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            Professor Dr. Raid M. H. Al-Salih Biochemistry / Proteins 1 amino acids Any of a large number of compounds found in living cells that contain carbon, oxygen, hydrogen, and nitrogen, and join together to form proteins. Amino acids contain a basic amino group (NH 2 ) and an acidic carboxyl group (COOH), both attached to the same carbon atom (α-carbon). So they can be named α-amino acids . Since the carboxyl group has a proton available for binding with the electrons of another atom, and the amino group has electrons available for binding with a proton from another atom, the amino acid behaves as an acid and a base simultaneously. Twenty of the naturally occurring amino acids are the building blocks of proteins, which they form by being connected to each other in chains. Eight of those twenty, called essential amino acids, cannot be synthesized in the cells of humans and must be consumed as part of the diet. The remaining twelve are nonessential amino acids. Structure of -amino acids Stereoisomers of -amino acids All amino acids in proteins are L-amino acids, except for glycine, which is achiral. 
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Professor Dr. Raid M. H. Al-Salih Biochemistry / Proteins
 1
 amino acids Any of a large number of compounds found in living cells that contain carbon, oxygen, hydrogen, and nitrogen, and join together to form proteins. Amino acids contain a basic amino group (NH2) and an acidic carboxyl group (COOH), both attached to the same carbon atom (α-carbon). So they can be named α-amino acids . Since the carboxyl group has a proton available for binding with the electrons of another atom, and the amino group has electrons available for binding with a proton from another atom, the amino acid behaves as an acid and a base simultaneously. Twenty of the naturally occurring amino acids are the building blocks of proteins, which they form by being connected to each other in chains. Eight of those twenty, called essential amino acids, cannot be synthesized in the cells of humans and must be consumed as part of the diet. The remaining twelve are nonessential amino acids.
 Structure of -amino acids
 Stereoisomers of -amino acids
 All amino acids in proteins are L-amino acids, except for glycine, which is achiral.
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 Modified or Unusual Amino Acids
 HOW ARE AMINO ACIDS MADE? - Many organisms can make all 20 of the amino acids o Bacteria, yeast, and plants - Some amino acids are made from common metabolic intermediates directly o For example, alanine is made from pyruvate (transamination of pyruvate with glutamate as the amino donor) - Some amino acids are made as products from long and complex pathways o For example, aromatic amino acids are made from the shikimic acid pathway - Humans and other animals CANNOT make some of the 20 amino acids o These are ESSENTIAL AMINO ACIDS Arginine and Histidine are essential only in babies or in people with extreme metabolic stress disease – Conditional Essential Amino Acids
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 - Foods vary in “protein quality” o Content of essential amino acids
 - Animal proteins are often of a “higher quality” than vegetable proteins o Cereals are deficient in Lys o Legumes are low in Met and Cys o So vegetarians need variety - Since human cannot make all 20 aa’s – we are susceptible to protein malnutrition especially in children and elderly adults Note that all amino acids are at one point, electrically neutral at some pH value. This pH = isoelectric point (pI) How do you calculate pI? 1. Draw out the complete ionization of amino acid 2. Determine net charge on each ionized form 3. Find the structure that has no net charge 4. Take the average of the pKa’s that are around the structure with NO NET CHARGE pI = pKa1 + pKa2/2
 5. Note do NOT just take the average of all pKa’s.
 Ionic properties of Amino Acids
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 Isoelectric point (pI) for amino acids with ionizable side chains:
 Take average pKa for the two ionizations involving the neutral (net charge of zero) species.
 pI of Glu = (2.19 + 4.25)/2 = 3.22
 pI of His = (6.0 + 9.17)/2 = 7.59
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 Reactions of amino acids
 1 Decarboxylation
 2- Deamination
 3- Transamination
 4- Reaction with nitrous acid
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 5- reaction with ninhydrin
 6- Sanger Reaction
 Famous reaction usually used to identify the amino acid of N-terminal of peptide chain with
 destruction of the remain chain. The reagent (2,4- Dinitro Flouro benzene) reacts with that amino
 acid to form yellow compound that can be identified by chromatography.
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 7- Edman Reaction
 Famous reaction usually used to identify the sequence of amino acids of peptide chain because it is
 not destroy the chain. The reagent (phenyl isothiocyanate) reacts with amino acid as below.
