Stacking Effects on Local Structure in RNA: The Structure of Tandem GA
Pairs Changes When Flanking GC Pairs are Replaced by isoG-isoC Pairs

Gang Chen, Ryszard Kierzek, Ilyas Yildirim, Thomas R. Krugh, Douglas H. Turner, and
Scott D. Kennedy

Table S1. List of NMR distance restraints for the model of
the RNA duplex (GCiGGAICGCA), with only one set of the 2-
fold symmetric restraints shown. See text for dihedral
angle restraints.

Hydrogen bond restraints:

1:G5"_1:H1 1:C_8*:N3 1.800 2.500
1:G5"_1:06 1:C_8*:N4 1.800 3.500
1:G5"_1:N2 1:C_8*:02 1.800 3.500
1:C_2:N3 1:G_7*:H1 1.800 2.500
1:C_ 2:N4 1:G_7*:06 1.800 3.500
1:C_2:02 1:G_7*:N2 1.800 3.500
Instrastrand restraints from SNOESY

1:G_4:H8 1:1G_3:H8 2.231 5.205
1:1G_3:H1 1:G_4:H1" 2.092 4.880
1:1G_3:H1 1:G_4:N2 2.350 5.500
1:G_4:H1 1:1G_3:N6 2.130 5.500
Cross-strand restraints from SNOESY

1:A 5:H8 1:G_4*:N2 1.800 5.000
1:G_4:H1 1:G_4*:-H2" 2.398 5.596
1:A 5:H8 1:A 5*:N6 1.800 5.000
1:G_4:N2 1:G_4*:-H2" 1.862 5.000
Cross-strand restraints from d2o noesy

1:A 5:H2 1:A 5*:H1" 1.800 3.751
1:G5"_1:H1" 1:A3"_9*:H2 2.000 5.000
Intra-strand restraints from d2o0 noesy

1:G5"_1:H8 1:G5"_1:H1-" 2.516 4.672
1:G5"_1:H8 1:G5"_1:H2" 2.822 5.242
1:G5"_1:H8 1:G5"_1:H3" 2.317 4.303
1:G5°_1:H1-" 1:G5°_1:H2* 1.896 3.522
1:G5"_1:H1-" 1:G5"_1:H3" 2.428 4._.509
1:G5"_1:H1" 1:G5"_1:H4" 2.345 4.355
1:G5°_1:H1-" 1:C_2:H6 3.023 5.615
1:G5"_1:H3" 1:C_2:H6 2.136 3.966
1:C_2:H5 1:G5°_1:H2* 2.615 4.857
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Table S2. Proton chemical shifts assignments of (GCIGGAICGCA),. The exchangeable protons were assigned at -5 °C by SNOESY
and an exchangeable proton TOCSY. The nonexchangeable protons were assigned at 30 °C by combined analysis of NOESY,
TOCSY, DQF-COSY, *H-*'P HETCOR, and natural abundance *H-"*C HMQC. Values in parentheses are for the major/minor

conformation at 5°C for nonexchangeable protons and the minor conformation at —=5°C for exchangeable protons.

imino | amino | 2-OH | HemHg | HHs H1' H! H3 m H5/ H5"
G1 | 1255 |833630| 713 | 813 N/A 5.91 48 4.55 445 | 414/3.97
c2| nA |8a3659| 752 | 777 5.22 5.59 4.69 4.59 446 | 4.60/4.18
iG3 (%Zg) 0.75/6.50 | 743 | 7.41 N/A 5.62 452 4.36 445 | 445417
G4 (?'2?3) 688 | 5.4 7.83 N/A (5_2;5‘}2.9) 4.37 4.84 455 | 4.49/4.21
A5 | NA | 585 | 711 | 808 7.95 5.87 478 443 457 | 458/4.25
ic6| NA | 875 | 6.75 752 (5.751'?5? 0| @ 641';%5?28) 4.40 4.37 474 | 435/4.12
G7 (12:(152) 8.14/6.02 | 693 | 758 N/A 5.76 453 4.50 441 | 4440407
ca| NA |80U697| 679 | 7.48 5.16 5.48 439 443 438 | 4520407
A | NA | 647 | 652 | 804 7.44 6.01 4.07 431 426 | 4.45/4.40

N/A: not applicable




Table S3. List of NMR distance restraints for the model of RNA duplex
(GGICGAIGCCA), with only one set of the 2-fold symmetric restraints shown. See text

for dihedral angle restraints.

Hydrogen-bond restraints

1:G5'_1:H1 1:C_8*:N3
1:G5'_1:06 1:C_8*:N4
1:G5'_1:N2 1:C_8*:02
1:C_7:N3 1:G_2*:H1
1:C_T7:N4 1:G_2*:06
1:C_7:02 1:G_2*:N2
Intrastrand restraints from SNOESY
1:G_2:HT' 1:G5'_1:N2
1:1C_3:HY 1:G_2:N2
1:1G_6:N6 1:C_7:N4
1:C_T7:H5 1:C_8:N4
Cross-strand restraints from SNOESY
1:A 5:H2 1:G_4*:H1
1:G_2:H1 1:1G_6*:H1
1:G_2:H1 1:1G_6*:N6
1:C_8:HI' 1:G_2*:N2
1:A3"_9:HT' 1:G5'_1*:H1
Cross-strand restraints from d2o noesy
1:A 5*:H2 1:A 5:HT
1:G5'_1*:H8 1:A3'_9:H2
1:A3" _9:H2 1:G5'_1*:H1'
Intra-strand restraints from d2o noesy
1:G5" 1:HTI' 1:.G5' _1:H2
1:G5' _1:HT' 1:G5'_1:H3
1:G5" 1:HT' 1:.G5' _1:H4
1:G5'_1:H8 1:G5'_1:HI'
1:G5'_1:H8 1:.G5' _1:H3
1:G5'_1:H8 1:G5'_1:H4'
1:G5'_1:H8 1:G_2:H8
1:G_2:HI' 1:G5'_1:H2
1:G_2:H8 1:G5'_1:H2
1:G5' _1:H2 1:G5'_1:H4'
1:G_2:H8 1:G_2:H1'
1:G_2:HI' 1:G_2:H2'
1:G_2:H8 1:G_2:H2'
1:IC_3:H5 1:G_2:H2'
1:1C_3:H6 1:G_2:H2'
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1.800
1.800
1.800
1.800
1.800
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2.57
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2.40
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3.500
3.500
2.500
3.500
3.500

