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SUPPLEMENTARY MATERIAL

Table S1. Raw nuclear spin relaxation data ( N R, R; and hetNOE) of the cdM2-1 backbone in
its free and RNA-bound state. [cdM2-1] = 350 uM, [RNA] = 115 uM, 25 °C, and 14.1 T (‘H

frequency of 600 MHz).
Res cdM2-1 cdM2-1 + RNA
Rl iRl R2 iRz hNOE +hNOE Rl iRl Rz iRZ hNOE +hNOE
59 1.195 0.019 1.86 0.34 -0.871 0.009 1.181 0.016 2.23 0.352 -0.79 0.008
60 1.268 0.009 1.734 0.173 -0.53 0.008 1.248 0.016 2.097 0.186 -0.483 0.008
61 1.318 0.02 2.363 0.336 -0.609 0.01 1.273 0.027 2.839 0.358 -0.572 0.009
62 1.281 0.021 2.402 0.38 -0.409 0.012 1.207 0.016 2.56 0.421 -0.412 0.011
63 1.323 0.017 2.422 0.31 -0.285 0.006 1.315 0.016 2.863 0.32 -0.214 0.006
64 1362 0.012 2.639 0.242 -0.239 0.006 1.325 0.011 3.079 0.224 -0.252 0.006
65 1455 0.011 3.299 0.158 -0.173 0.007 1.411 001 3.606 0.161
66 1.498 0.006 3.797 0.074 0.086 0.007 1.439 0.007 4.384 0.107 0.038 0.007
67 1574 0.006 4.355 0.116 0.083 0.007 1.481 0.009 6.002 0.175
68 1546 0.013 4.703 0.162 0.212 0.009 1.482 0.016 5.685 0.189 0.18 0.009
69 158 0.016 5.822 0.203 0.275 0.009 1.493 0.016 7.737 0.232 0.224 0.011
70 1.609 0.013 6.446 0.167 0.369 0.009 1.502 0.012 8.836 0.212 0.335 0.012
71 1569 0.01 6.821 0.256 0.344 0.01
72 1509 0.006 8559 0.155 0.505 0.009
73 1549 0.017 8,558 0.185 0.429 0.013 1.397 0.013 12.708 0.271 0.413 0.018
74 1.364 0.008 7.611 0.144 0.44 0.013 1.17 0.019 14811 0.266 0.561 0.032
75 1409 0.015 9.365 0.121 0.727 0.02 1.232 0.012 15.775 0.323 0.702 0.039
76 1396 0.006 10.486 0.163 0.732 0.021 1.124 0.02 21.211 0.606 0.738 0.056
77 1381 0.005 11.199 0.117 0.83 0.022 1.06 0.024 21544 0.894 0.889 0.068
78 1.432 0.007 11.255 0.1 0.773 0.021 1.108 0.029 20.676 0.648 0.805 0.062
79 1453 0.015 11.819 0.13 0.827 0.027 1.198 0.046 24589 1.341 0.753 0.076
80 1.452 0.01 11.458 0.092 0.803 0.022 1.082 0.034 20.547 1.177 0.862 0.094
81 1.433 0.012 10.951 0.07 0.796 0.018 1.127 0.021 20.444 1.018 0.79 0.076
82 1.465 0.006 11.709 0.164 0.767 0.016 1.137 0.022 23.437 0.716 0.682 0.056
83 1505 0.009 10.96 0.088 0.749 0.017 1.19 0.022 20.399 0.954 0.889 0.067
84 1.452 0.012 14.922 0.123 0.798 0.024 1.224 0.042 2488 1.925 0.848 0.093
85 1.461 0.009 10.962 0.138 0.761 0.017 1.174 0.025 19.923 0.644 0.844 0.056
86 1479 0.008 10.73 0.166 0.761 0.016 1.16 0.027 20553 0.84 0.738 0.05
87 1.421 0.009 16.194 0.169 0.77 0.023 1.14 0.023 24944 0.574 0.792 0.059
88 1.463 0.016 16.649 0.261 0.739 0.026 1.122 0.035 27.645 1.304 0.659 0.077
89 1449 0.016 12.658 0.263 0.708 0.017 1.165 0.017 20489 0.72 0.713 0.045
90 1.278 0.008 11.008 0.161 0.649 0.019
91 0.754 0.02
92 1437 0.021 1159 0.244 0.836 0.024 1.051 0.089 22.116 2.475 1.091 0.215
93 1.429 0.008 11.589 0.165 0.775 0.017
94 1.45 0.007 11.087 0.223 0.795 0.017 1.042 0.035 22.841 1.288 0.69 0.072
95 1.443 0.01 11.717 0.157 0.783 0.02 1.112 0.016 23.941 0.777 0.703 0.063
96 0.809 0.018
97 1.407 0.006 11.337 0.117 0.741 0.017 1.035 0.032 21.201 1.056 0.584 0.063
98 1.458 0.011 11.755 0.144 0.783 0.022 1.13 0.038 23.609 0.842 0.753 0.066
99 1.395 0.006 11.445 0.103 0.767 0.014
100 1.339 0.003 9.865 0.14 0.767 0.016 0.576 0.047
101 1.429 0.006 11.639 0.106 0.776 0.017 1.091 0.028 23.224 0.936 0.807 0.07
102 1.398 0.01 10.866 0.141 0.793 0.018 1.095 0.023 23.316 0.781 0.688 0.068
103 1.406 0.006 11.872 0.093 0.796 0.02 1.057 0.036 23.601 1.262 0.792 0.085
104 1.423 0.008 1045 0.129 0.66 0.013 0.543 0.033
105 1.443 0.008 10.976 0.109 0.735 0.015 1.082 0.027 22.394 0.573 0.663 0.05
106 0.737 0.009
107 1.312 0.008 9.355 0.096 0.714 0.018 1.036 0.023 18.079 0.54 0.641 0.05
108 1.42 0.02 11.696 0.274 0.763 0.023 1.073 0.035 21578 0.77 0.859 0.082
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173 1536 0.004 7348 0.1 0.492 0.009 1345 0.01 1238 0.148 0.406 0.015
174 0.15 0.005
177 115 0.002 1.838 0.028 -0.739  0.006 1.137 0.003 2.106 0.021 -0.688  0.006

