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S1. Choice of DFT functional. For evaluating the choice of DFT functionals, the models were
built by methyl-capping the Arg and the interacting terminal ribonucleotides involved in Arg
forks, where only interacting portions of ribonucleotide were retained. Specifically, the
interacting guanidinium group of arginine was retained, which was capped at Ne by replacing
the delta (8) carbon with a methyl group. The interacting phosphate was capped at both O3’
and O5' by replacing C3'and C5' with methyl groups. However, whenever participating in an
interaction with the Arg fork, the sugar moiety was kept along with its respective nucleobase;
in these cases, the associated ribonucleoside was methyl capped at both the O3’ and O5'
positions. If the phosphate moiety is involved in Arg fork formation along with the sugar
moiety, the sugar moiety was methyl capped only at O3’ and the phosphate was capped by
replacing the C3’ of the ribonucleotide 5’ to the phosphate, with a methyl group. Furthermore,
when only the nucleobase moiety of the ribonucleotide interacts with Arg, either through
hydrogen bonding (in the case of guanine) or through cation-w interaction, the associated sugar-
phosphate group was removed, and the nucleobase was capped at the glycosidic nitrogen (N9
for purines and N/ for pyrimidines), by replacing the C/’ with a methyl group. In the cases
where the phosphate moiety of the interacting nucleobase is also involved in Arg fork
formation, the entire ribonucleotide was retained in the computational model, and the
ribonucleotide was methyl capped at both its O3’ and the phosphate oxygen (i.e., O3'of the
ribonucleotide 5’ to the phosphate). Missing hydrogen atoms in the PDB were added to the
heavy atoms to fulfill the requisite covalent bonding requirements. Finally, the total charge on
the Arg fork was calculated according to the number of phosphate groups (-2 for each) and the
guanidinium moiety of Arg (+1). These models are smaller than the original motifs and
truncated at many positions and were built to examine the efficiency of different density
functional theory (DFT) functionals to optimize Arg forks.

For benchmarking, three functionals — the Minnesota functional (M06-2X);! Becke’s
three-parameter hybrid Functional (B3LYP) with the D3 version of Grimme’s dispersion
incorporating the Becke-Johnson damping function (GD3BJ);? and the long-range corrected
functional (w-B97XD) which includes Grimme’s D2 dispersion® ’ were employed with the 6-
31G(d,p) basis set in Gaussian 16.® Also, to consider the effect of bulk solvent (water) on the
geometries and energetics of these models, the integral equation formalism variant of the
Polarizable Continuum Model (IEFPCM) was used.’
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Figure S1. Structures and PDB atomic nomenclature of arginine and the ribonucleotides. Wavy
lines in ribonucleotides represent the position of attachment of the next ribonucleotide in the
RNA chain.
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Figure S2. Superposition of the QM optimized reduced models of Arg forks on their
corresponding crystallographic occurrences using PyMOL. The crystal structure occurrence of
the Arg fork is shown by grey sticks, while the optimized Arg fork models using B3LYP,
®B97XD, and M06-2X methods are represented by red, green, and blue sticks respectively.
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Figure S3. NCI analysis of the ®-B97XD optimized Type P Arg fork models. RDG scatter
plots and isosurface plots, colored based on the values of sign(A2)p, are shown on the left and
right, respectively, along with a color scale of sign(A2)p at the bottom.
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Figure S4. NCI analysis of the ®-B97XD optimized Type HenP Arg fork models. RDG scatter plots and isosurface plots, colored based
on the values of sign(A2)p, are shown on the left and right, respectively, along with a color scale of sign(A2)p at the bottom.
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Figure S5. NCI analysis of the ®-B97XD optimized Type HnmP Arg fork models. RDG scatter
plots and isosurface plots, colored based on the values of sign(A2)p, are shown on the left and right,

respectively, along with a color scale of sign(A2)p at the bottom.
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Figure S6. NCI analysis of the ®-B97XD optimized Type HS Arg fork models. RDG scatter plots
and isosurface plots, colored based on the values of sign(A2)p, are shown on the left and right,
respectively, along with a color scale of sign(A2)p at the bottom.
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Table S1. Characteristics of distinct representatives of Type P Arg forks taken from Chavali ef al.

for this study.!”

