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Proteins are molecules that are needed by humans and insects and all the other living things. Without these molecules, we will not live or function. They are the machines of the cells.
. Proteins such as synthetases help make other proteins from nucleic acids. (So where do those proteins come from?) Two well-known nucleic acids are DNA and RNA.

. Proteins such as porins act as doorways on the membrane bag inside which the cell components are kept. (So how does the membrane bag form initially?)

. Proteins such as receptors act as watchmen on the membranes. Our heroes enable the cells to communicate with each other and help the various organs to form with the right shape, at the right place and at the right time.

. But for protein molecules that govern the Sodium / Potassium channels, our nerve cells cannot form the voltage potentials that race across the nerves carrying information.

Proteins come in various shapes and sizes -- like clothes. They are tailored by cells for different functions. They are omni-present, pervading all cells and parts of the body. There are the fibrous sort such as those that make silk, hair etc. Then there are those that sit inside the membranes which cover cells and also make compartments in them. However the vast majority of them float around like globules of oil in water and are called globular proteins. But whether they are globular, fibrous or membrane proteins, all are tailored by stringing together aminoacid molecules. These are organic acids (containing the acid -COOH group and an amino group -NH2) which are the building blocks of all proteins.
Protein Synthesis
The protein is synthesised based on the information encoded in DNA (deoxyribonucleic acid). There are twenty different aminoacids. They can be represented by the letters A,C,D,E,F,G,H,I,K,L,M,N,P,Q,R,S,T,V,W,Y. These letters all have the same backbone and differ in the way the carbon,nitrogen,oxygen and--in two cases (C,M)--sulphur, atoms are bonded together in the sidechain. These aminoacid molecules have different physical and chemical properties depending upon the atoms in the sidechain. As a rough description A,C,I,L,M,V,W,Y can be called hydrophobic, or water repelling, meaning that they do not interact so easily with water and are generally found inside the globular proteins. In contrast D,E,G,H,K,N,P,Q,R,S,T can be called hydrophilic (water liking) and are generally found on the surface exposed parts of the globular proteins. Find the amino acid that does not appear in the genetic code in the adjacent picture!
Protein Shape
The protein shape is decided by how these twenty letters in the protein alphabet are strung together. How they shape is how they fold. Fold them correctly and they are ready to act their different roles. Some have problems shaping up or need to be delayed in getting into the act. For these there are assistants who chaperone them to their proper folds. But by and large give them their sequence and they are fold-ready. just as was shown by Christian Anfinsen way back in the 1950s. He took the protein ribonuclease A (that cuts RNA into smaller parts) and got it to fold and unfold outside the cellular environment, in the beakers and test-tubes used in the laboratory (in vitro). He unwound the ribonuclease like a ball of string using the chemical Urea and another chemical called beta mercaptoethanol and then got it to roll up in the correct manner by removing (dialysing out) the Urea and the beta mercaptoethanol. This process could be reversibly repeated and each time the ribonuclease folded to its native state, being able to cut up RNA (ribonucleic acid) molecules.

Obviously the sequence of aminoacids that form the protein and the molecular environment has the information for the string to be rolled into its shape. The sequence and the molecular environment tells the protein how to fold. Like unwinding the paragraph into strings of letters and getting these paragraphs to reform, using the grammar and syntax of the language. Only the protein molecule does it by itself aided by the physical forces that stabilise interaction between those atoms which are not bonded together.
Discovering Grammar
In any language, words are formed from letters. And sentences from words. Then stories are made with sentences. These creations of ours follow because of common rules and vocabulary. Strangers to any language would devise ways to read the letters and by looking at the variety of compositions can realise, hopefully, that there are patterns to the word formations. And by analysing them learn the rules. Then again, it is probable that by looking at the way the stories affect people they can learn how to compose sentences and stories. To get what they need or just for the fun of learning and using a new language.
The Peptide Bond
It's quite the same with proteins. The alphabet is known to have twenty aminoacids. The carbon atom of the acid group in one amino acid molecule and the nitrogen atom of the amino group in the neighbouring molecule are bonded (one water molecule is removed). This bond called the 'peptide bond' strings together the aminoacids, to make proteins of various molecular weights.

The sequence of aminoacids that make a protein can quite routinely be found out nowadays because of the ease of DNA sequencing technology. From the DNA sequence one can find out which region will code for the protein. The corresponding sequence of aminoacids or letters that make up the protein can then be found out.
Protein Structure
The three dimensional structure of a protein can be experimentally determined using a method called X-ray crystallography that makes use of X-rays to get information from a crystal formed from a protein molecule. This also gives information on the aminoacid chain which tells how the protein folds. Over the past fifty odd years about hundred thousand protein structures mainly of the globular or water soluble variety have been determined. 
How Proteins Fold
Looking at these structures it turns out, just as novels are often variations or mix-n-matches of successful stories,  protein structures are made of a limited set of substructures (called alpha helices, beta strands and loops) put together in not too many different ways. The way these are put together determines how the protein folds are generated. There are a  limited number of folds -- many sequences but few folds. For example, the globin fold -- a set of alpha helices joined together in a particular way -- is seen in all hemoglobins and related molecules which help in oxygen transport. See cover photo.