Table S2. Average "N relaxation rates and reduced spectral density values of secondary
structure elements of cdM2-1 in absence and presence of RNA. [cdM2-1] = 350 uM, [RNA] =
115 uM, 25 °C, and 14.1 T ("H frequency of 600 MHz).

Protein Fﬁ F% R, {lRl vor. 108700 @) 10
Region [s] [s] [s] [ps] [ps] [ns]
'::;:g";‘]' 1424005 11.3+1.1 8.040.8 0.76£0.05 52+1.0 25810 3.0£0.3
ol 144003 11.0+1.0 7.9+0.9 0.78£0.04 50+0.8  262+6  3.0:+0.4
loopl 1.42+0.08 13.4+28 9.5+1.8 0.73:0.04 6.0+0.8 256£16 3.6+0.8
02 141£003 112306 7.9+03 0.76£0.04 5.1+£09  258t6  3.0:0.2
T loop2 1314001 9.4+0.1 7.0+0.1 0724002 58204 23742 2.440.03
S a3 1375005 115502 84x03 0.75:0.02 53202 24910 3.03+0.03
T loop3 1.34£0.04 10.5£0.3 7.8804 0.69+0.06 6511 2429 2.76+0.08
ad 1412003 114405 8.1£04 0.77+0.04 4.9+0.8  257+6  3.0:0.1
loop4 135£0.01 10.5£0.1 7.8+0.1 0.78+0.04 5203  245+1 2.75+0.04
a5 1.47+0.01 104408 7.1£0.5 0.7440.07 59+1.7  267+5 27402
loop5 1.40£0.05 11.840.9 85+1.0 0.73+0.08 5.9+1.5 253413  3.1402
Wb 1.44:0.04 112304 7.8£03 0.79+0.03 4.7+0.6  262+7  2.9+0.1
':eeg;:g";‘]' 1.09£0.05 222421 204422 0.76£0.10 4.1=1.6  198£10 6.10.5
al  1.15£0.06 212425 185+23 0.80+0.07 3.6£1.4  210£10 5.8+0.7
loopl 1.15:0.02 23.4+3.5 204434 072£0.05 49409 20744  6.4+1.0
<42 1084003 229409 213£0.6 0724015 49+1.1 1957 6302
E loop2 1.04+0.02 18.1£0.5 17.4+0.6 0.64+0.05 5.8+0.8 18544  4.9+0.1
= 03 1.08£0.06 21.7£0.9 202+13 0.77£0.06 3.8+1.0 19610 5.9+0.3
S loop3 1.05:0.02 19.8£02 189802 061:0.11 6418  187+5  5440.1
S a4 1.09:0.04 223+1.8 204+1.6 0.77£0.10 3.9+1.8  199+8  6.1+0.5
“ loop4 1.05:0.01 20.940.4 19.9404 0.66+0.03  5.6+0.5  188+2  5.7+0.1
o5 1.11£0.07 20.8+1.0 18.8£0.7 0.75£0.08 43+1.5 200£11 5.7+0.3
loop5 1.01£0.08 222426 21.9+32 0.71+0.14 4.6£23 183416 6.140.7
w6 1.07£0.03 23.7+1.7 22221 080+0.11 3.4+1.8  195%6  6.5+0.5

