


Biotechnology Chapter 4: Protein Structure and Function

Function follows structure:

	· Proteins relatively speaking have many more functions (recall organic macromolecule review, e.g. 20 6): Panel 4.1
· Why?  Well… many different A.A.s plus different levels of complexity, functionality, domians, etc.  (function of folding and domains)  

· Proteomics… study of how proteins fold and interact during folding. 

· Initial protein structure is modulated by A.A. sequence. 

· Cellular environment modulates to some extent the sequence of AA  e.g. initial considerations (e.g. hydrophobic, hydrophilic, etc..) 
	


	Amino acids also modulate in more subtle ways: 

· Peptide bonds with limited rotation  Fig. 4.5
· Peptide bond with   polar hydrogen             bonding:   Fig. 4.4, 4.6
· Ionic

· Van Der Waals

· Hydrophobic expulsion

Side group subtleties: 

· Positive and negative or neutral

· +/- polar to each other, water and polar covalent peptide bonds,  non polar to  lipids.
	


Conformation: Final folded structure of a protein:  


	Proteins will often fold into energetically most stable conformation (UREA denaturing example) Simple proteins may fold back correctly. 

In cells, there are lots of incorrect templates that may result in improper conformations, sooo. Chaperones…

Protein shape is very complex;  Range in size from 30 to 10,000 AA residues (as a complex, not necessarily a peptide chain) and even small ones are very hard to follow structure intuitively (pg. 132/133.)
	


So are there trends or bigger ideas that we can work with to get a handle on this? 

	1.  Note that # of AA’s alone is not very revealing. 

2. Levels (some overlap with earlier 107 ideas) e.g. 1: AA seq.  2: alpha and beta  3:interaction of chains on larger scale, 

4: distinctly separate domians interacting

Alpha helix (Ah) and Beta pleat (Bp)

              Critical Point
Ah: every 3.6 A.A. the polar covalent bonds of peptide backbone coils on itself. 

Additional stabilization’s from AAs side chains some distance apart. Fig. 4.10
Hydrophobic expulsion will either force polar AA into interiors as in trans-membrane proteins or hydrophobic interior strip with polar exterior solution (coiled coil)  

Bp: Opposing side chains can be linked from some distance: 
Can be polar/polar (In aqueous solutions) Polar/ non polar (interface) and non polar/non polar in the interior of many proteins/lipids
	


3. Domains A highly conserved region of a protein that can be found among many different protein, but retains it general functionality. 

Glutamic Acid Shuttle



G-6-P Shuttle: Fig. 4.19/21
Neg AA: Positive domain/ Fat Soluble Carrier
 Neg AA: Positive domain/ Fat Soluble Carrier

	4. Families: Similar total 3_D structure, active site and general architecture (e.g. carboxylases, cytochromes, antibodies, etc..) Implies functionality…..


Consider that X protein is about 300 AA’s long so 20 300 possibilities ( = 10 390)

In consideration of this many possibilities, only a small number are actually possible and are seen in families: 

Often members of a family can bind as sub-units of a larger complex (dimers, tetramers, etc..) 


	


 As in hemoglobin: Phenomenally well studied but still surprising. 

· Family of globins

· Domain: Heme group

· Subunits (4, in two dimers of Alpha and Beta do not confuse with pleat and sheet) 

· Levels: 1. 134 AA   2. Alpha and beta   C. S-S/ tertiary structure    d. subiunits interacting

Sub-units can add indefinitely to make a massive and relatively homogeneous structure. 

Actin filaments: Fig. 4.24/25



Protein coats of a virus

	5. Larger Scale motifs of proteins: 

Larger helices of collagen are not alpha helix, on a much larger scale: Fig. 4.28
Globular: enzymes, globins, 

Elastin: variable shape with cross linking conferring elasticity. 

Antibodies etc


	


	6. Miscellaneous protein structural considerations (note, some overlap with prior ideas.)

Cysteine bridges (AKA disulfide bonds) and along with histidine are the only sulfur containing amino acids and only Cysteine has the ability to form cross bridges.  Can be crucial at 3’ or 4’ level of structure. 

CH2-SH  + HS-CH2---( CH2-S-S-CH2

        Mildly Acidic              Mildly                     Alkaline


Reduced
      Oxidized

Common in extreme environments (ECM, lysozymes) as most of cell is too mild to allow for cross linking (as it is a mildly reducing environment.)  

