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Snapshots were recorded for every 10 ps.

Equal-Time Cross-correlation Map

The cross-correlation of the atomic uctuations between two resid@es (vas calculated using the

following equation:
h xi(t)  Xj(t)i
h x?(tk)ih  x?(ty)i

C@i)= 4 )

whereh i represents the average of an ensembbe;(tx) denotes the displacement of atérfrom

the average position at theh snapshot of the trajectory. The correlation between two residues in the
cartesian coordinate space is measuredChiyj ), which is equal to 1 if the motions of two residues
are always in the same direction. Wher€4gj ) = 1indicates motions in opposite directions. This

calculation was carried out using tp&raj module in AMBER10 ? ) on a residue basis.

Principle Component Analysis (PCA)

PCA (? ? ?) is a technique to probe the global collective motions during the simulation. A covariance
matrix was constructed using the coordinates of all heavy atoms (2025 atoms) of the SAM-I riboswitch
from eacho of the two 200 ns trajectories. The diagonalization of the covariance matrix generated a
diagonal matrix of eigenvalues and a transformation matrix comprising eigenmodes. Each eigenvalue
accounts for the sum of mean square uctuations of all the heavy atoms along the corresponding eigen-
mode. The projections of the time trajectory along the eigenmodes are the principal components of the
system. The maximal and the minimal principal components along an eigenmode were transformed
back to the Cartesian space to generate two extreme structures. The arrows in the porcupine plot were
drawn from the backbone phosphate atoms of the maximal structure to these in the minimal structure.
The modulegy_covarandg_anaeigin GROMACS package? ) were used for PCA calculation. The
porcupine plots were generated using VMD)( Here the direction of the arrow was from the smallest

principal component to the largest principal component.
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Figure 5: The distances between hydrogen bond donor and acceptor of hydrogen bonds between SAM
and the SAM-I riboswitch RNA in MD trajectory (Nitrogen atoms are colored in blue, and oxygen
atoms are colored in red). The contacts between SAM and G11&G58 are extremely stable during the
simulation. For the hydrogen bonding monitor, see SI Table 2.



MD simulations of the SAM-I riboswitch 22

Figure 6: Relaxation of the magnesium coordination with J1/2 in the absence of SAM and its coordina-
tion with the backbone of nucleotide A9 is correlated with the A9/U63 dinucleotide stack state (Figure
4). (a) Residues near the specific magnesium binding site; (b) distance monitor between the specific
binding magnesium and atoms on the phosphate backbone (Red: SAM_TRAIJ, blue: WoSAM_TRAJ).
Coordination of the magnesium ion with phosphate in J1/2 is stablized in SAM_TRAJ; (c) distance mon-
itor between the specific binding magnesium and O3’ in A9 in SAM_TRALI. A slight shift is correlated
with the non-adjacent dinucleotide stack (see text and Figure 4.
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Figure 7: Decomposition of the SAM binding free energy on a residue basis. The contributions from
G11 and G58 dominate over other residues involved in formation of the binding pocket.
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Figure Legends
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Figure 8: Time evolution of RMSD of the whole SAM-I riboswitch with reference to the crystallo-
graphic structure and the average structure from the simulations.
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Figure 9: RMSF (average RMSD per residue) of each simulation and the B-factors from the crystallo-
graphic structure.
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Figure 10: Eigenvalues and cumulative percentage of the eigenmodes for MD SAM and MD woSAM.
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Figure 11: Torsion angle monitor of A9 during the simulations.

Table 2: Hydrogen bonding monitor between SAM and the SAM-I riboswitch (SAM_TRAJ)

Donor Acceptor  Occupancy (% )* Distance(ﬁl) Angle(°) Lifetime (ns)’ Maximum occt
Mean STD Mean STD Mean STD
G11:N2 SAM:OXT 99.99 2.808 0.1 2128 9.19 66.66 75.45 17254
G58:N2 SAM:OXT 99.88 2.886 0.14 1928 874 832 927 4100
GI11:N1 SAM:O 99.69 3.126 0.2 2388 8.77 332 5.5 2432
G11:N1 SAM:OXT 08.87 3.101 0.2 3941 7.88 094 1.91 1298
SAM:N(HT?2) G58:N3 51.74 2997 0.14 20.89 1198 0.35 0.89 704
SAM:N(HT1) G58:N3 33.79 299 0.16 2023 11.38 026 0.76 715
SAM:N G58:N3 12.2 3013 0.16 23.19 1244 0.16 0.54 551
SAM:N(HT3) G58:02 11.77 2.904 0.15 4533 1205 0.02 0.02 26
SAM:N(HT?2) G58:02 11.52 2.906 0.15 44 1249 0.02 0.03 54
SAM:N(HT1) G58:02 5.29 2.875 0.14 4263 1243 0.02 0.03 19
A45:02 SAM:N1 1.2 3.139 0.28 2954 14.86 0.03 0.05 37
SAM:N6 A45:N3 1 3.175 025 4527 1029 0.02 0.03 23

a. Occupancy indicates the percentage of the time that this hydrogen bond is formed.
b. The average time that this hydrogen bond is formed.
¢. The maximum number of consecutive frames (10 ps/frame) that this hydrogen bond is formed in the
trajectory.