4.74
4.30
4.20
6.00

3.26
4.20
6.00
4.30
6.00

6.00
6.00
5.85

3.69
4.67
4.14
4.63
4.06
4.93
6.00
5.38
3.57
4.77
5.09
3.66
4.60
4.46
3.27
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1:C_8:H5
1:1G_6:H2'
1:1G_6:H2'
1:1G_6:H3'
1:1G_6:H3'
1:C_T7T:HY'
1:C_7:H2
1:C_T7:H2
1:C_7:H2'
1:C_T7:H2
1:C_7:H2
1:C_T7:H3
1:C_7:H3
1:C_T7:H3
1:C_7:H3
1:1G_6:H8
1:C_7:H5
1:C_8:H1'
1:C_8:H2'

2.08
2.50
2.73
2.23
2.45
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3.49
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2.03
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1.96
2.42
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2.31
1.97
2.83

6.48
3.49
4.58
3.05
3.76
451
6.00
5.25
3.65
4.49
3.90
4.30
3.66
5.25



Table S4. Proton chemical shifts assignments of the major conformation of (GGICGAIGCCA)2. The exchangeable protons were
assigned at 5 °C by watergateNOESY. The nonexchangeable protons were assigned at 5 °C by combined analysis of NOESY,

TOCSY, DQF-COSY, *H-*P HETCOR, and natural abundance *H-*C HMQC. Values in parentheses are for the minor

conformation. Shifts labeled with * were determined at 42 °C because they could not be definitely assigned at 5 °C.

imino amino H6/H8 H2/H5 H1’ H2’ H3’ H4’ H5’/H5"”
G1 | 12.26 (12.20) | 8.15/6.28 8.14 N/A 5.95 5.02 457 4.46 4.13/3.98
G2 | 1319 (13.11) | 851/5.92 | 7.35 (7.39) N/A 5.81 4.49 4.55 4.64%/4.13
iC3 N/A 7.74(734) | 5.15(4.79) |543(552)| 4.15 4.69 446 | 4.54%14.17*
G4 | 1157 (9.77) 5.27 8.02 N/A 5.95(5.66) |  4.93 4.85 453 | 4.51%/4.23*
A5 N/A 7.92 759 (7.80) |6.06(5.88) | 4.75 4.37 466 | 4.48%/4.11%
iG6 | 13.02(13.40) | 10.29/7.43 | 6.92 (7.65) N/A 550 (4.23) | 4.37 4.43
C7 N/A 8.32/7.00 | 7.72 (7.60) 5.31 5.40 4.19 4.43 4.36 4.52/4.04
C8 N/A 8.18/6.94 7.61 5.41 5.45 4.42 4.46 4.36 4.50/4.04
A9 N/A 7.99 7.29 5.98 4.03 4.30 4.23 4.46/4.05

N/A: not applicable
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Figure S1) Top: 2D TOCSY of (GGICGAIGCCA); at 5°C with mixing time of 40 ms.
Peaks with black labels are pyrimidine H5-H6 proton cross peaks from the major
conformation. Peaks with blue labels are indirect TOCSY cross peaks due to exchange.
Peaks with red labels are direct exchange cross peaks. Bottom: Aromatic region of 2D
NOESY with mixing time of 100 ms at 5°C indicating direct exchange cross peaks.
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Figure S2) Aromatic and H1'/H5 region of proton spectra of (GGICGAIGCCA); in D,O
at the indicated temperatures. At low temperature major and minor conformations are
observed for some resonances, indicated here for iG6H8 and A5H1', which become one

average resonance at high temperature.
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Figure S3) 2D ROESY of (GCiGGAICGCA), at 5°C. The mixing time is 25 ms.
Maroon colored peaks have opposite sign with respect to blue peaks. Through-space
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interactions in ROESY spectra result in cross-peaks with opposite sign relative to peaks

on the diagonal. Blue cross-peaks with black labels are direct exchange cross peaks.

Maroon cross-peaks with red labels are H1'-H2' ROE cross- peaks from the major
conformation. The ROE cross-peak for iC6H1" is outside the plotted region and the
cross-peaks for iG3H1'-H2' and G4H1'-H2' are below the lowest contour. Narrow, blue

cross-peaks marked with an “x” involve scalar coupling within an impurity.
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Figure S4) 2D *H-'H TOCSY of (GCiGGAICGCA), at 30°C with 40 ms mixing time
(top) and (GGICGAIGCCA); at 42°C with 100 ms mixing time (bottom) showing weak
scalar coupling between G4H1' and G4H2'. Unlabeled cross-peaks are not associated
with the duplexes and are most likely due to single-strand RNA present at temperatures
approaching the melting temperature.
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