Biochemistry 2020
Lecture 4

Review:
· All amino acids have at least 2 ionizable groups 
· There is no net charge at an isoelectric point 

Peptide Bond Formation
· Peptide bond connects amino acids
· The carboxyl group of one amino acid joins the amine group of another in a condensation reaction
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· The back bone of an amino acid
· The linkage is referred to as a peptide bond
· Linus Pauling was the first to characterize the peptide bond as rigid and flat
· Found the C-N bonds between two amino acids are shorter than other C-N bonds 
· Gives them partial double bond characteristics (they are resonance hybrids)

Directionality of Peptides
· Regardless of size (tri, di), peptides have two distinct ends
· 1)The N-terminus (Amino Terminus, N-terminal end)
· 2) The C-terminus (Carboxy Terminus, C-terminal end) 
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· Terminology
· Amino acids that have formed peptides they are called amino acid residues since it has lost its water group


Peptide Orientation Convention
· Always start at the N-terminus 
· Be able to identify the amino groups 
· Ex. Ala-Glu-Gly-Lys 
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Peptide Terminology 
· Amino acid 
· 1 amino acid
· Dipeptide 
· 2 amino acids
· Tripeptide 
· 3 amino acids etc.
· Polypeptide 
· Many amino acids 

Isoelectric Points of Peptides 
· Break down the peptide into individual amino acid groups 
· Look for the ionisable groups 
· Make a table 

*Peptide bond attached to a carbonyl and an NH group

Proteins
· Single polypeptide
· Monomeric protein 
· A dimer 
· Two chains 
· Two exact same chains = homodimer 
· Two different chains = heterodimer
· Oligomer / Multisubunit 
· Many chains

Protein Composition
· Simple Proteins 
· Made up only of amino acids
· Conjugated Proteins
· Also known as compound proteins 
· Contain amino acids and some other chemical group 
· Metal ion for example
Classes of Proteins
· Enzymes
· Biological catalyst of biochemical reactions 
· Structural proteins
· Collagen
· Movement 
· Cytoskeleton
· Defense/Immune Proteins
· Antibodies 
· Regulatory/Receptors Proteins
· Hormone receptors
· Transport/Storage Protein
· Lipoproteins
· Stress Response 

Protein Properties
· Can be classified by
· 1) Structure 
· primary, secondary, tertiary
· 2) Molecular Mass
· 110 Da = average molecular weight for amino acid residue****
· 3) Isoelectric Point
· 4) Solubility 

Levels of Protein Structure
· 1) Primary 
· amino acid sequence 
· 2) Secondary 
· alpha helix, beta pleated sheets
· stabilized by h-bonds
· 3) Tertiary 
· 3D structure, Globular folds
· 4) Quaternary 
· multiple polypeptide chains interacting

Primary Structure: Amino Acid Sequence 

Determination of Amino Acid Sequence
1. Classical 
2. Mass Spectrometry 
· In general, protein sequencing methods require first fragmenting proteins into smaller peptides
· Regardless of which way you use, you must break down the peptide bonds

Hydrolysis of Peptide Bonds: Chemical 
· 1) 6 M HCl in Water and Heat 
· if you don’t want to break down the whole amino acid sequence then you can partially do a hydrolysis with half or less amount of HCl

· 2) Cyanogen Bromide (CNBr)
· recognizes Met 
· Hydrolyzes on the C-side of the peptide bond and breaks that bond 

Hydrolysis of Peptide Bonds: Enzymatic 
· 3) Trypsin peptidase
· recognizes Arg and Lys 
· hydrolyzes peptide bonds C-side of these basic amino acids

· 4) Chymotrysin Peptidase
· recognizes Phe, Trp and Tyr 
· hydrolyzes peptides bonds c-side of these aromatic aa

Classical Amino Acid Sequencing 
· N-terminal sequencing 
· First method used: Sequence of bovine insulin 
· Label and identify the N-terminal residue by chromatography 
· Peptide is fragmented to follow further identification of amino acids
· Edam Degradation Method (Example of above method)
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Secondary (2) Structure: alpha helix
· Two most common types of secondary structure 
· 1) Alpha-Helix 
· Rod like right hand turn helix 
· R-Side chains branch out 
· H-bonds between N-H groups of one amino acid and C=O group of another 
· 3.6 aa residue per turn 
· All N-H and C=O groups in the main chain H-bond in an alpha helix
· Propensity to Form alpha helices 
· Ala shows greatest tendency to form alpha helices
· Some amino acids destabilize alpha helix structure, particularly Pro and Gly  
· Length
· Typically, 10-20 residues 

· 2) Beta Pleated Sheets
· form when two or more polypeptide chains segments line up with each other 
· interactions form between the two or more regions 
· Antiparallel to one another 
· Turns and Loops 
· [image: ]Connects successive runs of alpha helices or beta pleated sheets
· Beta – Turn (or Hairpin Turn)
· Connects anti-parallel beta pleated sheets 
· Four residues with H bonding between the first and fourth residue 
· Gly and Pro are prominent in positions two and three
· Loops 
· More extended (longer chains connecting beta pleated sheets or alpha helices)

· Motifs/Folds/Super secondary Structures
· Supersecondary structures (Motifs, Folds) are combinations of individual elements into stable units. 

Tertiary Structure 
· Unique 3D structure that proteins form when folded
· Positions of all the atoms in 3D
· What holds together the Tertiary structures?
· Hydrophobic amino acids will pull together inside the molecules 
· charge and polar are found on the outside 
· proteins that are secreted will have disulfide bridges
· water molecules forming bridges on the side groups will keep it together 
· Protein Domains
· Structurally independent parts of a polypeptide chain, often with different functions
· Ex. Leucine Zipper, Beta-barrel, ATP-binding domain of hexokinase

Quaternary Structure
· [bookmark: _GoBack]Multiple polypeptide chains assemble into a single protein 
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