Table S3. Extended model-free parameters for the RNA-free cdM2-1 calculated from Lipari-
Szabo formalism by using TENSOR2 program (1). [cdM2-1] = 350 uM, 25 °C, and 14.1 T (‘H
frequency of 600 MHz).

Residue Model — y° g2 +52 T, t7, R, R, S +S7
59 4 0 0.2098 0.01  7.658x10™° 6.1701x10* 1.6252 0.3463 1 0
60 5 0 0.0359 0.0218 8.0663x10° 1.3369x10™ 0 0 0.7228 0.0087
61 5 0 0.102 0.0373 7.3078x10™° 2.4301x10™ 0 0 0.791 0.0169
62 5 0 0.1127 0.0445 8.2225x10° 2.9419x10™ 0 0 0.7334  0.02
63 5 0 0.1175 0.0397 8.8646x10° 2.7558x10™ 0 0 0.7288 0.0161
64 5 0 0.1252 0.0282 9.1484x10° 1.837x10™ 0 0 0.7458 0.0118
65 5 0 0.1851 0.0163 9.1562x10° 1.2888x10™ 0 0 0.8027 0.0087
66 5 0 0.233 0.0081 1.1118x10° 1.0021x10™* 0 0 0.7759 0.0043
67 5 0 0.2692 0.0114 1.0766x10° 1.3397x10™ 0 0 0.8334 0.0063
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Table S4-S13. Structural detail of the non-covalent interactions determined from PLIP server (2)
for the structural models of the cdM2-1/RNA complexes.
Table S4: Model 1

Hydrogen bonds
) . Protein Side RNA
Residue Distance (A) Donor? chain? eroup
Glu71 3.84 o v ribose
Gly75 3.72 w x phosphate
Tyr83 2.00 v v phosphate
Ile84 3.82 x x ribose
Ser86 3.24 w b 4 ribose
Thr91 3.42 b 4 v base
Thro1 3.76 v W base
Thr91 3.76 b 4 v base
GIn93 3.80 b 4 b 4 base
GIn93 3.31 v v base
Ser94 3.58 v W base
Ser94 3.76 b 4 v base
Val97 3.99 ® b 4 base
Ser100 3.89 ' v phosphate



