
Statistical Modeling of Variation in Structural and

Chemical Characteristics of Protein Binding Sites
In order to improve our understanding of functions of cells or organisms, it is critical to
learn about the functions of individual proteins, which are determined by their structures
and are tied to the molecules the proteins bind to. Recently, many projects have aimed to
find representative proteins for each protein family ([1], [2], [3]) to deduce the functions of
structurally similar proteins via mathematical and statistical methods. Many researchers
have focused specifically on studying binding sites, which are comprised of atoms near
the surfaces of protein molecules where binding activity is known to occur.

One approach established by a recent paper [4] and further studied in last year’s REU
[5] utilized the inherent multivariate nature of the data to study the data. [4] developed
a novel encoding of a binding site’s structural information as a covariance matrix and
[5] further incorporated the chemical composition of the binding sites. Both studies
illustrated that this representation of the data is is highly effective for classifying binding
sites according to the ligand they bind to.

In this project, we will build off of [4] and [5] to gain new insights into how this rep-
resentation can help us understand binding sites, including the very definition of them.
Binding sites are typically defined to consist of all atoms in a protein within a specified
distance to the ligand it binds to, but there is not a consensus on exactly what that
distance should be. We will investigate how the choice of this distance affects both the
distributions, including the means and covariances, of binding sites within each group and
the performance of the classification techniques utilized in [4] and [5].
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Figure 1: Left: two binding sites. Right: their covariance matrix representations

Timeline: Week 1: Students will learn about background information on proteins, mul-
tivariate statistical analysis, and many commonly used classification algorithms. Weeks
2-3: Students will work with binding sites from benchmark data sets to explore the data
and perform a literature review to understand how binding sites are commonly chosen.
Weeks 4-6: Participants will investigate the impact size of binding sites on distributions
of the data and how these affect classification studies. Weeks 7-8: Students will draw
conclusions about what they have found through their studies, write up a written report,
and prepare a final oral presentation and poster presentation.
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