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Abstract
Proteins are the building blocks of living cells. The way they interact with each other and the
molecules around them is by forming chemical bonds, usually involving “binding pockets”. A
recent innovation in computational biology is the ability to computationally predict structures of
proteins, which enables the prediction of potential binding pockets. Unfortunately, these
predictions are inaccurate, and around 20 pockets are predicted for every one real pocket. We
designed a new method to identify which potential pockets are most likely to have real binding
activity. Our approach takes advantage of existing estimates of evolutionary conservation across
the genome, where high conservation correlates to low mutation rate. By mapping all 20,504
human proteins to the genome, we were able to identify the extent of conservation for each
predicted pocket in every protein. We performed this mapping by writing custom Python scripts
that automated the task of running a collection of open source programs to predict and analyze
over 730,000 candidate pockets. We found that most proposed pockets show low conservation,
and a small number of outliers show quite high conservation - these are the likely true binding
pockets. We specifically investigated all predicted pockets in the ACE2 receptor protein, which
is an important protein in SARS-CoV2 infection. As hypothesized, the pockets with low
conservation tended to be in regions without binding potential, while the pockets with high
conservation were in regions that are plausibly binding sites.

Question, Variables, and Hypothesis
Of potential protein binding pockets, which are conserved and thus likely functional?
Hypothesis: Proteins with higher conservation are more likely to be real.
Dependent variable: extent of conservation
Independent variable: whether binding pocket is functional or not

Background Research:

“Roll” is a new algorithm for the detection of binding pockets and cavities in proteins. The
scientists who developed this program use it for the. “Prediction of ligand binding sites of
proteins is significant as it can provide insight into biological functions and reaction mechanisms
of proteins”  (Yu et al., 2009). A rolling ball is used to trace the rigid structure of the proteins and
calculate the different depths on the protein, which locates the different binding pockets in
proteins. Knowing the predicted structures of the proteins helps researchers determine the rate
evolution of protein structures through comparison.

Because there were no accurate ways to detect mutation rates of proteins, the authors of
"Detection of nonneutral substitution rates on mammalian phylogenies” have created a way to
determine the speed of mutations in different parts of proteins. They explain that “Most existing
methods consider either reductions (conservation) or increases (acceleration) in rate but not both,



or assume that selection acts uniformly across the branches of a phylogeny.” (Kathrine S. Pollard
et al., 2010). Instead of doing this, the researchers considered both conservation and acceleration
in rates of mutation, making their method much more accurate and useful than previous ones. We
will use this database in our project to determine if mutations happen faster in the binding
pockets of proteins than in other parts.
 

The mutation speeds of binding pockets is important because it becomes useful in medicine and
drug design. “Predicting which molecules can bind to a given binding site of a protein with
known 3D structure is important to decipher the protein function, and useful in drug design to
identify drug precursors or predict potential side effects if a drug candidate is predicted to bind to
many protein pockets” (Hoffmann, Brice, et al., 2010). Knowing information on the acceleration
rates of mutations can help the development of medicine. This research is crucial in order to
understand how a protein functions to create medicine and how it reacts with other drugs as well
as predicting side effects.

Knowing the flexibility and mutation rates of protein structures is vital because “The
inclusion of protein flexibility is important in correctly identifying the druggability of pockets
that would be missed by methods based solely on the rigid crystal structure” (Loving, Lin, Cheng
et al., 2014). Societal benefits of knowing the protein structures and mutations include improving
medicine, such as vaccines, antibiotics, antivirals, and antidotes. Medicines created to fit the
changing protein structures can last longer and be more effective in treatment. Additionally,
knowing the mutations of proteins can help scientists change the functions of proteins through
gene therapy. Gene therapy modifies the DNA, which holds the information of the structures and
functions of proteins. With this in mind, further research on proteins can allow us to [hopefully]
use gene therapy to find cures for things such as cancer or colorblindness.



Experimental Procedure:
1) We downloaded predicted protein structures of all 20,504 human proteins from the

Uniprot repository. 
Uniprot (protein structures) - Database, AlphaFold Protein Structure. “Alphafold Protein
Structure Database.” AlphaFold Protein Structure Database, https://alphafold.ebi.ac.uk/.  

