Biochemistry – Lecture 5

Protein Folding 
· When folded properly, a protein is said to be in its native conformation 
· The conformation that is functional
· A protein can be denatured through heat, changes to pH or exposure to various chemicals (denaturing agents) 
· The primary structure/sequence of a protein plays a major role in determining the final confirmation of a protein 
· Denatured conformation: unfolded and inactive protein
· Ribonuclease is an exception it can be denatured. But most proteins can’t do that, you can’t fold it back into its functional form. 

Denaturing Conditions 
· Strong acids or bases 
· Organic solvents 
· Detergents 
· Reducing agents 
· Salt concentration 
· Heavy metal ions
· Temperature
· Mechanical stress
· Agitating the protein 
· Vibrations 

Folding Problem 
· Strong relationship between the primary structure and the 3D structure it will form 
· This is called the Protein Folding problem – predicting 

Protein Folding Prediction
· Techniques Used:
· X-ray crystallography
· NMR spectroscopy 
· Site-directed mutagenesis
· Created changes in a certain location
· Main Findings 
· Protein folding is a step-wise process
· As it merges from the cytoplasm 
· Secondary structure formation takes place early 
· Hydrophobic interactions are in important force
· Most hydrophobic amino acids are on the inside of the protein
· If you replace the hydrophobic regions it has a more deleterious affect than messing with the hydrophilic regions on the surface 



Protein Folding Pathway 
· Numerous routes and intermediates are possible for an unfolded protein to arrive at it’s stable tertiary structure 
· A protein “negotiates” its way to the low-energy, folded state

Protein Folding Intermediates 
· Small polypeptides (<100 amino acids) often form with no intermediates 
· Larger polypeptides often require several intermediates 
· Many proteins use molecular chaperones to help with folding and targeting 

Molecular Chaperones 
· As a polypeptide is being synthesized, chaperones will attach to the hydrophobic regions to prevent the hydrophobic regions from interact prematurely (secondary to tertiary)
· Molecular chaperones are proteins that help other proteins fold properly 
· They can bind “nascent” proteins to prevent inappropriate protein-protein interactions 
· Many are heat shock proteins (they are expressed during exposure to heat) in order to stabilize other proteins at higher temperatures (or on exposure to other types of stress)
· If refolding is not possible, molecular chaperones promote protein degradation 

Major Classes of Protein Structures 
· Fibrous Proteins 
· Rod-like or sheet like (elongated 
· Typically contain high proportions of alpha-helices and beta-pleated sheets; structurally simple 
· Often have structural rather than dynamic roles and are water insoluble
· Ex. Alpha-Kertain 
· A-helix  Coiled col of two alpha-helices  Protofilament (pair of coiled coils)  Filament (four right-hand twisted protofilaments) 
· Ex. Silk Fibroin 
· Beta sheets  
· Sheets and sheets glide over one another which is what makes silk so soft 
· Globular Proteins
· Spherical or rounded overall shape 
· Have diverse functions (enzyme, regulatory proteins, transporters) 
· Function usually involves binding ligands or other macromolecules 
· They are water soluble 
· Exterior is formed with hydrophilic) charged, polar) amino acid residues 
· Ex. The Globin Family 
· Hemoglobin 

Hemoglobin 
· Round overall shape: Globular 
· Four subunits: Quaternary Sturcture, Tetramer 
· Binds a chemical (prosthetic) group: Conjugated Protein 
· Two conformation states
· Two different arrangements of the protein. Both are stable forms but the protein can switch between the two. The binding to the Ligand allows this.

Terminology
· Prosthetic Group – Non-peptide chemical compound that permanently associates with a protein.
· e.g. Heme prosthetic group bound to hemoglobin) 
· Ligand – A molecule (usually small) that specifically and reversibly binds a protein
· e.g. O2 is a ligand that is reversibly bound by hemoglobin 
· Binding site – The region of a protein (in its tertiary or quaternary structure) that binds a ligand 
· Can be at two different junctions 
· Conformational state: Two different arrangements of the protein. Both are stable forms but the protein can switch between the two. The binding to the Ligand allows this.

Hemoglobin 
· Oxygen carrying molecule of vertebrates 
· Found in red cells
· Hemoglobin is a tetramer (4 polypetide subunits)
· In Human adults, it is composed of 
· Two identical alpha-subunits (a1 and a2) 
· Two identical beta-subunits (B1 and B2)

Hemoglobin Structure
· The overall structure of each of the four subunits is referred to as the globin fold (8 alpha helices). 
· Each subunit holds a prosthetic group called HEME which reversibly binds oxygen molecules. 


