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Abstract
The need for reliable computational methods to determine the biochemical function of these proteins is growing 

as the determination of protein sequences and structures through genome sequencing and structural genomics efforts 
grows exponentially. The efforts to address the problem of annotating the function of uncharacterized proteins at the 
molecular level are reviewed in this paper. The most recent trends in local structure-based methods have received 
less attention than the sequence- and three-dimensional structure-based methods for protein function prediction. This 
review focuses primarily on these local structure-based methods. The local spatial arrangements of these residues 
can be used to identify protein function, and computational methods have been developed to predict the residues that 
are essential for catalysis. In addition, for proteins with no known function, combining a variety of methods can aid 
in the acquisition of additional data and the improvement of function predictions. The various methods for predicting 
the function of proteins with no known function are being evaluated and tested by global initiatives like the Enzyme 
Function Initiative (EFI), COMputational Bridges to Experiments (COMBREX), and the Critical Assessment of Function 
Annotation (CAFA). By reducing the number of functional annotations that are either missing or incorrect, these 
initiatives and global collaborations will add significant value to the existing volume of structural genomics data and 
improve computational methods for predicting biochemical function [1, 2].
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Introduction
Since genome sequencing and high-throughput structure 

determination began, there has been a significant increase in the 
number of protein sequences and structures in databases like UniProt 
and the Protein Data Bank (PDB) [3]. The number of entries in the 
UniProt/TrEMBL database for protein sequences has increased by 
more than sixfold since January 2011 to over 89 million as of January 
2015; Only a very small number of these proteins have a known 
purpose. Additionally, structural genomics projects like the Protein 
Structure Initiative (PSI) have resulted in the addition of over 13,000 
structural genomics (SG) protein structures to the PDB. The purpose 
of the PSI, which was launched at the turn of the millennium by 
the National Institute of General Medical Sciences (NIGMS) of the 
National Institutes of Health (NIH) in the United States, was to identify 
the three-dimensional structures of all families of proteins. The human 
genome project and the sequencing of many other organisms' genomes 
were finished at that time. The number of known protein structures has 
increased as a result of PSI and other SG programs' high throughput 
techniques [4, 5]. 

Discussion
Most of these protein structures lack reliable biochemical 

function-related information due to the PSI's primary focus on high 
volume structure determination and prompt public availability of 
protein structures; There are times when no functional annotation is 
provided [6, 7]. As a result, the majority of these proteins are given a 
putative function based on the closest match in sequence or structure; 
however, these assignments frequently contain incorrect functional 
labels, which can spread throughout databases. In 2010, the NIGMS 
began a brand-new PSI phase dubbed PSI: Biology. The purpose of this 
phase was to ascertain the SG proteins under structural investigation's 
biological functions. However, many functional annotations are still 
incomplete or incorrect. It is evident that improved computational 
techniques and biochemical experimentation-based verification are 
required. Computational methods that are dependable and accurate 
for predicting the function of proteins can improve the efficiency 
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of experimental function verification and add significant value to 
genomics data. While several reviews of sequence-based and three-
dimensional structure-based methods for function prediction have 
been published, this article focuses on more recent computational 
methods that use local structure to predict protein function at the 
molecular level; Prediction of the local spatial regions of the structure 
that are biochemically active serves as the foundation for each of these 
approaches. Last but not least, the research community as a whole's 
efforts to help test and verify functional predictions are investigated 
[8].

An examination of a protein's structure and shape is necessary 
for structure-based approaches to protein function prediction. By 
transferring the function of another similar protein with a known 
function, this analysis aids in determining where a ligand might bind. 
A protein's local site of biochemical activity can be used as a starting 
point for determining its function. Structure-based methods like 
geometric potential and geometric-based computational programs like 
Surfnet CASTp Ligsite PocketFinder look at the various properties of 
a protein surface or active site pocket to determine the identity and 
location of binding pockets. Based on PDB coordinate data, Surfnet 
generates a variety of protein surfaces, including van der Waals 
interactions, gaps between molecules, and pockets within a protein. 
Densities of the various surface output data are depicted as a grid. By 
applying a Gaussian function to the protein's atoms, these grids are 
created [9, 10]. The intensity of the densities is used to identify the 
specific important residues. Using the PDB, Swiss-Prot, and Online 
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Mendelian Inheritance in Man (OMIM) to identify active site residues, 
CASTp locates voids within a protein structure. Similarly, Ligsite can 
quickly analyze a large number of proteins by utilizing a collection of 
ligand–receptor complexes to locate pockets on a protein surface. The 
topological and geometric characteristics of the protein surface are 
also examined by PocketFinder and geometric potential. However, 
rather than searching the surface of a protein for pockets of various 
sizes, PocketFinder looks for ligand binding envelopes. In addition to 
global structural analysis, geometric potential employs local structural 
analysis to examine the pockets' residuals.

Conclusion 

The process of annotating proteins with unknown or ambiguous 
functions remains difficult but essential for comprehending the 
enormous amount of data generated by genome sequencing and 
structural genomics initiatives. Methods for predicting functions that 
concentrate on the local spatial region of biochemical activity have the 
potential to enhance predictive ability. It is not always the case that 
proteins with high global sequence similarity also have high local 
sequence similarity at the active site. Conversely, proteins that share 
a low overall sequence similarity may share a high spatial similarity in 
the active site region. Too frequently, the function of a protein with a 
high global sequence similarity to a protein with no known function is 
transferred to the target protein without analysing the similarities in 
the local active site sequence.

Numerous research groups have developed methods for predicting 
protein function in an effort to provide useful information about 
enzymes whose functions are unknown. When making predictions, 
however, only one type of analysis—sequence- or structure-based 
analysis—is utilized, there is a greater chance of misannotation. The 
data gathered through genome projects can become more useful and 
complete as methods are improved and used simultaneously with 
one another. The difficulties associated with assigning functions to 
proteins can begin to be resolved with the assistance of these ground-
breaking computational techniques mentioned above and others that 
will be developed in the future. It is evident that the field of protein 
function prediction will continue to expand, particularly as the quality 

and quantity of data continue to rise, despite the number of methods 
currently available to predict proteins' functions. Biochemical studies 
can be used to verify the predictions made while these computational 
methods are being improved. This kind of experimental verification 
is a big gap in the field right now. Biochemical studies may become 
more focused and require less time in the future as computational 
methods become more advanced and are validated experimentally. The 
fast, high-throughput functional annotation of these proteins will be 
made possible by future automation of computational methods, adding 
significant value to the growing repository of genomics data.
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