Lys150 2.77 v v ribose
Lys158 3.68 ' v base
Lys159 2.30 o v ribose
m-cation interactions
Residue Distance (A) cflz(;;?crll? ;’;ﬁ)
Lys150 5.20 w base
Lys158 5.72 v base
Salt bridges
Residue Distance (A) Pr(')t.e m RNA
positive? group
Lys92 3.32 v phosphate’
Lys92 3.88 v phosphate
Lys101 5.09 v phosphate*
Lys101 3.73 v phosphate®
Lys150 3.92 v phosphate*
Lys150 439 v phosphate®
Table S5: Model 2
Hydrogen bonds
. . Protein Side RNA
Residue Distance (A) Donor? chain? eroup
Ser86 3.47 v v phosphate
Ser86 3.56 ® w phosphate
Lys92 3.97 v v phosphate
Lys92 3.34 v x Ribose
Ser133 3.43 w w phosphate
Ser137 2.23 v v phosphate
GIn144 3.89 v v base
Thr145 3.01 x x base
Thr145 2.91 v v base
Leul48 2.95 x x ribose
Argl5l 2.35 X v base
Lys158 3.01 v v ribose
T-cation interactions
Residue Distance (A) clljlgcr)tg?g? ;’(;Ilfr;
Argl5l 4.98 w base
Argl51 4.70 i base
Salt bridges
Residue Distance (A) pl())rs(i):ie\i? ;’(;Ilfr;
Lys92 3.64 v phosphate’
Lys92 3.39 v phosphate”
Lys143 5.45 w phosphate
His147 3.67 v phosphate
Lys150 5.05 v phosphate’
Lys150 4.11 v phosphate®
Lys158 2.50 w phosphate




Table S6: Model 3

Hydrogen bonds
. . Protein Side RNA
Residue Distance (A) Donor? chain? eroup
Gly75 4.07 ®x ®x base
Ser82 2.69 x v ribose
Tyr83 3.17 w w phosphate
Tyr83 3.17 ® v phosphate
Ser86 3.22 x v ribose
Asn88 2.37 v v phosphate
Asn89 2.51 v v base
11e90 3.63 x x phosphate
Lys92 3.76 v v phosphate
Thr104 3.99 v v ribose
Ser133 3.89 v v phosphate
Ser133 4.07 ®x v phosphate
Lys143 4.08 v v base
GInl44 2.94 v v base
His147 4.01 ®x v base
Argl5l 3.30 v v base
Argl5sl 3.92 v v ribose
Argl5sl 3.92 x v ribose
Aspl55 3.12 v x phosphate
m-cation interactions
Residue Distance (A) CIP;;(r)tgeelg? ;E@
Argl5l 4.49 i base
n-stacking
: ) RNA
Residue Distance (A)  Type aroup
His168 4.39 T-shaped base
Salt bridges
Residue Distance (A) Protein RNA
positive? group
Lys92 3.00 v phosphate’
Lys92 4.94 v phosphate?
Lys101 2.97 v phosphate
Argl26 5.02 v Phosphate
Argl26 4.46 v Phosphate®
Lys143 4.67 w phosphate
Lys150 3.02 v Phosphate’
Lys150 5.37 w Phosphate®
Lys158 5.48 v phosphate
Table S7: Model 4
Hydrogen bonds
Residue Distance (A) Protein Side RNA




Donor? chain? group

Ser86 1.96 ® v base
Asn89 3.47 w w phosphate
Asn89 3.76 w ® phosphate
Throl 3.81 v v ribose
GIn93 3.72 4 w phosphate
Ser100 4.05 x x phosphate
Thr104 3.42 4 w phosphate
Thr145 3.59 v v phosphate
Thr160 2.99 v x base
Thr160 2.07 x v base

Asnl63 2.59 v v ribose
Asnl63 4.00 x v ribose
Salt bridges
Residue Distance (A) Prqtg mn RNA
positive? group
Lys150 4.52 v phosphate’
Lys150 2.52 v phosphate’
Table S8: Model 5
Hydrogen bonds
. . Protein Side RNA
Residue Distance (A) Donor? chain? aroup

Tyr83 3.94 v v base
Lys92 3.19 w w ribose
GIn93 2.03 v v phosphate
GIn93 3.21 x v phosphate
GIn93 3.15 x v phosphate
Ser122 3.93 x x phosphate

