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Abstract: Protein structure prediction is one of the most important goals pursued by bioinformatics, it is highly 

important in medicine (drug design) and structural bio informatics. Three dimensional protein structures are 

determined by its coordinates X, Y and Z. Algorithms, methods, applications and databases with various 

techniques addressed to predict the three dimensional protein structures. The prediction methods of 3D protein 

structures are categorized into comparative, folding and a b initio prediction. By using the algorithms it 

determines and predicts protein structure from its amino acid sequences.  
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I. Introduction 
The prediction of the three dimensional structure of proteins (tertiary) is one of the most significant 

research problems in Structural Bioinformatics.  

Tridimensional structure has the lowest potential energy. Heuristic and Meta heuristic algorithm used to utilize 

the minimization algorithm to find the global minimum of the potential function [1]. 

Tertiary structure refers to spatial relationship of all amino acids in a three dimensional structure polypeptide. 

The tertiary structure is described by its atomic coordinates of X, Y and Z. In three dimensional structure protein 

folding problem is one of the long standing goals in bio informatics and computational biology [2]. 

 Three dimensional structures are important because they tell us how amino acids that are nearby each 

other on a chain interact to form higher order structures [3]. 

With the help of algorithms and computational resources, it is useful to design the drug and proteomics [4]. 

Tertiary structure is complex irregular folding polypeptide chain in three dimensions, with the combination of 

amino acid interactions [7]. 

In 3D protein structure, a membrane protein gives insight into its function and the non-membrane protein known 

as globular proteins. Compare with the membrane proteins, non membrane proteins are easy to obtain by 

experimental methods [10]. 

Some of the methods and algorithms are used in Structural Bio informatics to predict Three 

Dimensional protein structure with current algorithms and computational resources it is possible to predict the 

native structures of relatively small proteins.  

Three dimensional protein structure prediction methods discussed in section 2, Classification of protein 

structures are described in section 3, in section 4 Datasets are given; Application and Performance 

Measurements are explained in section 5, section 6 gives conclusion. 

 

II. Methods for Three Dimensional Protein Structure Prediction 
 Imperialist Competitive Algorithm is used to predict the Secondary structure of the protein. Compare 

with previous methods it considers an effective tool and the revolution change adaptive procedure is applied to 

predict protein structure. It may produce errors at the time of predict secondary structure of a protein [3]. 

Angle Probability List Combined with Distributed Knowledge based Genetic algorithm used to predict the three 

Dimensional Protein structure and their topology is compared. Its need more Requirements for new strategies to 

extracting data [5]. 

 By knowledge based methods best results achieved with the experiments from CASP. The predicted 

protein structure compared with their topology and Angle probability list combined with the knowledge based 

genetic algorithm to find the solution from the computational experiment test [6]. 

A guided macro mutation operator and 2x2 HP energy based genetic algorithm used for global search to predict 

three dimensional protein structures [8]. Parallel hybrid genetic algorithm with parallel computing on the grid 

computation helps to predict the protein structure [9]. 
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Machine learning algorithm with local evolutionary information combined pre PSSM (Pseudo Specific 

Scoring Matrix) with Random forest classifier method used to predict DNA binding in protein structure 

prediction [11]. 

SSREDN (Secondary Structure Recurrent Encoder Decoder Networks) applied to get Q3and Q8 accuracy for 

Secondary structure prediction with complex machine learning method [12]. 

 

Classification of protein structure prediction methods 
There are three major theoretical methods classified to predict the protein structures, they are comparative 

modeling, fold recognition, and ab initio prediction. 

 

Comparative modeling 

The term comparative modeling is the proteins with similar sequences related with each other, measured in 

percentage. If the similarity is very high it‟s called “core regions “which comprised with the elements of alpha –

helices and beta –sheets secondary structure framework.  

 

Fold recognition or "threading'' 

Threading refers to match the sequences of known three dimensional structures into unknown structure with 

protein folds from the database. 

 

Ab initio prediction 

In Ab intio prediction divided into two components, it differentiate between the correct structures with incorrect 

ones, and explore the search method, finally the components are join together to derive the function to find 

native like structures. 

 

Dataset 
DNA binding protein sequences can be taken from Protein Data Bank (PDB:  

http//www.rcsb.org/pdb/home/home.do).Sequences are downloaded from the server  

(http://server.malab.cn/Local-DPP/Datasets.html) [11]. 

 

Topology predictor of β-barrels called BOCTOPUS contains 36 β-barrel proteins of known structures from 

OPM database. The position specific scoring matrix was generated with Z coordinate score with correlation 

status by PSI-BLAST, to search against Uniprot – SwissProt database . 

 

A large non – homologues dataset contains 6128 and 513 protein amino acid sequences from Cull PDB and 

CB513   to   evaluate     with SSREDN  (Secondary Structure Encoder Decoder Networks) to predict three 

dimension protein structure. 

Transmembrane proteins can be used for three dimensional protein structure predictions from TOPCONS web 

server [10]. 

 

Performance Measurements 
To evaluate DNA binding protein predictors LOOCV (Leave one out cross validation) test carried out 

for fair comparison with existing methods  

Four evaluation metrics are: Sensitivity (SE), Specificity (SP), Accuracy (ACC),and Mathew‟s Correlation 

Coefficient (MCC)[11]. 

 

SE = (TP/ (TP+TN))*100% -------------------- (1) 

 

SP = (TN/(TN+FP))*100%  --------------------  (2) 

 

 ACC = ((TP+TN)/(TP+TN+FN+FP))*100%   --(3) 

 

MCC = ------ (4) 

 

 Minimization measure of Root Mean Square Deviation (RMSD) and the Maximum measure of Global distance 

total score test (GDT_TS) are used to analyze the 3D protein structures. 
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RMSD (a,b) = ------  (5) 

 

    Where rai and rbiare the vectors representing the positions of the same atom I of the two structures a and b 

respectively.  

 

GDTTS  = (GDTP1+GDTP2+GDTP3+GDTP8)/4 ----(6) 

  

Where GDTpn represents the percentage of residues under the cutoff distance <=n   ֯A[5]. 

 

III. Conclusion 
 To find the native structure of a protein is a long standing goal in bioinformatics and computational 

biology. The proteins are classified based on the sequence of structures to be   placed. The structure of protein 

with that applications and input sequence datasets are discussed. This paper can be use to understand concept of 

three dimensional protein structure prediction. 
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