Biochemistry 2020 
Lecture 6

· 2,3-BPG shifts equilibrium towards the T form and enhances the release of oxygen 

The Bohr Effect 
· The Bohr Effect is the regulation of oxygen binding by hydrogen ions and carbon dioxide
· Rapidly metabolizing tissues (ex. Working muscles) produce high levels of protons (H+) and carbon dioxide 
· These act as allosteric effectors to promote oxygen release in the tissues where it is needed 
· By binding to Hb, H+ and Carbon dioxide
· Stabilize the deoxygenated form 
· Destabilization the oxygenated form  increased release of Oxygen 
· pH in hard working muscles goes down 
· Shifting to the T form it releases about 10-11% more oxygen 

Immunoglobulin Structure:
· Each polypeptide folds into multiple immunoglobulin domains (Ig Domains) whose shape is referred to as the immunoglobulin fold  
· [image: ][image: ]There are 12 total Ig domains in one IgG


Structure of Antibodies 
· Antibodies 
· Involved in immune response, also immunoglobulins 
· Antibodies bind molecules considered foreign: Antigen 
· Five classes 
· IgG is the class that is highest in concentration in the blood serum 
· IgG consists of four polypeptide chains linked together through disulfide bonds 
· [bookmark: _GoBack][image: ]Each polypeptide folds into multiple Ig Domains (Immunoglobulin domains) 
· Shape is referred to as the immunoglobulin fold
· There are 12 total Ig domains in on IgG
· Antigen-binding sites 
· Flexibility comes from Hinge region 
· There is a variable region and a constant region
· H means heavy chain 
· The structure is more or less the same except the ends because it needs to be able to attack different types of antigens 
· Hypervariable loops 
· Different amino acid sequences, there is a variety because that’s how they will be able to fight different antigens 


Protein Characterization in the Lab
· Many procedures in biochemistry involve isolation of proteins from tissues or cells for further analysis 
· Proteins can be purified to homogeneity (single protein, pure) or as complexes with other proteins 

Protein Isolation and Purification
· 1) Source: Start off with Cells or Tissues 
· derived from which organism?
· Which tissues?
· Quantity?
· 2) Assay
· method of determining whether the protein of interest is present throughout the purification procedure 
· Enzymes: Add substrate, detect product 
· Direct detection: western blot, ELISA, etc. 

Cell Disruption and Homogenization 
· Protein purification begins with cell disruption and homogenization 
· Mechanical disruption 
· Chemical disruption 
· Enzymatic disruption 
· Sonication (high frequency sound waves)

Fractional Centrifugation
· Cells, or cellular material, is lysed (as by homogenization) and centrifuged in a step-wise manner (increasing speed) 
· Lysosomes and Membrane Fragments  Nuclei  Mitochondria, Lysosomes, and Peroxisomes sediment  Plasma Membrane and Endoplasmic Reticulum sediment  Smaller organelles  Ribosomes 
· What is left in the supernatant?
· Cytosol 
· *Don’t need to remember the forces of gravity. But you do need to know the order in which the substances come out. 

Fractionation by Solubility in Ammonium Sulfate
· Different proteins have different solubilities at high ionic strength 
· Sometimes this procedure is known as Salting out 
· Ammonium sulfate is added to the sample to increase the salt concentration 
· Proteins with low solubility will precipitate
· The remainder stays in solution (supernatant) 
· More ammonium sulfate is added to the supernatant 
· Proteins with the next lowest solubility then precipitate 
· The procedure is repeated
· Example
· You have 10 samples 
· Your protein will be in one of these 10 samples
· You add the buffer so they precipitated proteins are in solution 
· The assay for detection is applied to determine which test-tube has the protein of interest.
· Now you have a sample enriched for the protein of interest 
· But it still has a mixture of proteins
· You can further purify this by electrophoresis and chromatography

