Protein

Proteins
Proteins are large biomolecules, or macromolecules, consisting of one or more long chains of amino acid residues. Proteins perform a vast array of functions within organisms, including  catalysing metabolic reactions, DNA replication, responding to stimuli, providing structure to cells and organisms, and transporting molecules from one location to another. Proteins differ from one another primarily in their sequence of amino acids, which is dictated by the nucleotide sequence of their genes, and which usually results in protein folding into a specific three-dimensional structure that determines its activity.
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α-Amino Acids 
The structures of the 20 most common naturally occurring amine acids are shown in Scheme bellow. They differ only in the side chain attached to the α-carbon. 
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Among them, ten are essential amino  acids (Scheme 3). These amino acids are to be obtained from diets because we either can not synthesize them at all or can not synthesize them in adequate amounts.
[image: ]
Configuration α-Amino Acids 
In 19 of the 20 naturally occurring α-amino acids, except glycine, the α-carbon is an asymmetric center. Thus, they can exit as enantiomers, and the most amino acids found in nature have L-configuration. Scheme 4 shows the Fischer projection of an amino acid with a carboxyl group on the top and the R group on the bottom of the vertical axis is an L-amino acid if the amino group is on the left and a D-amino acid if the amino group is one the right.
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Acid-Base Properties α-Amino Acids 
Amino acid has a carboxyl group and amino group, and each group can exist in an acidic or basic form, depending on the pH of the solution in that the amino acid is dissolved. In addition, some amino acids, such as glutamate, also contain ionizable side chain. 
The pKa values of the carboxyl group and the protonated amino group of the amino acids approximately are 2 and 9, respectively. Thus, both groups will be in their acidic forms in highly acidic medium (pH ~ 0). At pH 7, the pH of the solution is greater than the pKa of the carboxyl group, but less than the pKa of the protonated amino group. Hence, the carboxyl group will be in its basic form and the amino group in its acidic form (called Zwitter ion). In strongly basic medium (pH 11), both groups will be in basic form. Thus, an amino acid can never exist as an uncharged compound, regardless of the pH of the medium.
[image: ]The Isoelectric Point (pI) 
The isolectric point (pI) of an amino acid is the pH where it has no net charge. For example, the pI of an amino acid that does not possess an ionizable side chain is midway between its two pKa values
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In case of an amino acid that contains an ionizable side chain, the pI is the average of the pKa values of the similarly ionizing groups. For example, see pI of lysine
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Peptides and Proteins
These are naturally occurring polymers in living systems. The polymers with molecular weights less than 10000 are termed as peptides and those with higher molecular weights are termed as proteins. The acid-catalyzed hydrolysis of peptides and proteins affords the constituent α-amino acids.
[image: ]Primary Structure of Protein 
The primary structure of a protein describes the sequence of amino acids in the chain. Insulin is the first protein whose amino acid sequence was determined. Scheme 2 presents the primary structure of insulin.
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Secondary Structure of Protein 
The secondary structure describes how the segments of the backbone chain fold. These conformations are stabilized by H-bonding between the peptide groups-between NH of one amino acid residue and C=O group of another.
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-Helix: 
The first type of secondary structure is -helix, where the backbone coils around the long axis of the protein molecule. The substituents on the α-carbon of the amino acids protrude outward from the helix to minimize the steric hindrance. The H attached to amide nitrogen makes H-bonding with the carbonyl oxygen of an amino acid.
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β-Pleated Sheet 
The second type of secondary structure is the β-pleated sheet, in which the backbone is extended in a zigzag structure resembling pleats. The H-bonding in a β-pleated sheet occurs between the adjacent peptide chains. 
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Tertiary Structure of Protein 
The tertiary structure of a protein describes the three-dimensional arrangement of all the atoms. In solution, proteins fold to maximize their stability through interactions include disulfide bonds, hydrogen bonds, electrostatic attractions and hydrophobic interactions
[image: ]Quaternary Structure of Protein 
Some proteins have more than one peptide chain and the individual chain is called a subunit. The subunits are held together by intractions such as hydrophobic intraction, H-bonding, and electrostatic attractions. The quarternary structure of a protein describes the way the subunits are arranged in space. Scheme 5 shows the structure of hemoglobin which is a tetrameric structural protein comprising two α and two β subunits.
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[bookmark: _GoBack]Denaturation of proteins

The structure/function principle we covered in class tells us that changing the structure of a protein will affect its function.  Often that means that function is lost.   Denaturation of a protein means loss of the protein's function due to structural change in the protein caused by some external stress or compound such as a strong acid or base, a concentrated inorganic salt, an organic solvent (e.g., alcohol or chloroform), radiation or heat , some chemical or physical factor such as high temperature or unfavorable pH.  
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