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１． Background and purpose of the project, 

relationship of the project with other projects 

An accurate estimation of the quality of protein 

model structures typifies as a cornerstone in protein 

structure prediction regimes. Despite the recent 

groundbreaking success in the field of protein 

structure prediction, there are certain prospects for 

the improvement in model quality estimation at 

multiple stages of protein structure prediction and 

thus, to further push the prediction accuracy. 

 

２． Specific usage status of the system and 

calculation method 

In order to improve model quality estimation, a 

novel approach, named ProFitFun, for assessing the 

quality of protein models is proposed by harnessing 

the sequence and structural features of experimental 

protein structures in terms of the preferences of 

backbone dihedral angles and relative surface 

accessibility of their amino acid residues at the 

tripeptide level. The proposed approach leverages 

upon the backbone dihedral angle and surface 

accessibility preferences of the residues by 

accounting for its N-terminal and C-terminal 

neighbors in the protein structure. These preferences 

are employed to evaluate protein structures through 

a machine learning approach and tested on an 

extensive dataset of diverse proteins. 

 

３． Result 

The approach was extensively validated on a 

large test dataset (n = 25,005) of protein structures, 

comprising 23,661 models of 82 non-homologous 

proteins and 1,344 non-homologous experimental 

structures. Additionally, an external dataset of 

40,000 models of 200 non-homologous proteins was 

also used for the validation of the proposed method. 

Both datasets were further employed for 

benchmarking the proposed method with four 

different state-of-the-art methods for protein 

structure quality assessment. In the benchmarking, 

the proposed method outperformed some state of the 

art methods in terms of Spearman’s and Pearson’s 

correlation coefficients, average GDT-TS loss, sum of 

z-scores, and average absolute difference of 

predictions over corresponding observed values. The 

high accuracy of the proposed approach promises a 

potential use of the sequence and structural features 

in computational protein design. 

 

４． Conclusion 

A reliable quantification of the quality of 

protein models is pivotal to the success of protein 

structure prediction regimes. We have harnessed the 

sequence and structural features of backbone 

dihedral angles and relative surface accessibility 

preferences of amino acids by accounting for their 

neighboring residues in the protein structures and 

developed a novel method for quantifying the 

accuracy of protein tertiary structures. The 

developed method, ProFitFun, has outperformed 

some of the state-of-the-art methods when 

benchmarked on a comprehensive dataset of about 

65,000 proteins structures of non-homologous 

proteins. The easy implementation with minimal 

additional requirements, time and computing 

efficiencies, and portability to Linux and Windows 

OS of ProFitFun impart some additional advantages 

over other methods. Likewise, the high accuracy of 

this sequence and structural features based method 
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promises a potential application of these features in 

computational protein design and other sub-areas of 

computational protein folding. 

  

５． Schedule and prospect for the future 

We plan to further improve the methodology to 

increase its accuracy in model quality assessment. 

First, we will develop an integrated consensus 

approach based protein structure evaluation method 

for determining the quality of decoys to signalize the 

best or near-best model structure. Second, we will 

develop a residue-wise protein structure evaluation 

method for identifying incorrectly modeled regions in 

predicted modeled structures. Finally, we will use 

these new model quality assessment methods in the 

design of novel proteins. 
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