Steps of reductions and follow up oxidation is used to straighten curly hair (if only reduced, will fall off) 

Ligands: Molecules that can be big or small that have a specific binding pattern 

Small EDTA (grabs Ca ++)  and other chelating agents,  up to antibodies with Variable Heavy and Variable Light chains and ability to label cells, macromolecules, etc… Fig. 4.31, 4.32
Equilibrium of variable protein stable forms:  Even 1-2 H bonds on an enormous protein can alter its equilibrium and its form conformation, dimer, tertiary structure etc…
	


Group Homework…

The goal of this exercise is to have you to become more familiar with the terminology used to describe proteins.  Your group will be given a set of materials (pipe cleaners, paper clips, etc) and will be asked to build a model of your protein.  You will also be asked to provide a 1 page description of your model and present your model and its accompanying description the class. Name your protein, give it  a specific functionality and try to make its form follow it function (if possible).  Use color to help identify certain amino acids (for example, blue for polar, pink for non-polar)  Following presentation, your models and their accompanying descriptions will be placed around the classroom and the students will be asked to inquire and critique each others’ models.  Please provide enough descriptions for the whole class. 

A specific class of proteins warrants some further discussion. 
	Enzymes are globular proteins with both high binding specificity and catalytic nature.  They can bind, say as an antibodies does, or a collagen monomers form polymers) but for enzymes, binding is just the start. 

Catalysts: A substance that accelerates a reaction, but is not used up in the process: 

EG: CO2-----H2O---(  1: H2CO3 in 1 second    

VS  CO2 + H20 ----Enzyme( 106 H2CO3 in 1 second
Lysozyme:  A classic enzyme, one of the first studied in any great detail (analogous to the well studied hemoglobin.) Fig. 4.33 

Role in cell? Has an antibiotic quality in that it severs the polysaccharide cell wall of bacteria and causes them to osmotically burst (why no effect on animal cells?)

Lysozyme will act on a polysaccharide of at least 6 sugars in length. 

Note:  The reaction of a 6 sugar unit to a 4 and 2 sugar unit is energetically favorable but very slow to occur. 

Why at least 6:  Steric strain requires 6.  Toothpick demo…..

This distorted shape is called the transition state. Fig. 3.13 and 4.35
So lysozyme distorts 6 sugar unit into transition state, therefore

Lower activation energy requires to pass transition state hump.

So enzyme accelerate reactions by causing 

1.  Steric strain…

2. Electron distribution and stabilization

Fig. 5.29

3. Orientation optimization

Diagram of enzymes active site and the micro-environment it creates: Fig. 4.34
	


	So assignment:  what would an enzyme’s micro-environment and active site be like in a substance that converts COO-  to COOH?  (a hypothetical case) 

Enzymology: Study of enzymes.  What are some of the initial considerations?

Well, after purification and identification of the specific reaction,  kinetic studies are conducted. 

Why?  Competitive inhibition of enzymes is at the heart of many pharmaceuticals. 


	


NOTE:  Technique sections: pages 160-165 not on exam unless cover in lecture or lab. 

Graph of enzyme kinetics
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                                                   Substrate Concentration

Rate = Vmax[S/(S+Km)]                 Michaelis Menton Equation
Lets look at three scenarios at see in the equation and see if they make sense under conditions of low substrate, Km [] and high substrate.  (essentially low, medium and high.)

1. Low substrate  Rate=Vmax[S/Km]  so even a small shift in S [] will cause  V to increase very quickly (as S is not in denominator if low) 

2.  Km=S  Rate =Vmax [Km /(2Km)]  which = 1/2 Vmax (definition of Km)

3. S>>Km   Rate = Vmax [S/(S+0)] so rate = Vmax which occurs at starting substrate (e.g. high substrate.)  

Proteins with non proteins moieties (portions of molecule) 
	· Rhodopsin (protein)  retinal light sensitive derivative of Vitamin A with cis/trans conformational changes. Fig. 4.36
· Heme:  Oxygen carrying porphyrin ring

· Biotin: Carboxylase carrying component to transfer single carbon units. 

Such units (called non-protein moeities) are often derived from vitamins and minerals. 


	


-Enzyme regulation: 

	· The production of enzymes can be controlled via DNA--(RNA-(protein    all steps for control

· Locations in ER, Mitochondria, etc. can assume active role as a function of microenvironment.   Fig. 4.37 & 4.38 (most common method for short term) 


	


Positive or Negative control of enzymes aid in maintaining cellular homeostasis. 

· For example: negative feedback via cholesterol.  As concentration builds up, results in inhibiting HMG S-Co Synthase. 

· ADP will stimulate G--( G-6-P as ATP conc. is low

· Exactly where on the enzyme is the control modulated? 

· Allosteric Site: : Makes a conformational change that alters actives site which causes alteration in kinetics. (either accelerates or slows) Fig. 4.40
· Phosphorylation: Attach a PO4 to serine, threonine or tyrosine (OH AAs).  Can activate or deactivate, and is often involved in an amplification cascade.  Fig. 4.41. 