Other “Globins”
· Fetal Hemoglobin 
· Found in fetes of humans 
· Consists of two alpha and two gamma subunits (gamma replaces the beta pleated sheets)
· Myoglobin
· Single polypeptide (monomeric protein) 
· Also folds into a globin fold 
· Primary sequence is similar to the Hemoglobin subunit sequence 
· Located in muscle and proves immediate supply of oxygen when needed 

The Heme Prosthetic Group 
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Oxygen-bound Heme 
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Cooperative Oxygen Binding of Hemoglobin 
· Hemoglobin that has no oxygen bound is referred to as deoxyhemoglobin 
· Deoxyhemoglobin has relatively low affinity for Oxygen 
· When the heme group binds Oxygen, the affinity for the next molecule of Oxygen increases 
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Hemoglobin binds four molecules of oxygen
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Quantitative Oxygen Binding Curve
· Hemoglobin doesn’t have very high saturation at low levels
· The Axes
· [image: ]The y axis: how many molecules in that sample are saturated 
· The x axis: partial pressure 
· The Significance of the hyperbolic myoglobin curve 
· 1 ligand at one binding sight 
· The significance of the sigmoidal hemoglobin 
· Positive cooperatively – multiple subunits for the binding of ligands 
· The graph indicates that myoglobin has a higher higher affinity for Oxygen than hemoglobin  




Unloading of Oxygen from Hemoglobin 
· Quaternary structure allows for more complete unloading of oxygen by the Hemoglobin 
· As hemoglobin goes from lungs to tissues it starts at 100% saturation and it goes to 33% that means 66% of the oxygen was released 
· Myoglobin would be 100% saturated in the lungs and at the tissues 93% of the molecules stay saturated which means only 7% of the oxygen was released 

Cooperative Binding and Hemoglobin Function
Role of Hb is to deliver Oxygen from lungs to peripheral tissues 
· Partial oxygen pressure in lungs is @ 15 kPa 95% saturation  
· Partial oxygen pressure in muscle is @ 5 kPa 75% saturation  
· Partial oxygen pressure in working muscle is  between 1 and 2 kPa  

Two Stable Conformational States of Hemoglobin 
· 1) Deoxyhemoglobin 
· referred to as the T State
· 2) Oxyhemoglobin 
· referred to as the R State 
· Conformation changes between two or more states of a protein are referred to as allosteric changes 

Conformation Change allows Cooperative Binding 
· A change in the conformation of Hb once it binds Oxygen allows cooperative binding to occur 
· According to the concerted model, once a molecule of Oxygen binds a heme, the deoxy form (T-form) “clicks” or switches into the oxy form (R-form). The more oxygen bound, the more favorable the R form is 
· Spends most of its time in the R form over the T form 

Two states of hemoglobin: Rotation of Subunits
· To go from T  R the dimer rotates 15 degrees 

Change in Position of Iron Atom Upon Oxygen Bonding 
· The His shifts up  The peptide bond shifts  the iron moves up 
· If there’s more than one oxygen the stabilize in the R form 

T-R State Equilibrium 
· T   R (in our blood it switches back and forth)
· This is because we have 2,3 BPG in our blood
· It allows effective unloading of Oxygen from hemoglobin in red blood cells, it is necessary 
· It Binds to the T state which allows it to switch back and forth 
· Pure Hemoglobin TR 

2-3 Bisphosphoglycerate in Red Blood Cells 
· Present in high concentration in red blood cells 
· Binds to the T state of Hb (in the central cavity) 
· Allows for better release of Oxygen by red blood cells
· Is an allosteric effector 


Fetal Hemoglobin 
· Fetal hemoglobin uses 2 gamma subunits instead of 2 beta subunits 
· One of the differences between beta and gamma subunits:
· His 143 of beta subunit (part of 2,3-BPG binding site) is a Ser in the gamma subunit 
· This results in inefficient binding of 2,3-BPG and increased oxygen affinity 
· Fetal Hb has a HIGHER affinity for Oxygen that mental Hb because it does not have the affinity for the 2,3 BPG. Hence it needs as much oxygen as possible. 
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