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Supplementary Figures 
 

 

 
Figure S1. Comparison of RMSF values of K-Ras motion in active form with inactive 
form. RMSF values of active form (black) and inactive form (red). 



  

 
Figure S2. Fluctuations of ILE21-GLN22 (α1) drive the fluctuations of β2-β3. The red curves 
are for 〈Δ𝑅𝑖(𝑡)Δ𝑅𝑗(𝑡+𝜏)〉 and show that the fluctuations of residue i at time t affect the fluctuations 
of residue j at a later time t+τ. (A), (B) I21 drives I46 and D47, respectively. (C)-(H) Q22 drives 
V44, V45, I46, D47, G48 and E49, respectively.  



	  
Figure S3. Fluctuations of β2-β3 region drive the fluctuations of Y157 (α5), Q61 (SII) and 
T74 (SII). The red curves are for 〈Δ𝑅𝑖(𝑡)Δ𝑅𝑗(𝑡+𝜏)〉 and show that the fluctuations of residue i at 
time t affect the fluctuations of residue j at a later time t+τ. (A), (B) Y157 follows I46 and D47, 
respectively. (C) D47 drives T74. (D) E49 drives Q61. 
 
  



Supplementary Tables 
 
Table S1. Categorization of 𝒌! values 

𝑘! 

RANGE 

𝑘! VALUES (kcal/mol·A2) CATEGORY 

K-Ras-GTP K-Ras-GDP 

%100 1.28 (Max) 1.08 (Max) The Highest 

%90 ≥ 1.16 ≥ 0.97 

%80 ≥1.04 ≥ 0.86 High 

%10 

%100 

≤ 0.19 

Min 0.08 

≤ 0.14 

Min 0.03 

The Smallest 



Table S2. Categorization of residues according to their mean spring constant 𝒌!  values for 
K-Ras-GTP (left) and K-Ras-GDP (right). 

 K-Ras-GTP K-Ras-GDP 

Region Residues Region Residues 

The Most 

Rigidly 

Attached 

β4 G77-I84 β4 G77-I84 

β5 P110-N116 β5 P110-N116 

β6 P140-T144 β6 P140-T144 

Rigidly 

Attached 

β1 L6-G10 β1 L6-G10 

P-loop V14-G15 P-loop V14-G15 

α5 F156-V160 α5 F156-V160 

The Most 

Flexibly 

Attached 

SII G60-M67 SI D30-P34 

SII A59-R68 



Table S3. Comparison of the average number of hydrogen bonds formed throughout the 
simulation between the nucleotide and K-Ras. 

	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  

	  
  

 Average number of H bonds throughout the simulations 

Residue of K-Ras GTP GDP 

SER17 0.45 0.20 

ASP30 1.00 0.61 



Table S4. The β2-β3 region acts as both the driver and the follower in active K-Ras. 

 

  

DRIVER RESIDUE(S) FOLLOWER RESIDUE(S) 

 

RESIDUE(S) NAME REGION RESIDUE(S) NAME REGION 

I21-GLN22  α1 Q43-L53 β2- β3 

I46-CYS51 β2- β3 Y157  α5 

I46-GLY48 β2- L3 T74  α2; SII 

E49 β3 Q61  SII 



Supplementary Methods 

Parametrization of GTP and GDP 

The procedure consisted of two parts: (i) charge derivation; and (ii) preparation of the 

coordination and parameter files for the complexes. Charge derivation was divided into three 

sequential steps. First, we optimized the initial GTP and GDP structures by using QM program 

Gaussian 03 with base 6-31G* and level HF. Second, we performed Molecular Electrostatic 

Potential (MEP) calculations using Gaussian 03 with base cc-pVTZ  and the Density Functional 

Theory (DFT) method  B3LYP in continuum solvent. The third step was Restrained ElectroStatic 

Potential (RESP) charge derivation1. We used RESP program available under AMBER2. We 

automated the calculations using the programs RED-vIII, Ante_RED and Antechamber2-4. The 

RESP ESP charge Derive program (R.E.D.) sequentially executed these three steps by 

interfacing Gaussian and RESP programs, and allowed the automatic derivation of RESP and 

ESP charges for GTP and GDP. Ante_RED was useful to prepare input files for Gaussian. We 

used RED-vIII to perform MEP calculations and RESP charge derivations. Antechamber wrote 

out additional force field files (frcmod file) of molecules with missing parameters. For basic 

model building and Amber coordinate and parameter/topology file creation we used the LEaP 

module of AMBER 14 package5.  

Calculation of fluctuations  

MD trajectories describe the time evolution of a system and are defined by the position vector 

Ri(t) of every atom i at every time point t where 1 ≤ t ≤ NT and NT is the total number of t time 

points of the trajectory. The time average 𝑅! position of each atom i is then defined as 𝑅! =

𝑅!
!!
! (𝑡) 𝑁! . The instantaneous fluctuation ΔRi (t) of the position vector of the ith atom is 

defined as  ∆𝑅! 𝑡 = ∆𝑅! 𝑡 − 𝑅!. The root mean squared fluctuation (RMSF) of a residue is



, where the angular brackets show the time average of the quantity enclosed. The 

RMSF of each atom is proportional to its Debye-Waller (B-factor) measured experimentally. 
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