 Formation of a Peptide
 Examples
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 FOUR LEVELS OF PROTEIN STRUCTURE: - Primary (1°) o Linear sequence of amino acids in a protein (peptide bonds) - Secondary (2°) o Local 3-dimensional structure of the PEPTIDE BACKBONE
 -helix and -sheets Formed by a H-bond between every 4th peptide bond – C=O to N-H Usually in proteins that span a membrane
 The helix can either coil to the right or the left - Tertiary (3°) o Global arrangement of secondary structure, side chains (R groups), and other prosthetic groups (e.g.metals) (non covalent ionic bonds)
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 - Quaternary (4°) Arrangement of multiple proteins into complexes(Interaction between
 2polypeptide chains) (Van der Waals force)
 Hydrolysis of Proteins
 1- Acidic hydrolysis (6 N of HCl at 100 ο C for 72 hours): leads to conversion of side chain to another compounds (unfavorable method).
 2- Alkaline hydrolysis(4 N of NaOH at 100 ο C for (4-8) hours: leads to destruction of amino acids (unfavorable method).
 3- Enzymatic hydrolysis by proteolytic enzymes such as pepsin and trypsin that can break peptide bonds between amino acids (arginine and lysine)
 Protein Metaprotein Metaprotein Proteoses Peptone α – amino acids Dipeptides Polypeptides
 Classification of Proteins on the Basis of Biological Role: 1. Structural Proteins a. Provide mechanical support to cells and organisms b. Give strength to bones, skin and tendons: collagen, elastin 2. Enzymes a. Proteins that serve as biological catalysts for chemical reactions in cells 3. Transport and Storage a. Carriers for small biomolecules to cellular destinations for use in metabolism or in construction of cell components b. Examples: oxygen, ferritin (iron in liver), lipoproteins that transport cholesterol 4. Muscle Contraction and Mobility
 https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&sqi=2&ved=0CCgQFjAA&url=http%3A%2F%2Fen.wikipedia.org%2Fwiki%2FVan_der_Waals_force&ei=NTtVU-G-CoWDtAa8y4GgCA&usg=AFQjCNGZWb-r4RPNAriTUgMg0of5GlwmBw&sig2=Rg2P74kDxfsVpRA1N53-nQ&bvm=bv.65058239,d.Yms
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 a. Actin and myosin are components of skeletal muscle 5. Immune Proteins and other Protective Proteins a. Proteins used for defensive purposes i. Example: Antibodies are proteins that bind and destroy foreign substances like viruses and bacteria 6. Regulatory and Receptor Proteins a. Proteins that regulate cellular and physiological activity i. Hormones ii. DNA Binding Proteins – assist in regulation of protein synthesis b. Receptors i. Proteins that mediate hormone signals and transmit the signal to the inside of the cell 1. e.g. G-proteins and brain receptors 2. Aspartame with taste receptor
 Denaturation of Proteins Denaturation of proteins involves the disruption and possible destruction of both the secondary and
 tertiary structures. Since denaturation reactions are not strong enough to break the peptide bonds, the
 primary structure (sequence of amino acids) remains the same after a denaturation process.
 Denaturation disrupts the normal alpha-helix and beta sheets in a protein and uncoils it into a random
 shape.
 Denaturation occurs because the bonding interactions responsible for the secondary structure
 (hydrogen bonds to amides) and tertiary structure are disrupted. In tertiary structure there are four
 types of bonding interactions between "side chains" including: hydrogen bonding, salt bridges,
 disulfide bonds, and non-polar hydrophobic interactions. which may be disrupted. Therefore, a variety
 of reagents and conditions can cause denaturation. The most common observation in the denaturation
 process is the precipitation or coagulation of the protein.
 Reversibility and irreversibility
 In very few cases (unlike egg whites), denaturation is reversible (the proteins can regain their native
 state when the denaturing influence is removed). This process can be called renaturation. This
 understanding has led to the notion that all the information needed for proteins to assume their native
 state was encoded in the primary structure of the protein, and hence in the that codes for the protein,
 the so-called "Anfinsen's thermodynamic hypothesis One example of renaturation is that an egg white
 can be uncooked using vitamin C or sodium borohydride.
 http://en.wikipedia.org/wiki/Christian_B._Anfinsen
 http://en.wikipedia.org/wiki/Anfinsen%27s_dogma
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