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Protein Informatics

Introduction to Protein Informatics

Definition of Protein Informatics

¢ Proteininformatics is a branch of bioinformatics that deals with the analysis, structure,
function, and interactions of proteins using computational tools.

Protein Informatics

e |tfocuses on understanding how protein sequence determines structure and function.

Basic Concept

e Proteins are made of amino acids arranged in a sequence.
e This sequence folds into a 3D structure, which determines the protein’s function.
e Protein informatics studies:

Sequence

Structure

Function

o Interactions

Importance of Proteins
* Proteins are essential biomolecules involved in:
Enzyme activity
Cell signaling
Structural support

Transport and defense
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Levels of Protein Structure

A. Primary Structure

> Linear sequence of amino acids.

B. Secondary Structure

> Local folding patterns:
o Alpha helix

o Betasheet

C. Tertiary Structure

» Overall 3D structure of a single protein molecule.

D. Quaternary Structure

> Association of multiple protein subunits.

Goals of Protein Informatics

Predict protein structure from sequence
Understand protein function
Study protein interactions

Assistin drug design

Key Areas in Protein Informatics

e Protein structure prediction
Protein folding analysis
Protein-protein interactions

Functional annotation

Databases Used

e Protein Data Bank (PDB): Stores 3D structures of proteins.
e UniProt: Provides protein sequence and functional information.

e Pfam: Contains protein families and domains.

Tools and Techniques

Sequence alignment (BLAST, Clustal)
Homology modeling
Molecular docking

Molecular dynamics simulations
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Force Field Methods

Definition of Force Field Methods

e Force field methods are computational techniques used to calculate the energy of a protein
structure.

e They help in predicting how a protein will fold and behave.

Basic Principle

¢ Proteins are treated as a system of atoms connected by bonds.

¢ Mathematical equations are used to calculate forces and energy between atoms.

Components of Force Field

A. Bond Stretching
> Energy due to change in bond length.
B. Angle Bending

> Energy due to change in bond angles.

C. Torsional (Dihedral) Angles

» Energy due to rotation around bonds.

D. Non-Bondedinteractions

a) Van der Waals forces

o Weak interactions between atoms.
o Important for packing of protein structure.

b) Electrostatic interactions

o Attraction/repulsion between charged atoms.

o Calculated using Coulomb’s law.

Mathematical Representation

e Total energy = Bond energy + Angle energy + Torsion energy + Non-bonded energy

Common Force Fields

e AMBER
e CHARMM

« GROMOS

Energy Minimization

e The process of adjusting atom positions to reduce total energy.
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e Leadsto a more stable and realistic protein structure.

Applications

e Molecular dynamics simulations
e Protein structure prediction

e Drugdesign

Advantages

e Provides detailed atomic-level information

e Helpsinunderstanding protein stability

Limitations

e Computationally intensive

e Accuracy depends on parameters used

Energy Calculations

Definition of Energy.Calculations in-Proteins

e Energy calculations involve determining the total energy of a protein structure using
computational methods.

e The stability of a protein depends on its minimum energy state.

Basic Concept

e Proteins naturally fold into a structure with lowest possible energy.
e By calculating energy, we can:
o Predict stable structures

o Compare different conformations

Types of Energy in Proteins

A. Potential Energy
> Energy stored due to the position of atoms.
> Mostimportantin protein structure analysis.
B. Kinetic Energy
» Energy due to motion of atoms.

> Mainly considered in molecular dynamics simulations.

Components of Energy Calculations
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. Bond Energy

> Energy due to stretching or compressing of bonds between atoms.
. Angle Energy

> Energy due to deviation from ideal bond angles.
. Torsional Energy

> Energy due to rotation around bonds (dihedral angles).
. Van der Waals Energy

> Weak attractive or repulsive forces between atoms.

> Important for packing and stability.

. Electrostatic Energy

> Interaction between charged atoms or groups.

> Can be attractive or repulsive.

. Solvation Energy
> Energy change when a protein interacts with solvent (usually water).

> Important for understanding protein folding and stability in biological conditions.

Total Energy Formula (Conceptual)

o Total Energy =Bond + Angle + Torsion + Non-bonded interactions

Energy Functions

¢ Mathematical equations used to calculate total energy.

e Derived from force fields like AMBER or CHARMM.

Energy Minimization Process

e Adjusts atomic positions to reduce total energy.
e Removes steric clashes (overlapping atoms).

e Produces a stable conformation of the protein.

Methods Used

e Molecular mechanics

e Molecular dynamics simulations

Applications

e Protein structure prediction

¢ Molecular modeling
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