of
the 17mer RNA, with the flanking stem Cgo6.Gg14 base-pair drawn from the NMR structure
and (D) scheme showing the hydrogen bonding and internucleotide base-phosphate, sugar-
phosphate, and base-sugar interactions (dotted lines) which are < 3.5A. Other representations
are as follows: black circles, sugar moiety; blue circles, phosphate group; black box, base; red
filled box, base stacking; solid lines, glycosidic and phosphodiester bonds. There is no red

filled box between residues 5°C and 1A as no base stacking was observed.

SI Figure3 400 MHz '"H- NMR titration (imino proton region) of the 17mer RNA (0.53mM)
with Mngr (molar equivalents), dissolved in 90% 'H,0 and 10% *H,O containing 20 mM
PO,> (pH 6.2) and 20 mM NaCl at 5°C.

SI Table 1 'H, °C and *'P Chemical shift table (ppm) of the EMCV (A) 16mer apo RNA,
(B) 16mer RNA/Mg2+ complex, (C) 17mer apo RNA and (D) 17mer RNA/Mg2+ complex.
The exchangeable and non-exchangeable proton resonances were measured at 2°C and 25°C,

respectively. Hydrogen bonded amino protons are denoted with an asterisk *.
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SI Table 2A. Local base-pair, base-pair helical and base-pair step parameters for the 16mer
RNA. The usual range observed for A-form helices is also given for each parameter. Angles

(°) are represented to 1dp and distances (A) to 2dp.

SI Table 2B. Local base-pair, base-pair helical and base-pair step parameters for the 16mer
Mg*" RNA. Angles (°) are represented to 1dp and distances (A) to 2dp. The usual range
observed for A-form helices is also given for each parameter. Values highlighted in yellow
and cyan indicate a change towards and away from A-form conformation when compared

with the apo 16mer RNA.

SI Table 2C. Local base-pair, base-pair helical and base-pair step parameters for the 17mer
RNA. Angles (°) are represented to 1dp and distances (A) to 2dp. The usual range observed

for A-form helices is also given for each parameter.

SI Table 2D. Local base-pair, base-pair helical and base-pair step parameters for the 17mer
Mg*" RNA. Angles (°) are represented to 1dp and distances (A) to 2dp. The usual range
observed for A-form helices is also given for each parameter. Values highlighted in yellow
and cyan indicate a change towards and away from A-form conformation when compared

with the apo 17mer RNA.
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Supplementary Information Figure 3
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Supplementary Information Table 1A.

