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Modification
Prediction

Techniques and implementation



Why do PTMs matter?
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- Increase the complexity of the proteome M
- Act as an additional layer on top of sequence
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What we need in PTM prediction

- Because our goal is to incorporate this function into our existing programs
(EvoDesign, QUARK, etc), it should not hamper the function or accuracy of the

other programs, meaning we need
- Reliability
- High accuracy of predictions
- Versatility
- Able to identify a wide variety of PTMs
- Speed
- Quick processing as to not hold up the pipeline
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Articie history: Post-translational modifications (PTMs) occur in almost all proteins and play an important role in numerous bi-
Received 4 December 2016

ological processes by significantly affecting proteins’ structure and dynamics. Several computational approaches
have been developed to study PTMs (eg., phosphorylation, sumoylation or palmitoylation) showing the impor-
tance of these techniques in predicting modified sites that can be further investigated with experimental ap-
proaches. In this review, we summarize some of the available online platforms and their contribution in the
study of PTMs. Moreover, we discuss the emerging capabilities of molecular modeling and simulation that are
able to complement these bioinformatics methods, providing deeper molecular insights into the biological func-
tion of post-translational modified proteins.
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Overview of existing wehservers

- Methods

- Support vector machine
- A supervised learning technique that constructs hyperplanes through data to categorize
new examples
- Random forest
- Aggregates the results of multiple decision trees, each made with a subset of the overall
training data to reduce noise
- Neuronal network

- Variety of techniques including
- Physicochemical properties
- Evolutionary data
- Protein-protein interaction data
- ldentification of motifs
- Hydrophobicity
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Number of PTM prediction webservers released by year

COUNTA of Web server

2000 2005 2010 2015

Year
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PTMscape - an R package for PTM annotation

- Uses a linear SVM model to Acetyiaion 10 Methistion (9 Uquitntion () SUMOyiaion ()

predict PTM sites ! e ligy- ‘m ) g
- Unlike other programs, has support for |z § LA ; ;
a wide range of PTM i ] : ;

- Also allows for positive and : )
negative crosstalk (ie interference) - "Z7TT TR TR T
analysis i =1 e

- However, requires training data be » §
input on every run i !

- Without this data, the package isn’t BREE. L= ] e

very useful
- Also, not very accurate
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dbPTM - a database of PTM sites

- Has been active for the last 10 years

- Has data aggregated from other databases, papers, etc

- Holds 900,000+ experimental PTM sites of over 130 types of PTM
- Uses a standardized format across the entire data set
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Disease-associated PTM Site
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How do we incorporate this data?

- Treat residues with PTMs as unique amino acids
- Would require
- A new, FASTA-like format that allows for the notation of PTMs
- Development of new sequence alignment tools
- New physics and knowledge based force fields
- Use of eukaryotic cells for experimental verification

- Avoid use of regions that would contain PTMs

- Increases likelihood of similar folding in pro- and eukaryotes
- Would either
- Reduce functionality of designs or
- Require research into ways to mimic PTM function with the current set of residues



- Compare overall reliability of different methods to determine which to use
- Begin to develop code to implement this

- Apply feedback/suggestions to next year’'s UROP program

- Come to the UROP symposium on Wednesday!