It turned out to the surprise of many protein researchers, that even when the sequence of aminoacids were not identical or similar in character between two proteins, their folds were similar. It's like telling the same plot of a story using different words -- not so surprising when seen this way. This tendency to use a limited toolkit of frameworks has led to estimates that probably there will only about a few thousand different folding patterns amongst all the proteins, less than the variety of stories we generate using say the twentysix letter English alphabet. Now around two thousand folds are known.
Predicting Stories
As the collection of protein structures started growing, they were organised into a database. People then started to search the database for common structural patterns, like to trying to look for similar novels in a library. They then try and see whether there are patterns in the sequences that make up the similar structures. It seems that when the sequences of aminoacids between two proteins are more than 80% identical in the arrangement of letters, then the structures of the proteins are similar or homologous. That is quite obvious in retrospect. So homology-based modelling methods can be used to predict structures.

But what about when there is less than say 40 out of 100 residues that are identical? The limited number of folds comes to the rescue. Just as a tailor can try whether various dresses fit or not by using a dummy, protein modellers try out their sequences on the known set of folds and see if they can manage a fit. They literally thread the protein sequences onto the folds. How do they verify if the shirt fits? They look for regions where things don't fit! For example: are hydrophobic aminoacids fitting into  hydrophobic surroundings and so on. Simple rules of how aminoacids or the atoms that make them interact or cannot interact, learnt from known protein structures, help them decide if  the protein shirt is fit to be put out for display.   

BOX
The Ramachandran Plot
A simple geometric way which is now routinely used to check protein structures is called the Ramachandran Plot. It was devised by scientists working in the 1960s in Madras University under Prof. G.N. Ramachandran. They looked at small molecule crystal structures and came up with contact (or ‘allowed’) distances for atoms that are not bonded to each other. They found a way to generate different conformations (spatial configurations) of a peptide (which is two amino acids linked together) by rotating about the bonds that make up the backbone. Those conformations in which non-bonded atoms came closer than the ‘allowed distances’ were termed disallowed.  If a protein structure that is generated has more than around 15% of amino acids having conformations that fall in the disallowed region, then that structure is not accepted as correct.

END OF BOX

By and large these methods have been useful where there is at least 30% identity between the sequences. Some others have tried using learning algorithms that try and make up a bunch of rules from a set of structures. They then use these for predicting the structure from the sequence. In all cases, in spite of claims and counter claims, much like our politicians, only a little more honestly, most often the structure prediction is still in the trial and error stages. It may well be that there are not enough structures from which the rules can be made. Or the syntax and vocabulary are too complicated. The protein however only takes time in the range of 0.001 seconds (that is in milliseconds) for folding correctly. If protein story tellers (also called protein modellers) can learn to do that in a few hours using the best of computers they will be far more happy human beings!
Why predict structures?
Most major concepts, be they in physics, chemistry or biology, have come about from scientists who did not start work thinking that it is going to be of benefit to human beings or the world or the universe. Many times putting ideas to work comes after the ideas are proved and put in storage.

So does that mean protein modelling is just for having fun like with jigsaw puzzles? Yes and No. Until we learn the rules of protein folding, the use will be limited by how correct the predictions are. But there is a lot of usefulness in protein structure prediction. This is because proteins function because of their structure. So knowing the structure makes it possible to understand how they work. And if we can learn the how of it, we can say how to modify the protein to work better or prevent the protein from working as needed. Some diseases and ailments can be prevented in this manner. Vaccines can be developed in this way.

It is not possible to determine the structure of every protein; it is time consuming and expensive. Also, the DNA sequences, from which we can know the protein sequences, are now becoming available from many organisms because of the genome projects. In these projects many laboratories and companies all over the world use innovative methods, sequencing machines and computers to determine the sequence of nucleotide bases that make-up the DNA of organisms (from micro-organisms like bacteria to macro-organisms like humans). The presence of the Internet enables the labs to exchange data and make it available to all researchers who can then analyse the DNA sequences and the protein sequences deduced from them. If we learn how to correctly predict the protein structures from the protein sequence then a whole new area of understanding and engineering of proteins for useful purposes opens up before us. For that, we need to better understand the complexities and intricacies of the different protein structures and the context in which they are made for use in the cells that make up the diversity of organisms.