Residue NH HH, HHZ H2 H5 HE H& H2' H3' H4' | H5' | HE" | C2 Cs C6 C8 |C1"|C2|C3'|Ca4|CE | ¥p
7.28 8.50 6.07 [ 817 456 | 484 | 438399 | 410 98.9 |143.0 893.7|75.5|73.5|844|51.8| -
6.62 2.1 7.68 8.3% 463 | 485 - - - [183aT 139.8|926(75.8|73.4| - - -
7.08 853 5.36 | 766 428 - - - - 7.3 [140.8 93.7|75.7| - - - -
7.00 8.52 5.52 | 7.80 434 - - - - S7.6 [141.3 942|758( - - - -
13.58 544 | 783 444 | 488 - - - 103.7 1418 942|752(720] - - -
1227 | s.82 8.18 .72 453 - - - - 136.2[52.4|75.8 - - 138
1048 - - 7.09 450 | 442 - - - 135.8|93.6(738|724| - - | 422
- - 544 | 770 442 | 407 - 3.80 | 421 7.5 (1426 93.3[75.8(723| - |840|2.88
10.54 - - 7.6% 435 [ 428 - - - 1371|g925| - - - - |-0.85
- - 8.27 8.15% 447 | 486 | 415 - - [1558 1388|917 |768|729(826| - |286
7.02 861 6.06 | 7.89 441 [ 418 - - - 997 (1416 95.2|744(723| - - -
6.45 772 7.04 8.08 467 | 478 - - - 1822 139.8|926(758|722) - - -
1299 | 605 g2.32 TAT 452 | 445 - - - 135.7|93.7 (755|729 - - -
13.31 6.07 - 7.8 447 - - - - 135.8|93.2 (754 - - - -
14.10 541 | 785 442 - - - - 102.2)140.8 92.5|755| - - - -
1278 - - 7.74 409 | 434 | 427 - - 136.3|91.0(78.0|706|84.0] - -
Supplementary Information Table 1B.
HH NHz NHF H2 HE HE H8 H1' H2' H3' H4' | HE' | HE" Cc2 Cs C6 ca c1 c2 Cc3' c4' Cs' Hp
7.04 2.45 5.04 | 814 551 | 455 | 484 | 438 | 3.97 [ 408 8987 143.1 4.1 754 | 735 | 843 51.5| -0.45
6.50 8.02 T.67 836 | 6.06 | 461 | 487 - - - 153.8 140.1 2.8 757 | 728 - - 0.08
7.03 .41 535 | 7T 5.51 | 427 - - - - ar.z 141.1 4.1 5.7 - - - -0.36
6.93 8.47 5.51 | 7.85 5.53 | 435 - - - - 976 141.5 93.6 5.4 - - - -0.32
13.54 546 | 7.54 5.54 | 444 | 466 - - - 1035 | 1415 935 | 754 [ ¥19 - - 0.57
1233 | 59 813 777 | 591 [ 449 - - - - 1364 | %22 | 758 - - - 1.18
10.66 - - 720 | 577 | 427 | 43 - - - 1366 | 939 - - - - 4.40
5.98 8.44 547 | 769 5.36 | 445 [ 408 - 380 ) 424 7.4 1427 934 | 757 [ 720 - 63.8( 3.01
- - - 754 | 5.47 | 425 | 437 - - - 137.0 | 925 - - - - -110
- - 828 208 | 614 | 445 | 4385 | 418 - - 1559 139.8 | 918 758 | 728 | 824 - 287
7.05 8.66 8.07 | 7.97 3.80 | 442 | 418 - - - 99.9 141.7 95.3 743 | 7486 - - -
6.39 7.76 7.04 813 | 596 | 465 || 479 - - - 152.5 1386 | 825 758 | 728 - - -
13.00 617 8.36 7.24 | 563 | 452 | 447 - - - 1357 | 822 75.5 - - - 021
13.33 | 6.1 - 715 | 570 | 447 - - - - 136.0 93.1 75.3 - - - -0.41
14.16 5.12 | 764 5.56 | 442 - - - - 103.1 141.0 93.7 5.7 - - - 0.60
12.64 - - 7.74 | 585 | 409 | 435 | 427 - - 1376 | 1.2 78.0 705 | 839 - 018
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Supplementary Information Table 1C.

Residue | NH NHz NHz* H2 H5 H& H& H1' H2' | H3' | H4" | HE' | H5" c2 C5 C6 ca c1 c2' c3 c4' C5' Hp

- - 807 579 [453 4583 | 442 (406|355 1388 | 928 75.1 744 | 847 | 628 | -415

573 - 765 | 551 [ 454 (455|458 | 422 - 13566 | 929 754 | 72T - 653 | 451

6.99 8.54 531 | 7.72 5.51 | 453 [ 457 | 445 | 4.14 - 7.5 | 1407 93.7 754 | 722 | B1.7 | 645 | 43

6.33 8.03 [7.32 8.02 | 553 [ 451 [ 452|445 | 415 - 153.0 138.3 | 832 758 | 73.0 819 | 653 [ -445
652 824 503 | 7.3 531 | 435 [ 435|445 408 - 87.3 | 1402 93.7 757 | 732 | 818 | 850 -
- - 7.83 8.36 | 613 - - - - - 154.1 - 91.6 - - - - -

- - 7.83 815 | 57 - 452 - - - 154.1 - 893.4 - 727 - - -4.64

- - 5.41 | 7.53 5.56 | 407 (441431382 - 875 | 1418 83.2 75.0 74.1 832 | 650 [ 457

