Biotechnology Lecture 3

Energy, Catalysis, and Biosynthesis

	Primary characteristic of cells.  Order against entropy.  Via chemical reactions. 

Chemical reaction in cell require two things: energy and substrate. 

Enzymes harness chemical energy and with great specificity, grasp substrates

Note:  many reactions could occur simply (with an increase in temperature) but enzymes accelerate reactions (catalyze).  They are so efficient that they can accomplish this at reduced temperatures, lower substrate concentrations and with greater precision and control. 


	Arrow notation to show reaction (rxn),

Delta G etc…

Diagram enzyme Delta G/Ae


A-( B--( C---(D---(E--(F  (i.e. glycolysis)

Assembly line…yes, but circle at core… Fig. 3.2

	Anabolism plus Catabolism = Metabolism

Second law of thermodynamics.. without energy input, disorder can only increase (AKA Entropy) Fig. 3.3…

So how does system increase in order (contrary to second law?)  Via heat liberation… the entire system exhibits net entropy.  Net system diagram: Fig. 3.6 (draw at bottom margin) 

	Hour glass…


Interestingly.. this heat is not purely wasted… it can accelerate and augment reactions 

1. Directly, say via increasing kinetic energy of reactants at site of reaction.

2. Indirectly via elevated temperature of creature (e.g. warm blooded.) 


Fig. 3.10  Magnet demo of kinetic (moving e-) to potential energy
	PHOTOSYNTHESIS

Energy source: Sunlight

Process:  reduction of organics

Water used: Oxidized

H2O----O2 + H+  +e-
Note:: above very generalized


	Energy source: Oxidation of organics

Process: oxidation of organics

Water formed: Reduced

O2 + H++ e-( H20

Note: above very generalized


Homework: Do the following…

1. Follow CO2/H2O to sugar and back again to a CO2 and H20, list energy/redox, etc…

2. Redox potential: Review rules and note the different degrees Exercise 3.2

Enzyme: Catalytic protein. Free energy graph and activation energy

	Why so fixated on enzymes? Optimization can mean 1014 fold increase in efficiency verses no enzyme.  Can be genetically modified to do entirely new things that are extraordinarily specific, rapid and safe (just digest when done.) 

Diffusion brings substrate and enzyme together.  Yes, simple diffusion is very quick and some assembly line activity helps to ensure that one enzyme’s product is delivered to the next enzyme (which perceives this product as its substrate).) 

Kinetics very rapid and inadequate active site/substrate complementary structure will result in poor binding and ultimately a quick disassociation. 


	


Active site conformation of functional groups, steric hindrance, hydrogen bonding and Van Der Waals forces all decide kinetics and mistakes can be made.  

(EtOH Antifreeze and a funny little story.)

Free Energy:  Note LECTURE NOTES ONLY, CALCULATIONS ARE OPTIONAL   (REALM OF CHEMISTRY).

	
1. Stability: Positive free energy requires energy to maintain.  Fig. 3.17
Instability Negative free energy, occurs spontaneously (“energetically favorable”) 

Fig. 3.18
So:  Delta G is positive;  no reaction, negative delta G; occurs

2. Cell must conduct positive delta G reactions to live (anabolism) 

So coupling is key. 

3. Concentration can alter equilibrium dynamic (complex and not always intuitive) 

Delta G= Delta G’+0.616 (ln [B]/[A]  So..if [A]=[B] delta G= Delta G’  Table 3.1

4. Sequential values are additive.  Net negative delta G will overcome individual positive delta G. Fig. 3.22 But reaction must be sequential and largely concentration dependent

5. Activated Carrier Molecules (ACM) drive biosynthesis. ATP, NADH,NADPH (AKA cofactors)
	


Implications for biotechnology.?
	1. Nothing is free  

2. Coupling must occur in test tube 

3. Measurements must be made, cannot assume 

4. Assembly line may be employed, even if only one product is needed (and it may not be final normal product.)  

5. ADP+Pi--( ATP is cyclic!!
	


How are ACM made?

	Look closely at organelles of respiration and photosynthesis.  In a nutshell. .. Chemiosmotic theory….

Diagram of ATP--- ADP +Pi  Negative delta G function of ADP having so much P repulsion and Pi being resonantly stable.  Pg 108. 

High energy compound is phosphate

Example of chemical reaction using ATP; Creation of an amino acid. 


	


NADPH and NADH:  

	High energy compound is Hydride (H-)

NADP+/ NADPH ratio is Anabolic and kept low to allow for ready reduction. 

· Lots of NADPH can reduce other compounds in anabolic metabolism. 

NAD+/NADH ratio is Catabolic and is kept high to allow for ready oxidation. 

· Lots of NAD+ can be reduced, hence is an oxidizing reagent used in catabolic respiration reactions. 

Limits of ATP is about 13 kcal/mole. Pg108 

But there are many other high energy compounds. 

Examples and why? 


	