Chromatography
· Separate protein by size, shape, weight, and binding affinity 
· Types of Chromatography
· 1) Gel-Filtration (Molecular Exclusion)
· Separation by protein size
· Biggest proteins come out first, get smaller and smaller  
· Material slows down the small proteins 
· Pass through a buffer 
· Separate based on size 
· Now you have 10 fractions 
· Now you apply your assay and find your protein of interest

· 2) Ion-exchange Columns 
· Separation by protein charge 
· Columns contain a charged ions exchange resin 
· Ex. Column has a beads that are negatively charged 
· Positively charged proteins will bind to the beads 
· You will get binds that don’t bind at all which will be the negative ones 
· You’ll get proteins with more positive charges and fewer positive charges which bind tightly or lightly
· Commonly used resins
· 1) Cation exchange chromatography CM (Carboxymethyl) – cellulose 
· Purifies cationic proteins 
· 2) Anion exchange chromatography DEAE (Diethylaminioethyl) – cellulose 
· Purifies anionic proteins 
· Protein Charge and pH 
· The overall charge of a protein depends on 
· It’s isolelectric point (pl), which is the constant 
· The pH of the environment 
· How does a protein’s charge change in different pHs?
· [image: ]
· At a given pH, how do you compare charges of different proteins?
· Low pI  more acidic/negative charges
· High pI  more basic/positive charges 
· These will be more tightly bound to cation exchange columns
· Elute with salt (tighter binding will elute last)
· Ex. Proteins with the least positive charges will elute first 
· Elute by adjusting the pH

· 3) Affinity
· Only useful if you know your protein can bind to a certain known protein
· Good for proteins that bind to a ligand 
· Protein of interest binds to a known ligand 
· Ligand is attached to an agarose or cellulose matrix
· Protein can be eluted by adding excess free ligand 

· Comparison of Purification Techniques
· Specific Activity: 
· total activity / total protein
· Yield: 
· Total activity (after step) / Total activity (start)
· Purification level: 
· Specific Activity (after step) / Specific activity (start)

Electrophoresis 
SDS Page (SDS Polyacrylamide Gel Electrophoresis)
· This technique allows separation of protein in a sample by size (molecular mass) of the protein 
· Proteins are coated with SDS (sodium dodecyl sulfate) and separated in a polyacrylamide gel by electrophoresis 
· After electrophoresis, separated proteins can be detected by staining techniques for 
· Analytic Electrophoresis 
· Determine molecular size of a protein 
· Determine the purity of a protein sample
· Determine the quantity of a specific protein in a mixture of proteins
· Preparative Electrophoresis
· Isolate the protein for further analysis 
· SDS Page – Protein Denaturation
· Denatured by:
· Heat 
· 2-mercaptoethanal (beta-mercaptoethanol) 
· reducing agent for disulfide bonds
· SDS (Sodium Dodecyl Sulfate)
· Negatively charged detergent 
· Present in the protein sample and in the gel itself
· Coats hydrophobic regions of proteins thereby making them linear or rod-like 

Polyacrylamide Gel Electrophoresis (PAGE)
· PAGE can be used for separation of proteins as well as nucleic acids (DNA and RNA). 
· Acrylamide is a neurotoxin that can cross-links into polymers and into a 3-D mesh when combined with bis-acrylamide. 
· Protein samples are applied to the PAGE gel and an electric field is induced through the gel.  
· Because they are coated in negatively-charged SDS, proteins migrate toward the anode  
· Separation is based mostly on size  
· Smaller proteins go down first
· After electrophoresis, gels can be stained with dyes that bind to proteins, such as Coomassie Brilliant Blue®  
· Protein migration is compared to a molecular weight/mass standard (protein marker/ladder). 

Native Protein Conformations
· Protein multimers 
· Homodimers – Two identical polypeptides form a complex  
· Heterodimers – Two different polypeptides form a complex  
· Trimers, Tetramers, Pentamers, Hexamers, etc.  
· Can be held together by disulfide bonds, electrostatic interactions, etc. that are broken by denaturing conditions (e.g. SDS, 2-mercaptoethanol)  
· Native conformations are retained through gel filtration 
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