- - 573 | 7.85 5.55 | 438 [ 431|445 - - 8985 | 1432 93.5 75.0 732 | 817 - -4.34
- - 561 | 7.76 572 | 442|442 - - - 984 | 1418 93.1 76.0 | 730 - - -
- - 573 | 7.87 5.66 | 445 [ 454|438 - - 88.1 1418 93.1 735 | 735 [ 820 - -
- - 2.1 822 | 559 | 486 | 481 - 4.36 | 427 [ 1541 1413 | 823 757 | 728 - 58.0 -

- - 795 | 613 | 458 - - - 1408 | 8186 - - - - -4.81

5.16 | 7.83 4.55 [ 451 | 447 | 414 - 103.0 [ 1415 93.5 75.1 732 | 818 - -4.20

5.95 8.12 772 4.49 | 458 - 414 | 405 138.1 925 75.4 - - 545 | 471

7.1 8.57 5.24 | 787 S5.47 | 423 [ 442|439 - - §7.0 141.0 894.0 75.7 | 721 83.3 - -4.45
7.07 §.48 5.51 | 7.67 5.75 [ 401 [ 417 ) 415 - - 984 | 1418 929 | 776 | 697 | 833 - -

NHp | NHp* | H2 | H5 | H6 | H8 | H1" | HZ | H3 | H4' | H5 | H5"
- - 607579 )492|465(442(408]|396
571 - 768 |591)465|469(4569(422) -
6.88 §.65 532|776 563|454 (469(446|414| -
6.30 604 | 732 603593449 |464(449[416
6.62 8.16 502)|738 533/431(439| - [409] -
- - 784 636613490 - - - -
784 617 | 576 | 473|465 - - -
541|755 555|407 (441(432]1392] -
571|787 5568(439(430| - - 394
557 |TTT 569 |446|443| - - -
569 7.87 566|447 |465] - - -
811 621|598 | 487|461 - (435|429
609 |615)466| - - - -
518 | 7.67 555|458 (454| - 1415] -
593 §.05 772|581 448 (461 - [414] -
6.84 §.63 525 | 7.69 548|424 1440] - - -
7.04 847 552|767 575 401]4147] - - -




Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2014

Supplementary Information Table 2A

Base-pair dx dy Inclin. (n) Tip (q) h-Rise (h) h-Twist ()
-5.39<dx<-2.95 0.88<dy<0.90 7.4<n<22 28.7<q<36.3 2.47<h<3.19 28.7<Q,<36.3
CG/AU -3.92 -0.51 12.6 2.1 2.71 30.3
AU/CG -3.48 0.63 5.7 -3.0 3.17 31.9
CG/CG -3.58 0.87 14.9 -5.2 2.47 294
CG/UA -4.49 -0.45 21.1 2.6 3.01 34.7
UA/GC -4.61 0.07 19.6 -1.2 2.56 30.6
GC/GA -2.12 2.70 14.5 5.2 2.43 58.4
Base-pair Shift (Dx) Slide (Dy) Rise (Dz) Tilt (1) Roll (p) Twist (o)
-0.54<Dx<0.54 -1.87<Dy<- 3.12<Dz<3.52 -2.7<1<2.9 4.1<p<11.9 27.4<»<34.8
1.19
CG/AU 0.17 -1.43 3.09 -1.1 6.5 29.6
AU/CG -0.18 -1.60 3.35 1.7 3.1 31.7
CG/CG -0.21 -1.14 2.88 2.6 7.5 28.3
CG/UA 0.12 -1.47 3.75 -1.5 12.3 32.5
UA/GC 0.02 -1.47 3.21 0.6 10.2 28.9
GC/GA -2.84 -1.50 2.61 -5.1 14.0 56.6