Argl26 3.97 v v base
Argl26 3.10 x x phosphate
Asnl129 3.66 v v ribose
Thr130 2.80 v v phosphate
Lys143 3.13 v v ribose
GIn144 3.66 v v phosphate
Lys150 346 x x phosphate
Lys150 2.38 w v phosphate
Arglsl 3.61 x v ribose
Argl5l 3.62 v v base
Arglsl 1.65 4 v ribose
Alal54 4.08 o x ribose

T-cation interactions

Residue Distance (A) cl})lg(r);lg? ;’(;Ilfr;

Lys150 5.17 o base

Salt bridges

Residue Distance (A) Protein RNA
positive? group

Lys92 2.25 w phosphate



Lys143
His147
His147
Lys150
Lys150
Argl5l
Argl5l
Lys159

4.36
3.57
4.97
4.77
4.76
3.87
3.98
4.37

Ceeeeeeg

phosphate
phosphate*
phosphate
phosphate*
phosphate
phosphate*
phosphate
phosphate

Table S9: Model 6

Hydrogen bonds
. . Protein  Side RNA
Residue Distance (A) Donor? chain?  group
Ser100 3.08 v w phosphate
Lys101 3.29 L 4 base
Thr104 2.08 ® v ribose
Thr104 3.48 v v base
Argl26 297 x v ribose
Serl133 3.90 v v ribose
Serl137 2.50 v ' phosphate
Asnl138 3.21 x #  phosphate
Asnl41 3.70 v ' phosphate
Lys143 2.73 v v base
His147 3.86 x v base
Arglsl 2.85 v v base
Vall56 2.70 x #  phosphate
m-cation interactions
Residue Distance (A) cflz(r)tgeelg? ;’c\)llﬁ:\)
Lys101 3.41 v base
Lys143 242 o base
Table S10: Model 7
Hydrogen bonds
. . Protein Side RNA
Residue Distance (A) Donor? chain? aroup
Thro1 3.58 w w ribose
Ser94 3.67 v v phosphate
Argl26 2.01 w w phosphate
Argl26 2.37 v ' phosphate
Argl26 2.47 x v phosphate
Thr130 3.78 v v ribose
Lys143 3.11 x x phosphate
Lys150 2.50 v x phosphate
Argl5l 3.33 v v base
Aspl55 3.95 x x phosphate
Lys159 3.42 v v ribose
Asnl63 3.93 v v ribose
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Salt bridges

Residue Distance (A) Protein RNA

positive? group
Lys92 3.56 w phosphate
Lys101 5.34 v phosphate’
Lys101 2.80 v phosphate
Lys143 4.46 v phosphate*
Lys143 5.09 v phosphate
Lys150 4.16 v phosphate*
Lys150 4.30 v phosphate
Lys159 4.04 w phosphate

Table S11: Model 8

Hydrogen bonds
. . Protein Side RNA
Residue Distance (A) Donor? chain? group
Tyr83 3.82 v v phosphate
Ser86 3.24 b4 ' base
Asn88 3.46 ® ® ribose
Throl 4.01 v v phosphate
GIn93 3.54 v w ribose
Ser94 3.43 v v phosphate
Ser133 3.99 v w phosphate
Ser133 3.99 x v phosphate
Asnl4l 3.24 x v ribose
GIn144 3.77 x v base
Lys150 2.70 v v ribose
Argl51 2.14 v x base
Argl5l 3.75 v v base
Argl5sl 2.82 v v base
Leul52 2.85 x x base
Alal54 4.00 ® x base
Aspl55 2.82 ® x phosphate
Vall56 4.06 ® x ribose
Leul57 3.23 x x phosphate
Lys158 3.21 v v base
Lys159 2.12 e v base
m-cation interactions
Residue Distance (A) clljlgcr)tg?g? ;’;Ilﬁ)
Argl5l 4.54 . base
Salt bridges
Residue Distance (A) Protein RNA
positive? group
Lys140 1.97 w phosphate
Lys143 2.56 v phosphate’
Lys143 425 v phosphate®
Lys150 4.94 w phosphate
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Table S12: Model 9

