Tutorial 

In-silico analysis and prediction of protein function

The tutorial will survey the emerging field of protein function prediction (sometimes referred to as gene function prediction). We will examine the available tools and the current research approaches, and demonstrate how they can be applied to study the function of newly sequenced proteins.

Instructors: Our research is dedicated to the in-silico study of protein structure and function. We all have published papers and book chapters on different aspects of function prediction, and have taught related issues to audiences with variety of backgrounds.

Yanay Ofran, PhD – Researcher at Columbia University Bioinformatics Center (C2B2). Current research focuses mainly on analysis and prediction of protein-protein interactions. Recently, coauthored a review paper about function prediction (2003, Automatic prediction of protein function, CMLS, accepted). and a book chapter about prediction methods using protein sequence (2004, Predictive methods using protein sequence, Bioinformatics, Baxevanis and Ouellette, Wiley Interscience). Teaching experience includes developing and teaching an undergraduate introductory course in bioinformatics at the Dept. of Biological Sciences, Columbia University; teaching the bioinformatics part of the graduate course “Introduction to computer applications in biomedicine”, at the Dept for Biomedical Informatics and the School of Computer Science, Columbia University, as well as presentations at scientific meetings and seminars.

Marco Punta, PhD - Researcher at the Columbia University Bioinformatics Center (C2B2). Current research focuses on predicting internal inter-reside contacts. PhD in Biophysics from the International School of Advanced Studies (ISAS) in Trieste, Italy; topic: comparative modeling and molecular dynamics simulations applied to the study of ion channels. Presentations at several meetings and seminars (Trieste Proteomics Workshop, Italy (2001); Young Neuroscientist Meeting, Italy (2001); Neurobiology in Eastern and Western Europe-Junior Scientists Meeting, Italy (2001)).

Burkard Rost, PhD - Positions: 1990-1994 EMBL Heidelberg, 1995 EBI Cambridge, 1996-1998 EMBL Heidelberg, 1998 LION Biosciences, 1999-now Associate Professor at Columbia University. We focus on methods predicting protein structure and function from sequence. Our major goals are to develop tools that can be applied in the context of analyzing entirely sequenced organisms. Achievements in numbers: 92 invited talks in 16 countries; 101 papers published and submitted; first and last-author papers quoted over 5500 times; average citation of first and last-author papers over 110; online version of first web server for prediction in molecular biology. 

Tutorial level: Introductory / Intermediate.

Intended audience: The tutorial is geared toward biologists who want to familiarize themselves with the growing number of available tools for function prediction, and toward computational scientists who want an introduction to the problem of function prediction and the current attempts to address it. The tutorial will not require advanced knowledge in any field, but we will assume basic understanding of biology (undergraduate level), and familiarity with the basic tools and algorithms of computational biology (e.g. sequence alignment).     

Tutorial content and schedule (210 min, not including breaks): The tutorial will have two parts. First we’ll discuss the available high-throughput automated tools for function prediction, and the challenges, problems and future directions of the field. The second part of the tutorial will focus on in-silico study of the function of individual proteins. We will look at three specific proteins, and see how various computational tools and approaches could be employed to analyze their function.  

Part 1 (105 min)

I. Introduction: – What is “function” 

1. Function means different things to different people. Protein function can be described in biophysical terms (e.g. kinase), biochemical terms (being a part of a certain pathway), biological terms (e.g. “development”), pathological terms (tumor suppressor), etc. Before predicting “function” we should clarify what is it that we attempt to predict.

2. Controlled vocabularies such as Gene Ontology (GO) can convey a rigorous framework for discussing function. We will discuss GO as well as other databases, annotations and theoretical metrics that could assist the computational analysis of protein function.   

II. High throughput methods

3. Annotation transfer – using sequence or structure similarity as a means to infer function.

4. Methods and approaches for the prediction of sub-cellular localization.

5. Methods and approaches for the prediction of post-translational modifications.

6. Methods and approaches for the prediction of a cellular function type.

7. Protein-protein interaction – the next frontier of function prediction. 

Part 2 (105 min) 

I. Introduction: from large-scale predictions to single protein studies

The second part of the tutorial is devoted to the discussion of three examples of protein function assignment. The aim is to show how the interplay between bioinformatics analysis, experimental evidences and human expertise can, in most cases, provide a reliable assignment of function. The first two examples (taken from the literature) show how a correct use of high throughput methods allows us to build a working hypothesis on protein function that is crucial for designing experiments. The last example is an exercise in de novo function prediction, merely based on bioinformatics data, while we will purposely ignore available experimental data. We demonstrate the interaction between computational and experimental research, when computational research can help direct experimental studies, and experiments can identify which of several computational predictions is correct. 

II. Example 1 – From sequence to function

In this section we will describe a case of annotation transfer by use of sequence similarity. A putative voltage-dependent potassium channel is identified by motif search and sequence similarity in the proteome of an archaebacterium. This leads to electrophysiology experiments confirming the protein biophysical function. Further structural-functional characterization is finally obtained by a combination of sequence alignment and experimental use of toxins.

Bioinformatics methods used in this section comprise:

- Sequence Alignment (PSI-BLAST)

- Motifs search (PROSITE, BLOCK)

- Transmembrane helices prediction (PHDpsiHtm). 

III. Example 2 - From structure to function

In this second example we will discuss a case of annotation transfer by use of structural similarity of a protein of known structure but with no close homologues in the sequence databases. Structural alignment methods (DALI) are used to find functionally-annotated structural relatives of the protein. Structure similarity with methyltransferases allows the posing of a hypothesis regarding the protein's function. This hypothesis is tested performing binding experiments on an essential co-factor of methyltransferases that turn out to support the in silico functional assignment.  

IV. Example 3 – Exercise on de novo function assignment 

In this last section, we take a protein many functional features of which are experimentally known, namely the cyclic nucleotide gated channel from bovine rod, and treat it as a de novo function prediction target (i.e. pretend no experimental information is available). We apply several bioinformatics tools: 

- Subcellular localization methods

- Sequence alignments methods (PSI-BLAST)

- Transmembrane helices prediction (PHD and others)

- Threading methods (GenTHREADER; 3d-pssm)

In silico predictions are then tested against the experimental evidences, available from the literature.

Conclusion