Supplementary Information Table 2B

Base-pair dx dy Inclin. (n) Tip (q) h-Rise (h) h-Twist ()
-5.39<dx<- 0.88<dy<0.90 7.4<n<22 28.7<q<36.3 2.47<h<3.19 28.7<Q,<36.3
2.95
CG/AU -3.96 0.60 18.5 -20.9 3.36 38.7
AU/CG -3.20 0.65 3.8 1.9 2.61 30.2
CG/CG -6.05 -0.45 27.6 8.4 2.40 32.0
CG/UA -3.79 -0.44 8.1 1.2 3.02 314
UA/GC -4.19 0.68 19.3 -0.3 2.74 34.4
GC/GA -2.66 5.18 2.6 -7.0 2.41 56.6
Base-pair Shift (Dx) Slide (Dy) Rise (Dz) Tilt (1) Roll (p) Twist (o)
-0.54<Dx<0.54  -1.87<Dy<-  3.12<Dz<3.52 -2.7<1<2.9 4.1<p<11.9 27.4<0<34.8
1.19
CG/AU 0.89 -1.48 3.91 13.4 11.8 34.5
AU/CG -0.42 -1.49 2.70 -1.0 2.00 30.1
CG/CG -0.19 -1.90 3.65 -4.5 14.6 28.2
CG/UA 0.17 -1.62 3.27 -0.7 4.4 31.1
UA/GC -0.38 -1.48 3.39 0.2 11.2 32.6

GC/GA -4.61 -2.41 3.02 6.6 2.5 56.2
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Supplementary Information Table 2C.

Base-pair dx dy Inclin. (n) Tip (q) h-Rise (h) h-Twist ()
-5.39<dx<-2.95  0.88<dy<0.90 7.4<n<22 28.7<q<36.3 2.47<h<3.19 28.7<02,<36.3
GG/CC -5.76 -0.68 373 -0.3 1.81 33.8
GC/GC -2.53 0.65 0.4 -0.0 3.67 32.1
CA/UG -6.04 -0.10 354 3.9 1.63 31.8
AC/GU -2.68 -0.97 -2.2 0.9 4.38 30.9
Base-pair Shift (Dx) Slide (Dy) Rise (Dz) Tilt (1) Roll (p) Twist (o)
-0.54<Dx<0.54 -1.87<Dy<-1.19  3.12<Dz<3.52 -2.7<t<2.9 4.1<p<11.9 27.4<0<34.8
GG/CC 0.41 -1.64 3.43 0.2 20.3 27.2
GC/GC -0.36 -1.37 3.68 0.0 0.2 32.1
CA/UG -0.11 -1.81 3.21 -2.0 18.3 26.1
AC/GU 0.45 -1.59 4.34 -0.5 -1.2 30.9
Supplementary Information Table 2D.
Base-pair dx dy Inclin. (n) Tip (q) h-Rise (h) h-Twist ()
-5.39<dx<-2.95  0.88<dy<0.90 7.4<n<22 28.7<q<36.3 2.47<h<3.19 28.7<02,;,<36.3
GG/CC -5.39 -0.15 329 -3.1 1.91 34.7
GC/GC -4.86 0.42 7.6 -0.3 3.14 29.1
CA/UG -5.58 0.04 273 -0.3 2.28 32.0
AC/GU -3.67 -0.70 2.5 0.5 3.82 28.8
CA/AG -2.76 1.21 6.5 -0.3 5.93 46.0
Base-pair Shift (Dx) Slide (Dy) Rise (Dz) Tilt (1) Roll (p) Twist (o)
-0.54<Dx<0.54  -1.87<Dy<-1.19  3.12<Dz<3.52 -2.7<1<2.9 4.1<p<11.9 27.4<w<34.8
GG/CC 0.23 -1.74 3.31 1.8 18.67 294
GC/GC -0.19 -2.02 3.42 0.2 3.8 28.8
CA/UG -0.01 -1.74 3.41 0.2 14.6 28.6
AC/GU 0.32 -1.66 3.90 -0.2 1.2 28.8
CA/AG -0.92 -1.52 6.13 0.2 5.1 45.7
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