Class projects for I690: Introduction to Glycoinformatics
Below are a few topics that you can choose as the class project.
1. (Interplay between O-GlcNAcylation and phosphorylation) As we discussed in the class, the current model for predicting Yin-Yang sites are defective. Although there exists in silico analysis of Yin-Yang sites on the regulation of certain proteins [7], thorough analysis can be achieved by (1) improving the model for Yin-Yang sites incorporating dynamics of the modifications; (2) incorporating proteomic mapping of O-GlcNacylation [8] and phosphorylations; and (3) incorporating the conservation of the sites across multiple genomes. 
2. (Evolution of glycosyltransferases in eukaryotic genomes) The evolution of glycans can be largely studied through the analysis of the distribution of their synthetic enzymes, i.e. the glycosyltransferases. A recent comprehensive analysis of glycosyltransferases showed a wide distribution of these enzymes in eukaryotic genomes [1, 2]. We attempt to explore glycan-related evolutionary questions in this project. Some examples of these questions are:
a. How much neutral glycan variations can be found? 
b. What are the specific glycan structures under positive selection (driven by the pathogen) and negative selection (driven by intrinsic functional constraints, such as signaling and cell recognition)?
c. How rapid is glycan evolution and how much time is needed for targeting innate immunity to novel non-self glycans?
d. Are there bi-functional enzymes present in current genomes? Are they present as pseudo-genes?
e. What is the scope of intrinsic functional constraints on glycan-mediated options responding to pathogens?
f. Is there any other successful escape like the Neu5Gc in human genome? What is the cost of a successful escape, both in terms of the functional constraints and future evolution?
g. What are the constraints on pathogens? (Hint: this will involve the analysis of the genes in the pathogen genomes).
3. (Evolution of glycan binding proteins (GBPs) in eukaryotic genomes) Many functions of glycans are carried out through interactions with GBPs, e.g. in cell-cell recognition. Study the related evolutionary topics as in 1for GBPs, and also the potential co-evolution between glycans and GBPs.
4. (Structural basis of protein glycosylation) Glycan structure at a given glycosylation site can be impacted by the adjacent protein 3D structure. Molecular Dynamics (MD) simulation has shown that certain glycosidic linkage is preferred by the peptide adopting -sheet secondary structure [3]. The availability of more glycoprotein sequences and 3D structures gave us a chance to revisit the problem of the structural basis for protein glycosylation. The questions you may ask include (but not limited to):
a. Based on the structures of N- (and/or O-) linked glycoproteins, do different structure of glycans tend to be linked to the sites with different structural environments (e.g. solvent accessibility, secondary structure, hydrophobility, amino acid contents)? Hint: you need to retrieve glycoprotein structures and map them to the known glycans attached to them.
b. From a structural (i.e. MD or statistics) viewpoint, can we predict the microheterogeneity of each glycosylation site?
c. How do glycosylation change the structural environment of the protein?
d. How often do you observe the competition of glycosylation sites, i.e. two close glycosylation sites in which the glycan attached to one of them may affect the glycans attached to the other.

5. (Structural basis of protein-glycan interaction) Glycan array experiments can now measure the associate constant (i.e. free energy) of model glycans and glycans-binding proteins (GBP) [4]. We can now test how well docking approach can predict the protein-glycan interactions. A few examples of the questions are: 
a. Which of the docking program is best suited for this purpose? Can we estimate the accurate associate constant?
b. As we discussed in the class, glycan-protein interactions are usually multi-valent. Can we predict the binding site in the protein for a specific glycans?
c. Can we correlate the mutations in different GBPs in different mammalian species with the glycans binding specificity?
d. Can we build structural models to predict the change of glycans binding specificities from the mutations of proteins? How well does that match the glycan array experiments for the virus profiling [5]?
e. Are N-glycosylations more related than O-glycosylations to protein conformation changes?

6. (Glycan synthesis and glycomic profile) Mathematical models have been developed to predict glycotransferase (GT) specificity from N-glycomic profile data [5]. Dan Schrider (a bioinformatics Ph.D student) has implemented such a model. We want to use this model to explore the GT specificities in different tissues in mouse and human. We can also investigate if all the distinctions of GT specificities can be revealed by microarray analysis of GT genes.
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