Hydrogen bonds
) . Protein Side RNA
Residue Distance (A) Donor? chain? aroup
Tyr83 3.99 v v ribose
11e90 3.50 ®x ®x ribose
Lys92 2.38 v v base
Lys92 221 v x base
GIn93 3.50 x x ribose
Argl26 3.97 v v ribose
Asnl129 4.08 v v ribose
Thr130 2.96 x v ribose
Ser137 2.42 v v ribose
Asnl41 2.54 v v phosphate
GInl144 3.07 v v Phosphate
GInl144 3.75 x v phosphate
Lys150 2.75 o v base
Argl5l 3.58 v v base
Argl5sl 2.45 o . base
Argl5l 2.24 v v phosphate
Aspl55 3.25 W x base
Aspl55 3.92 v v base
Aspl55 3.92 ®x v base
Vall56 2.93 v x base
Thr160 3.93 ® v base
T-cation interactions
Residue Distance (A) clP;;(r)tgeelcrll? ;2‘@
His147 3.63 v base
Lys150 2.76 o base”
Lys150 3.00 v base”
Salt bridges
Residue Distance (A) pl())rs(i)':ie\g? gl;\)rgllﬁ\)
Lys92 3.99 v phosphate’
Lys92 3.84 v phosphate®
His147 5.25 v phosphate
Lys150 4.56 v phosphate
Argl51 2.50 v phosphate
Table S13: Model 10
Hydrogen bonds
. . Protein Side RNA
Residue Distance (A) Donor? chain? eroup
Glu8l 3.25 b 4 v base
Ser82 2.42 w w phosphate
Tyr83 2.34 v v phosphate
lle84 2.88 x X base
Gly85 2.79 x x base
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Asn88 2.38 x v ribose
Asn88 3.72 v v phosphate
Thro1 4.02 v x base
Thro1 3.82 v v base
Thro1 3.82 x v base
Lys92 3.10 v x phosphate
Argl26 3.38 v w ribose
Thr130 3.09 ' v phosphate
Lys143 4.07 w 4 base
GInl144 3.87 ' v base
GInl144 3.88 ® v base
Lys150 3.87 v v base
Arglsl 3.84 4 w phosphate
Argl5l 4.03 4 v base
Alal54 3.61 x x phosphate
Lys159 2.72 v v ribose
Lys169 2.10 v v base

T-cation interactions
Protein RNA
charged? group

Residue Distance (A)

His147 4.36 w base
Lys169 2.78 o base
n-stacking
Residue Distance (A)  Type ;’c\)lﬁ)
His147 4.42 parallel base
His147 3.04 parallel base*
His147 2.90 parallel base*
Salt bridges
Residue Distance (A) Protein RNA
positive? group
Lys92 5.08 v phosphate”
Lys92 4.14 v phosphate?
Lys92 527 w phosphate®
Lys150 2.53 v phosphate’
Lys150 4.08 v phosphate®
Lys159 5.11 v phosphate

Table S14. The primary sequences of 10 RNAs were generated from the Random Sequence
Generator (RSG) webserver (www.molbiotools.com) setting the length of sequence equal to 40
and AU content at 80%.

RNA sequences

AUAAGUUUAUUAUUAAAUUCAAAAGUUAAAACUUUAUAUU
AAACUUUUACAUUUGUUUAUUGAAAAUUUUGAUAUUAGUU
AUCUUAUAAAAUUACUACAUUAGGUUGGUUAUUGUUAUAC
GUCUAAAAUGUAUAUCUCAUAUAUAAUGAAAUACAUACUG



AUUAAGCUAAUAAUAUUAUGAGUUUGUAUUGAUUAUGUUU
ACGAUUUAAAGAUGGAGUACUCACUAUUUUGAUUAUAGAU
UAUAAAACGAUAUAGAAAUUUUUUAUUAUUAUAGUUUGAA
GUAGGUUUAGUAUGUAAGUAACCACUAUACAGUUUAAACA
AAGAUUGUUAUAAUAAAUCAUGACUUUUUUAAAUUAAAUA
AGAGUUAAUAUCUUGCUAAAUUUACUAAGACAAUAUUUUU
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