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Fig. S1 Cross-correlation matrix calculated by using the coordinates of the  atoms recorded in the 𝐶𝛼
single integrated MR-GaMD trajectory: (A) GTP-bound WT KRAS, (B) GTP-bound Q61A KRAS, 
(C) GTP-bound Q61H KRAS and (D) GTP-bound Q61L KRAS.



Fig. S2 Function of eigenvalues vs eigenvector indexes from principal component analysis, which 
is used to describe motion intensity of KRAS.



Fig. S3 Free energy landscapes and structures: (A) free energy landscape identified by MR-GaMD 
simulations, (B) crystal structure of the GTP-bound KRAS (PDB ID: 6MNX), (C) simulated 
structure located at energy valley E1 and (D) superimposition of crystal structure and simulated 
structure. The unit of all distances is Å and that of free energy is kcal/mol.



Fig. S4 Superimpositions of four representative structures of the GTP-bound Q61A KRAS situated 
at energy valleys E1, E2, E3 and E4 with crystal structure 6MNX.



Fig. S5 Superimpositions of four representative structures of the GTP-bound Q61H KRAS situated 
at energy valleys E1 and E2 with crystal structure 6MNX.



Fig. S6 (A) superimposition of three structures E1, E2 and E3 of the GTP-bound Q61L KRAS with 
the crystal structure (6MNX) and (B) alignment of GTP, ions and Y32 in three structures E1, E2 
and E3 of the GTP-associated Q61L KRAS with that in the crystal structure (6MNX).



Fig. S7 Interactions of key residues in the GTP-bound Q61H KRAS: (A) interactions of GTP with 
residues in compact state of the switch domain, (B) interactions between GTP and residues in 
uncompact state of the switch domain, (C) interactions of magnesium ion Mg2+ and sodium ions 
Na+ with GTP and residues and (D) interactions of magnesium ion Mg2+ and sodium ion Na+ with 
GTP and residues.



Fig. S8 Interactions of key residues in the GTP-bound Q61L KRAS: (A) interactions of GTP with 
residues in compact state of the switch domain, (B) interactions between GTP and residues in 
uncompact state of the switch domain, (C) interactions of magnesium ion Mg2+ and sodium ion 
Na+ with GTP and residues and (D) interactions of magnesium ion Mg2+ with GTP and residues.