Nomenclature | PDB | Hydrogen-bonding interactions Nucleobase(s)
of the Arg Code involved in
fork cation-n
interactions
P-1 11J2 Arg(K)8 [Neee«OP2] G(0)1354 U904
Arg(K)8 [Nn1esOP2] G(0O)644
Arg(K)8 [Nn2e++OP1] G(0O)644
Arg(K)8 [Nn2e+«OP2] G(O)1354
P-2 11J2 Arg(0O)61 [Nes++OP1] A(0)2739 U2736, C2737
Arg(0)61 [Nm1e-=OP2] U(0)2736
Arg(0)61 [Nm1ee=OP2] C(0)2737
Arg(0)61 [Nn2e=OP2] C(0)2737
Arg(0)61 [Nn2e==OP1] A(0)2739
P-3 1K8A | Arg(M)8 [NeeeeOP2] G(A)1354 U904
Arg(M)8 [Nnlee«OP2] G(A)644
Arg(M)8 [Nn2e+«OP1] G(A)644
P-4 SAOX | Arg(B)59 [NeeesOP1] A(C)28 U26
Arg(B)59 [Nn1e«OP2] U(C)26
Arg(B)59 [Nn2e+«OP2] A(C)27
Arg(B)59 [Nn2e+«OP2] A(C)28
P-5 5DM6 | Arg(I)21 [NeeeeOP1] G(X)1250 U811
Arg(D)21 [NnleesOP1] C(X)587
Arg()21 [Nn2e+sOP1] C(X)587
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Table S2. Characteristics of distinct representatives of Type HenP Arg forks taken from Chavali

et al. for this study.!”

Nomenclature
of Arg fork

PDB
Code

Hydrogen-bonding interactions

Nucleobase(s)
involved in
cation-m
interactions

HenP-1

1JJ2

Arg(C)182 [Nes++06] G(0)452
Arg(C)182 [Nn1+++OP1] C(0)450
Arg(C)182 [Nn1+==OP2] C(0)451
Arg(C)182 [Nn2++-OP2] C(0)451
Arg(C)182 [Nn2++*N7] G(0)452

C451

HenP-2

1XOK

Arg(D)17 [Nee++06] G(B)880
Arg(D)17 [Nn1e-=OP2] A(B)378
Arg(D)17 [Nn2++*N7] G(B)880
Arg(D)17 [Nn2¢+OP2] A(B)378

G877

HenP-3

2XLI

Arg(A)115 [Nee==06] G(A)11
Arg(A)115 [Nn1essOP2] C(A)9
Arg(A)115 [Nn1++OP2] C(A)10
Arg(A)115 [Nn2++OP2] C(A)10
Arg(A)115 [Nn2++*N7] G(A)11

C10

HenP-4

3NMU

Arg(B)334 [Ne+++06] G(E)31
Arg(B)334 [Nn1+-+OP2] A(E)29
Arg(B)334 [Nn1+-+OP2] U(E)30
Arg(B)334 [Nn2++sN7] G(E)31

U30, A32

HenP-5

3NVI

Arg(A)334 [Nee++06] G(E)22
Arg(A)334 [Nn1++OP2] U(E)21
Arg(A)334 [Nn2++OP2] U(E)21
Arg(A)334 [Nn2++*N7] G(E)22

U21, A23

HenP-6

4L8R

Arg(C)181 [Nes+sN7] G(A)7
Arg(C)181 [Nn1+=-OP1] G(A)6
Arg(C)181 [Nn2+-06] G(A)7

C8

HenP-7

4TUW

Arg(A)240 [Nee+*N7] G(C)9
Arg(A)240 [Nnl++sOP1] G(C)8
Arg(A)240 [Nn2+++06] G(C)9

G8

HenP-8

SDEA

Arg(B)10 [Nes++06] G(A)31
Arg(B)10 [Nn1++sOP2] G(A)29
Arg(B)10 [Nn1+++OP2] C(A)30
Arg(B)10 [Nn2++N7] G(A)31
Arg(B)10 [Nn2+++OP2] G(A)31

C30
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Nomenclature | PDB Hydrogen-bonding interactions | Nucleobase(s)
of Arg fork Code involved in
cation-n
interactions
HnnP-1 1COA Arg(A)222 [Nee++OP2] C(B)672 C674
Arg(A)222 [Nnle=06] G(B)673
Arg(A)222 [Nn2e-=OP2] C(B)672
Arg(A)222 [Nn2ee*N7] G(B)673
HnnP-2 11L2 Arg(A)222 [Nees+OP2] A(C)972 G971
Arg(A)222 [Nnlee=06] G(C)973
Arg(A)222 [Nn2e+=OP2] A(C)972
Arg(A)222 [Nn2eeeN7] G(C)973
HnnP-3 5UDS Arg(A)58 [NeeeeOP2] G(C)21 uUs9
Arg(A)58 [Nm1eeN7] G(C)47
Arg(A)58 [Nm1ee«OP1] U(C)59
Arg(A)58 [Nn2e++OP1] G(C)21
Arg(A)58 [Nn2e++06] G(C)47
HnnP-4 6CMN Arg(A)47 [Neee«OP2] U(D)23 A22,U23

Arg(A)47 [Nnle+-06] G(D)26
Arg(A)47 [Nn2e+-05°] U(D)23
Arg(A)47 [Nn2++*N7] G(D)26

Table S3. Characteristics of distinct representatives of Type HnnP Arg forks taken from Chavali
et al. for this study.'”
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Table S4. Characteristics of distinct representatives of Type HS Arg forks taken from Chavali et

al. for this study.!'”

