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Single nucleotide polymorphisms (SNPs) are one of the most common forms of genetic
variation. SNPs are DNA sequence variations that occur when a single nucleotide in the genome
sequence is altered, and for a variation to be considered a SNP, it must occur in at least 1% of the
population. Studying these variations and their effects on proteins is often very important for
understanding their effects on protein functionality and all biochemical reactions in the pathways.
Therefore, it is critical to link these effects to relationships between SNPs and protein structures.
Nonsynonymous single nucleotide polymorphisms (nsSNPs) introduce amino acid mutations into
their encoded proteins which may have effects by altering protein function, reducing protein solubility
or stability, and altering splice sites and stop codons. There are several developments going on in the
area which are related with SNPs. The dbSNP database[1], the Human Genome Variation Database
(HGVbase), and the Human Gene Mutation Database (HGMD) are examples of some presently
available resources. Some other databases such as TopoSNP and SNPs3D have analyzed nsSNPs and
their effects on protein structures, while trying to reveal the structural basis of disease mutations. The
PolyPhen tool provides a web server that can predict the effects of nsSNPs, while Swiss Prot has the
ModSNP database, which is designed to store information related to single amino acid polymorphisms
(SAP) and model the SAPs onto protein structures via an automatic homology modeling pipeline. The
HapMap project is a comprehensive effort to develop a haplotype map of the human genome, which
will attempt to explain the common patterns of human DNA sequence variation. An interesting
direction in understanding nsSNP variations will be a comparative analysis which brings together
structural mapping, metabolic pathways and the variations in protein functionality produced by SNPs.
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Figure 1: An example of StSNP Web interface with query results and the visualization of nsSNPs on the protein
structure by Friend.
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We have developed the Structure SNP (StSNP) database which provides extensive opportunities to
compare structural nsSNP distributions in human proteins, protein complexes and protein-protein
interaction networks. StSNP is a cross-database utilizing information for protein structures from the
Protein Data Bank (PDB), human nsSNP information from dbSNP at NCBI, human genes/proteins
from NCBI’s Locuslink and pathway information from Kyoto Encyclopedia of Genes and Genomes
database (KEGQG)[2]. StSNP also delivers extensive information about the metabolic pathway(s) that
the protein is involved in. Searching and obtaining frequency distribution(s) of a reference to mutated
amino acids or creating various queries to statistically analyze nsSNPs is available. An amino acid
mutation matrix of StSNP displays the frequency of a particular mutation, and is available to search
for a particular mutation within the proteins. The multiple structure-sequence viewer, Friend[3] is
used to provide the mapping of nsSNPs onto protein structures, while visualizing their structural
locations. This structural visualization helps in understanding the possible effect(s) of the nsSNP(s) on
protein structure and function by looking at the consequences of side chain replacement. The nsSNP
mapping onto protein structures makes use of “on the fly” modeling using a homology modeling
program, provided that the appropriate structural template is available (sequence share at least 50%
sequence identity); moreover, a user has the possibility to visualize several known nsSNPs on one
modeled structure, which provides comprehensive information about possible variations in protein
structure.

The ongoing implementation of new futures in the database includes performing molecular dynamics
and subsequent analysis of the produced trajectories for structures with and without one or more of the
nsSNPs. The molecular dynamics is performed with GROMACS and results are stored in
intermediated PDB-files. The files can be downloaded and visualized synchronously in Friend to see
the effect of a single amino acid mutation on the behavior of protein structure in solvent. Another
future direction involves developing dynamic visualization of the metabolic pathways which will be
essential in understanding the effects of nsSNPs on proteins within their network. This will let one
search nsSNPs and decide whether the SNP could have an effect on the related pathway’s function.
StSNP is available for public use at http://brams.bio.neu.edu/st/stsnp.html.
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