2) We applied the software Fpocket to identify potential pockets in all proteins. 
Fpocket (find pockets) - Discngine. “Discngine/Fpocket: Fpocket Is a Very Fast Open Source
Protein Pocket Detection Algorithm Based on Voronoi Tessellation. the Platform Is Suited for the
Scientific Community Willing to Develop New Scoring Functions and Extract Pocket Descriptors
on a Large Scale Level. Fpocket Is Distributed as Free Open Source Software. If You Are
Interested in Integrating Fpocket in an Industrial Setting and Require Official Support, Please
Contact Discngine (Www.discngine.com).” GitHub, https://github.com/Discngine/fpocket.  

3) We utilized the software Pymol to locate the center of each pocket in 3-D space and to
identify the amino acids in close proximity to pocket centers.
>Pymol (pocket amino acids) - “Main Page.” PyMOLWiki, https://pymolwiki.org/.  

4) We downloaded pre-computed estimates of conservation levels for all nucleotides in the
entire human genome. 
>PhyloP (conservation) - Index of /Goldenpath/hg38/phylop100way,
https://hgdownload.cse.ucsc.edu/goldenPath/hg38/phyloP100way/.  

5) We mapped all proteins to their encoding locations on the genome and used these
mapped locations to compute an estimate of the level of conservation of each amino
acid in each protein.
>Mirage (map protein to genome) - TravisWheelerLab. “TravisWheelerLab/Mirage:
Mirage Generates Multiple Sequence Alignments of Proteoforms by Mapping Sequences
Back to Their Coding Regions on the Genome and Then Compressing Those Mappings
into Alignments.” GitHub, https://github.com/TravisWheelerLab/Mirage

6) We combined results from previous two stages to compute a measure of the
conservation of each predicted binding pocket. 

7) We gathered distributions and examples of pocket conservation values.

https://alphafold.ebi.ac.uk/
http://www.discngine.com/
https://github.com/Discngine/fpocket
https://pymolwiki.org/
https://hgdownload.cse.ucsc.edu/goldenPath/hg38/phyloP100way/
https://github.com/TravisWheelerLab/Mirage


Data Analysis and Discussion:
For each pocket, we computed the mean conservation of the amino acids in that pocket and
assigned pockets to bins in a bar chart according to this mean conservation. This graph shows
that there are no pockets with outstanding average conservation. This is likely because most
amino acids aren't highly conserved, even in true binding pockets.

For each pocket, we computed the maximum conservation of the amino acids in that pocket and
assigned pockets to bins in a bar chart according to this max conservation. This graph shows
that a small percentage of all proposed binding pockets have one or more amino acids with
extreme conservation values. These are likely to be true binding pockets. This agrees with the
expectation that any protein will have only a small number of binding pockets.



Conclusions:
Proteins that are found in humans are also largely found in almost all other mammals and their
structures are generally conserved across evolutionary time. It is commonly accepted that
features important to a protein will be highly conserved across mammals. Perhaps the most
important feature of most proteins is the way that they bind to the molecules they interact with. It
is thus reasonable to expect that functional binding pockets will usually be highly conserved. 
Recent advances have produced predicted structures for all human proteins, and new tools aim to
predict binding pockets in those structures. Those tools frequently predict a dozen or more
pockets per protein, far more than the typical one or two pockets found in real proteins. Based on
the idea that functional aspects of proteins are more conserved, we hypothesized that true
predicted binding pockets will show levels of conservation higher than false predicted binding
pockets. 
We explored this idea by predicting pockets for all human proteins and identifying the
conservation level for each proposed pocket. We found that using the conservation level of the
most conserved amino acid in a pocket appears to produce the most informative distribution of
pockets. Using this measure, the large majority of predicted pockets show low to middle
conservation, leaving a small number of pockets as the most likely candidates for being the true
binding pocket for the protein. 
To explore this idea further, we inspected the 47 proposed binding pockets for the ACE2 receptor
(a key binding target for SARS-CoV-2) and found that proposed pockets with high conservation
appeared to fall within reasonable "pocket-like" regions of the protein, while proposed pockets
with low conservation appeared randomly on the surface of the protein. 

Future Work:
Our results are theoretical. An important next step is to validate our predictions using a dataset
of known protein binding pockets. This can be done using the database pdb-bind. 
The conservation measures we have used are actually measures of nucleotide conservation,
which frequently saturate, so that it is difficult to discriminate between levels of amino acid
conservation in proteins that are highly conserved. It would be helpful to have a new measure of
conservation at the level of amino acids. This doesn't exist yet.
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