Arg(C)99 [Nn1+++06] G(D)4
Arg(C)99 [Nn2+++02'] A(D)2
Arg(C)99 [Nn2++*N7] G(D)4

Nomenclature of the Arg fork | PDB Hydrogen-bonding interactions | Nucleobase
Code involved in
cation-n
interactions
HS-1 IN32 Arg(G)3 [NeeeeN7] G(A)933 C932
Arg(G)3 [Nn1e=02'1 U(A)1380
Arg(G)3 [N12e+06] G(A)933
HS-2 SWWF | Arg(C)99 [Neee+O2'1 A(D)2 A2
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Table S5. RMSD values obtained during benchmarking of geometries optimized reduced models
using three different DFT functionals, with respect to the starting crystal structure geometry.

Arg fork RMSD (4)
B3LYP | M062X | ®B97XD

P-1 0.409 | 0.032 0.602
P-2 0.496 | 0.579 0.544
P-3 0.954 | 0.926 0.783
P-4 0.394 | 0.247 0.556
P-5 2.105 0.820 0.840
HenP-1 | 0453 0.436 0.413
HenP-2 | 1.271 0.922 1.517
HenP-3 | 1.499 | 0.960 0.468
HenP-4 | 1.043 0.991 1.069
HenP-5 | 0.779 | 0.717 0.553
HenP-6 | 0.652 | 0.620 0.700
HenP-7 | 0.810 | 0.788 0.817
HenP-8 | 0.441 0.500 0.395
HnnP-1 | 1.088 1.184 0.943
HynmP-2 | 1.770 1.854 1.934
HymP-3 | 0946 | 0.892 0.898
HnmP-4 | 0.586 | 0.619 0.752
HS-1 1.011 1.000 1.392
HS-2 1.348 1.317 1.353
Average | 0.950 0.811 0.870
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Table S6. Interaction energies calculated at ®-B97XD/6-311+G(2df,2p) and RMSD values with

respect to the starting crystal structure geometry for the full models of Type P Arg forks.

Arg fork Interaction Energy (kcal mol™) RMSD (A)
P-1 —41.4 1.664
P-2 —40.2 2.017
P-3 -38.3 1.539
P-4 -36.5 0.794
P-5 -36.4 2.375
Average -38.6 1.678
Std. deviation 1.9 0.529
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Table S7. Interaction energies calculated at ®-B97XD/6-311+G(2df,2p) and RMSD values with
respect to the starting crystal structure geometry for the full models of Type HenP Arg-forks.

Arg fork Interaction Energy (kcal mol™) RMSD (A)
HenP-1 —40.2 0.383
HenP-2 -38.8 0.416
HenP-3 —40.3 0.393
HenP-4 —41.6 0.761
HenP-5 -33.5 1.034
HenP-6 =31.1 0.891
HenP-7 -29.1 0.524
HenP-8 -38.2 0.568
Average -36.8 0.739
Std. deviation 4.2 0.397
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Table S8. Interaction energies calculated at ®-B97XD/6-311+G(2df,2p) and RMSD values with
respect to the starting crystal structure geometry for the full models of Type HnnP Arg forks.

Arg fork Interaction Energy (kcal mol™') | RMSD (A)
HnnP-1 -32.9 0.244
HnnP-2 -35.5 0.363
HnnP-3 -36.6 0.548
HnnP-4 -38.1 0.578
Average -35.8 0.433
Std. deviation 1.9 0.137
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Table S9. Interaction energies calculated at ®-B97XD/6-311+G(2df,2p) and RMSD values with

respect to the starting crystal structure geometry for the full models of Type HS Arg-forks.

Arg fork Interaction Energy (kcal mol') | RMSD (&)
HS-1 -32.1 2.279
HS-2 -25.1 1.618

Average —28.9 1.945

Std. deviation 3.5 0.331
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Table S10. Comparison of interaction energies for two representatives of each Arg-fork type,
calculated using different basis sets, on the full, optimized models.

Arg-fork Interaction energy (kcal mol™)

Models | 6-311+G(2df,2p) | cc-pVDZ | aug-cc-pVDZ | cc-pVTZ
HS-1 -32.1 -36.2 -32.4 -33.9
HS-2 -25.1 -27.6 —25.4 -26.1
HenP-1 | —40.2 —45.9 —40.6 —42.6
HenP-2 | 3838 —44.3 -39.3 —41.0
P-1 —41.4 —46.7 —41.9 —43.6
P-2 —40.2 —45.7 —40.6 —42.4
HnmP-1 | 329 -36.7 -33.2 -343
HnnP-2 | -355 —40.9 -35.9 -37.9
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Table S11. Average interaction energies for the full models of all four types of Arg-forks, with

occurrences as identified by Chavali ef a

Z. 10

Type of Average interaction | Frequency of crystal
Arg-fork | energy (kcal mol™!) | structure occurrences
P —-38.6 60

HenP -36.8 43

HnnP -35.8 7

HS —28.9 9
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