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ABSTRACT 
In order to describe the protein dynamics which are closely related to its biological functions, 

molecular dynamics (MD) and normal mode analysis (NMA) have been widely used. 

However, their all-atom based force fields cause significant computational burden resulting in 

a limitation of simulation scale in practice. Alternatively, coarse-grained elastic network 

model (CG-ENM) was introduced. In this model, a target system is modelled as a linear 

spring network among representative atoms, typically Cα in proteins. Even though CG-ENM 

efficiently predict the collective motions of proteins, its arbitrary assignment of spring 

constant and non-reflected symmetric constrains lead to inaccurate anisotropic temperature 

factors, yielding the low correlation between prediction and experiment B-factor of ~ 0.59 [1]. 

To improve the accuracy of B-factor prediction, we propose a new robust ENM which not 

only considers the experimental crystallization environment based on the space groups but use 

optimum spring constant by matching with the experimental B-factor. The optimal spring 

constant is determined by minimizing the root mean square deviation (RMSD) between 

experimental and predicted B-factors iteratively. 
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where kB is Boltzmann constant, T is temperature, and Bi represent and experimental B-factor 

of i
th

 atoms. λk and uk are the eigenvalue and eigenvector of the k
th

 mode obtained from 

following equation of motion in Eq.2. They can be interpreted as frequency and its 

corresponding mode shape, respectively.  
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Here M is global inertia matrix and K is the stiffness matrix both of which are formed by CG-

ENM. For more details, a full mathematical derivation is available elsewhere [2].  
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Figure 1. NMA results of horse heart myoglobin. A) Comparison of the experimental and 

calculated B-factors. The experimental B-factors are denoted by the black line, while the red 

and blue curves denote the calculated B-factors based on traditional ENM and robust ENM, 

respectively. B) Normal mode spectra have a range of 0 ~ 50 cm
-1

. Inset: absorption spectra 

measurement by THz time domain spectroscopy [3]. 

 

Among more than 500 tested proteins, over the 90% structure results in the better accuracy of 

B-factor prediction based on proposed robust ENM having the optimum spring constant of   
43~5 10 /dynes cm , regardless of space group and protein size. For further validation, 

additional protein such as horse heart oxy-myoglobin (PDB 1A6M) is arbitrary selected and 

its B-factor is predicted by the proposed method. RMSD value between experimental and 

predicted B-factor is dramatically reduced from 8.67 Å ² to 1.92 Å ² (Fig. 1A). Moreover, the 

predicted normal mode spectrum ranging from 0 ~ 50 cm
-1

 are very similar to those from THz 

time domain spectroscopy as shown Fig. 1B. In conclusion, the proposed robust ENM enable 

us to gain a much deeper insight into protein dynamic by providing a more precise model in 

consideration of its space group and optimal spring constant. 
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