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Figure S1. Tertiary structure of ykkC-I GRA from available crystal structures, with close-up view of the Gdm+ binding pocket. Pairwise RMSDs (Å) are 5T83–5U3G = 1.1 Å, 5T83–7MLW = 0.9 Å, and 5U3G–7MLW = 1.6 Å. 
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Figure S2. GRA models considered in this study built using PDB ID: 5T83 and 5U3G (see Figure S1). Throughout this work, red corresponds to the free state (no Mg²⁺ or ligand), blue the Mg²⁺ only state (no ligand), purple the ligand-bound state (no Mg²⁺), and green the ligand + Mg²⁺ complex. 
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Figure S3. Backbone root-mean-square deviation (RMSD) for each GRA derived from (A) PDB ID: 5T83 and (B) PDB ID: 5U3G across three MD simulation replicas.
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Figure S4. Superimposed global structures from the last frame of the trajectory for each replica of each GRA model derived from (A) PDB ID: 5T83 and (B) PDB ID: 5U3G.
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Figure S5. A) Scatter plot of the 2D projections of the displacements of all heavy atoms along PC1 (x-axis) and PC2 (y-axis) for individual GRA models derived from PDB ID: 5T83 (left) and PDB ID: 5U3G (right). Distribution of conformations colored according to probability density for models derived from (B) PDB ID: 5T83 and (C) PDB ID: 5U3G across three MD simulation replicas for each GRA model (dark blue corresponds to highest density).
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Figure S6. Superposition of the crystal structure (A)PDB ID: 5T83 and (B) PDB ID: 5U3G, shown in black) with representative structure extracted from the E1 basin on the free energy landscape (FEL) (Figure 2) for each GRA model. For 5U3G derived ligand model E2 basin was also considered. RMSDs with respect to the crystal structure (PDB ID: 5T83 and 5U3G), while excluding the flexible P2 loop, are provided. 
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Figure S7. S-shaped twist observed in the P3 helical stem caused by G84 flipping out of the P3 helical stem to stack with G40 in the P1a stem using PDB ID: 5T83 as a representative example. 
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Figure S8. Distance of Gdm+ to center of mass of key binding pocket residues over time for each replica of the ligand GRA model derived from PDB ID: 5U3G.
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[bookmark: _Hlk194071513]Figure S9. (A) Secondary structure highlighting nucleotide conservation between the two crystal structures of the GRA considered in this study (PDB ID: 5T83 and 5U3G). Red represents nucleotide identity conservation greater than 97%, black indicates greater than 90% conservation, and grey corresponds to greater than 75% conservation. (B) Root-mean-square fluctuation (RMSF) for each system across three MD simulation replicas of each GRA model derived from two crystal structures with respect to the C1′ atom of RNA residues.
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Figure S10. (A) Radius of gyration (Rg) time evolution for each GRA model across three MD simulation replicas. (B) Two major conformational states adopted by the free GRA model, which differ in the relative position of G40 and G84 (stacked arrangement in Conformer 1 and disrupted interactions in Conformer 2). (C) Representative conformations corresponding to the dominant Rg. 
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Figure S11. Time evolution of the phosphate distance between G40(P1a)–G84(P3) with averages and standard deviations calculated for the free GRA model across the primary set (Set 1) of three MD simulation replicas and two additional sets of three MD simulation replicas. 
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Figure S12. (A) Radius of gyration (Rg) time evolution and (B) normalized distribution of Rg for the free GRA model across the primary set (Set 1) of three MD simulation replicas and two additional sets of three MD simulation replicas.
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Figure S13. Time evolution of K⁺ ion occupancy within a 2.5 Å cutoff distance from residues forming the ligand binding pocket across three MD simulation replicas for each GRA model.  Different colors represent the identities of individual K⁺ ions, a change in color indicates ion exchange, while white space indicates no K⁺ was present. Frequent change in color shows continuous ion exchange indicating dynamic K⁺ coordination. Periods where a single color persists over time suggest prolonged occupancy by the same K⁺ ion, indicating stable binding event with reduced exchange dynamics.
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Figure S14. Radial distribution function (RDF) of K⁺ relative to residues in the P1a and P3 helical stems.
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Figure S15. Backbone root-mean-square deviation (RMSD) for the P1, P1b and P2 helical stems for each GRA model across three MD simulation replicas.
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Figure S16. (A) Free energy distribution and (B) time evolution of the phosphate distance between G83(P3)–A39(P1a) and G83(P3)–U5(P1a) for each GRA model across three MD simulation replicas.
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Figure S17. Stacking interaction occupancy for key nucleotides in each GRA model across three MD simulation replicas.  
[image: A graph of different colored lines

AI-generated content may be incorrect.]
Figure S18. Hydrogen-bonding interaction occupancy for key nucleotides A) between P1a and P3, and B) within the P3 helical stem in each GRA model across three MD simulation replicas. 
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Figure S19. Time evolution of stacking interactions between guanidinium cation (Gdm+) and residues G67 and G83 in each Gdm+-containing GRA model across three MD simulation replicas.




Table S1. Summary of explained variance for each principal component (PC) for each GRA model built from two distinct crystal structures across three MD simulation replicas.
	GRA Models
	PDB ID: 5T83
	PDB ID: 5U3G

	
	PC1
	PC2
	PC3
	PC1
	PC2
	PC3

	Free
	54.1%
	20.1%
	22.2%
	51.1%
	17.2%
	15.0%

	Mg2+
	45.3%
	22.8%
	10.9%
	52.3%
	21.6%
	10.1%

	Ligand
	45.4%
	26.1%
	16.7%
	55.6%
	16.7%
	13.1%

	Ligand + Mg2+
	44.1%
	23.3%
	19.2%
	58.1%
	20.3%
	8.7%





Table S2. Distance between for phosphate atoms of G40(P1a) and G84(P3). 
	GRA Modelsa
	Minimum Representative Structuresb
	Averaged Trajectoryc

	Free
	9.0
	9.4
	10
	10.1 (1.6)

	Mg2+
	6.9
	6.7
	6.8
	6.8 (0.5)

	Ligand
	8.6
	9.3
	
	9.2 (1.1)

	Ligand + Mg2+
	6.8
	6.4
	
	6.6 (0.3)


aModels built from PDB ID: 5T83. bDistance in the minimum representative structure extracted from the FEL (Figure 2) for each GRA model. cAverage and standard deviations in the distance calculated across three MD simulation replicas.
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