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File S1. The details of GaMD reweighting 
 The free energy can be reweighted through the reweighting program developed by Miao et al. 
The reaction coordinates (RCs) are divided into different bins at a certain interval. The probability 
distribution of selected reaction coordinates can be calculated from the GaMD trajectory as 𝑝∗(𝐴). 
Given the boost potential ΔV(r) of each conformation recorded in the GaMD trajectory, 𝑝∗(𝐴) can 
be reweighted to detect the canonical ensemble distribution, 𝑝(𝐴), based on the following equation: 

 p൫𝐴௝൯ = 𝑝∗൫𝐴௝൯ ழ௘ഁ∆ೇ(ೝ)வೕ∑ ழ௣∗(஺೔)௘ഁ∆ೇ(ೝ)வ೔ಾ೔సభ                                      𝑗 = 1, … . , 𝑀 

in which 𝑀  is the number of bins, β = 𝑘஻𝑇 β, and < 𝑒ఉ∆௏(௥) >௝ is the ensemble-averaged 
Boltzmann factor of ∆𝑉(𝑟) for simulation conformations detected in the jth bin. The ensemble-
averaged reweighting factor can be approximated using cumulant expansion [1-3] 

 < 𝑒ఉ∆௏(௥) = 𝑒𝑥𝑝 ቄ∑ ఉೖ௞!ஶ௞ୀଵ 𝐶௞ቅ 

where the first two cumulants are determined based on the following equation 
 𝐶ଵ =< ∆𝑉 >, 
 𝐶ଶ =< ∆𝑉ଶ > −< ∆𝑉 >ଶ= 𝜎௏ଶ 

In general, the boost potential resulting from GaMD simulations has a near-Gaussian 
distribution [4]. As a result, cumulant expansion to the second order provides a good approximation 
for computing the reweighting factor. The reweighted free energy 𝐹(𝐴) = −𝑘஻𝑇𝑙𝑛(𝜌஺)  is 
obtained from the following equation 

𝐹(A) = 𝐹∗(𝐴) − ෍ 𝛽௞𝑘!ଶ
௞ୀଵ 𝐶௞ + 𝐹஼  

in which 𝐹∗(𝐴) = −𝑘஻𝑇𝑙𝑛𝑝∗(𝐴) is the modified free energy obtained from GaMD simulation, 
and 𝐹஼ is a constant. 
 
  



 
Figure S1. The function of RMSDs for heavy atoms from GTP and GDP as the simulation time. 



 
Figure S2. The difference of RMSFs between the GTP/GDP-bound mutants and the GTP/GDP-

bound WT HRAS: (A) GTP and (B) GDP 
 
  



 
Figure S3. The structural domains corresponding to the obvious changes of the RMSFs. The HRAS 
is shown in cartoon modes and the ligand is displayed in stick modes. 
 



 
Figure S4. MSAs of the GTP- and GDP-bound HRAS: (A) and (B) corresponding to the time course 
and frequency distribution of MSAs for the GTP-bound WT, A59E and K117R HRAS, respectively, 
and (C) and (D) corresponding to the time course and frequency distribution of MSAs for the GDP-
bound WT, A59E and K117R HRAS. 
 
  



 

 
Figure S5. DCCMs calculated by using the coordinates of the Cα atoms in HRAS: (A) and (C) 

corresponding to the DCCMs of the GTP-bound A59E and K117R HRAS, respectively, and (B),  
and (D) corresponding to the DCCMs of the GDP-bound A59E and K117R HRAS, individually. 

 
 
  



 

 
Figure S6. The function of eigenvalues arising from PCA as the eigenvector indexes: (A) the GTP-
bound WT, A59E and K117R HRAS and (B) the GDP-bound WT HRAS. 
 
  



 
Figure S7. Time course of the distances for GTP-residue (A) and GDP-residue interactions (B). 
 



 
Figure S8. Time course of the distances involved in the Mg2+ interactions in the GTP-bound (A) and 
GDP-bound HRAS systems (B). 
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