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I  Proteins and Nucleic Acids
Proteins are macromolecules that serve specific purposes in all living organisms. For example, structural proteins act as the building blocks for tissue, while enzymes are catalysts in biochemical reactions. Nucleic acids encode information necessary to produce proteins. Ribonucleic acid (RNA) and deoxyribonucleic acid (DNA) are the two nucleic acids found in living organisms. Chromosomes are cytological structures found in the nuclei of human cells, and consist of DNA molecules coupled with histone proteins.

I.1  Structure of Proteins

A protein consists of a chain of molecules called amino acids. An amino acid consists of the following: one central carbon atom (Calpha) attached to a hydrogen atom (H), a carboxy group (COOH), an amino group (NH2), and a structure known as a side chain, which is unique to a given type of amino acid. There are approximately 20 different types of amino acids in nature. The amino acids that constitute a protein are joined in a chain, called the backbone, by peptide bonds (alternately, the component amino acids are called residues). Peptide bonding occurs when the C atom of the carboxy group of acid Ak bonds to the N atom of the amino group in acid Ak+1. 

I.2  Structure of Nucleic Acids

A DNA molecule is a double chain of simple, repeating molecules. The building blocks that make up the backbone consist of:

· a sugar molecule (2/-deoxyribose) joined to a phosphate residue;

· molecules called bases that attach to a specific carbon atom in each sugar molecule. These bases are adenine (A), guanine (G), cytosine (C), and thymine (T).

These two components are collectively referred to as a nucleotide. The DNA found in a human cell has hundreds of millions of nucleotides. A gene is a contiguous segment of the DNA molecule that encodes information for building a specific protein. The gene uses a triplet of nucleotides, called a codon, to describe each amino acid in the protein. The nucleic acid sequences (RNA or DNA) can be represented by a string over a four-letter alphabet (A, G, C, T).

I.3  The Human Genome Project

The Human Genome Project began in 1990 as a coordinated effort by the National Institutes of Health and the U.S. Department of Energy. Now a multinational endeavour, its main goal is to identify all the 100,000 genes in human DNA and determine the sequences of the 3 billion chemical base pairs that make up this DNA. This information is to be made widely available in databases, and supported by appropriate data analysis tools. The project is also intended to address ethical, legal, and social concerns that may arise from this type of research.

II  Geometric Structure of Proteins
A protein can be viewed on four levels of structure: primary, secondary, tertiary, and quaternary. The primary structure considers the protein as a linear sequence of residues. The notion of secondary structure arises from the fact that the protein folds in three-dimensional space and the interactions between non-adjacent residues can cause local superstructures to form, for example, alpha-helices, beta-sheets, loops, etc. The shape of a protein largely determines its function. This is because the molecule folds in an irregular manner, presenting a surface with varied protrusions and cavities. These features make the protein capable of binding to certain other molecules through complementary atomic attraction.

III  Pattern Matching, Sequence Comparison, Alignment

Approximate matching and sequence comparison are two highly significant problems in computational molecular biology. A generally accepted axiom is that similarity between biomolecular sequences usually implies some degree of functional or structural similarity. Sequence comparison attempts to identify parts of sequences that are similar (or dissimilar). Two underlying notions in sequence comparison are:

· similarity measure: given two or more sequences, qualify and quantify their similarity;

· alignment: arrange the sequences one above the other, in such a manner as to highlight the correspondence between similar substrings.

There has been extensive research done in developing scoring functions for similarity measures. Several dynamic programming algorithms exist that find the global optimum sequence alignment, given the primary sequence data, by attempting to maximize a scoring function. Structure prediction and molecular modeling use multiple sequence alignment to identify patterns common to a set of functionally-related DNA sequences.

Another approach is that of structural alignment. In this case, secondary structure information and three-dimensional representations are used to find a correspondence between pairs of residues (modeled as points in R3) in the two proteins. These optimization algorithms are based on dynamic programming techniques, distance matrices, three-dimensional clustering, or some combination of the three.

Large-scale sequence comparison in protein databases has become a powerful tool for biological inference, while alignment of protein sequences provides important information regarding gene and protein function. These alignments can be done on several different scales: for example, global alignment of pairs of proteins can be used to identify common ancestry, or homologies can be detected by searching protein databases. Currently, two popular sequence database similarity search tools are the Basic Local Alignment Search Tool (BLAST), and the FASTA and FASTP family of approximation algorithms. Several structural alignment tools are also currently available, including WhatIf, Ssap, DALI, Align, and Protep.

IV  Drug Design Using 3-D Representations

In the development of new pharmaceutical drugs, it has become popular to consider both the chemical and geometric properties of the interacting molecules (structure-based drug design). The fundamental assumption in the model is that drug activity hinges on the smaller drug molecule, called the ligand, recognizing and binding  (docking) to a specific site on the target macromolecule, called the receptor.

Computational chemists often are forced to try to develop drugs for large receptors whose structure is unknown, that is to say, the geometric structure is as yet unavailable. One approach to this problem is as follows: Consider a large set of ligands that have been shown experimentally to interact with a given receptor. Find the geometric variant of the ligands, i.e., the set of features embedded in the R3, that is present in one or more valid conformations of each of the ligands (note that because the ligand is flexible, it can assume many distinct yet potentially valid conformations). The conformation common to all members of the set is called the pharmacophore and is responsible for the drug activity. Having isolated the pharmacophore, the pharmaceutical drug activity can be improved, side effects reduced, etc.

Another problem is that of identifying a largest common substructure between two proteins. In this case, we are given the three-dimensional representations of the proteins and we know that they both exhibit a similar functionality (for example, they are both known to bind to the DNA in two different organisms). The objective is to identify the largest atomic substructure that is present in both molecules. This problem is important because it can allow chemists to infer certain properties of the proteins, and provide useful information regarding functionality.

In both cases, it can be seen that the underlying problem can be reduced to one of geometric pattern matching, where, given two point sets P and Q, in d dimensions, it is required to determine a rigid transformation that brings P closest to Q under some distance measure. While initial attempts to solve the problem relied primarily on the three-dimensional representations as input, several algorithms have been proposed that use a combination of sequence alignment and/or secondary structure information, to provide greater accuracy. 

V  Pattern Matching and The Human Genome Project

Another fundamental challenge of the human genome project is that of analyzing the sequence data with the goal of finding genes, and identifying how they interact and are regulated. It is accepted that insight into the structure and function of genes can be derived by comparing genes from different genomes. 

Gene identification algorithms are generally based on pattern recognition or probabilistic schemes of scoring potential gene variants. They attempt to identify gene-coding sequences based on pattern description of gene functional signals as well as statistical approaches such as hidden Markov models, discrimimant analysis, etc.
