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Metabolism

Chemical Activity within Cells

Energy

· Forms of Energy—heat, mechanical, electrical, chemical, etc.

· Energy Laws—First and Second Laws of Thermodynamics

· Potential and Kinetic Energy

Chemical Reactions

· Involve the rearrangement of atoms or molecules and all the energy interactions in the making and breaking of bonds between atoms.

· Some reactions break chemical bonds and are exothermic; some reactions make chemical bonds and are endothermic.

Types of Pathways

· Linear pathways

· Single step   A ( B

· Multi-step     A ( B  ( C ( D

· Cyclic

Oxidation-Reduction Reactions (Redox)

· Oxidation

· The addition of oxygen

· The removal of hydrogen or electrons

· Reduction

· The removal of oxygen

· The addition of hydrogen or electrons

· Redox reactions are coupled reactions.

Enzymes—Organic Catalysts

· Enzymes are proteins.

· Enzymes are specific.

· Enzymes are reusable.

· Enzymes are affected by

· Temperature; many have optimum temp.

· pH; many have optimum pH

· Substrate Concentration

Enzymes and Reaction Rates

· One molecule of the iron-containing enzyme catalase will bring about the decomposition of 5 X 106 molecules of H2O2 /minute at 0 C.  Iron atoms alone can split H2O2 but at a slow rate.  It would take “only” 300 years for an iron atom to split the same number of molecules of peroxide that catalase splits in 1 second! 

Enzyme Structure

· Simple Enzymes—contain only protein

· Conjugated Enzymes—contain protein and non-protein molecules

· Holoenzyme(conjugated) is combination of the 

· Apoenzyme (protein portion)

· Cofactors and/or Coenzyme

Mechanism of Enzyme Action

Co-enzymes

· Co-enzymes are non-protein organic compounds that work with enzymes.  Many are derived from vitamins.

· NAD+
· FAD

· Co-enzyme A

· Co-enzyme Q (ubiquinone)

Nicotinamide Adenine Dinucleotide (NAD+)

Co-factors

· Co-factors contain inorganic substances that work with enzymes.

· Cytochrome b

· Cytochrome c (oxidase)

· Cytochrome a

Cytochrome
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Coenzyme & Vitamin

· Pyruvate dehydrogenase

Coenzyme A—Panthotenic Acid (B3)
· Other dehydrogenases 

NAD+—Niacin 

· Succinate reductase 

FAD—Riboflavin (B2)

ATP/ADP Cycle

· ATP is the only energy “currency” usable in a cell to perform cellular work.

Ways cells can produce ATP

· Substrate-level phosphorylation (Glycolysis)

· Chemiosmotic phosphorylation (2 types)

· Oxidatative phosphorylation (energy and electrons supplied by respiration)

· Photophosphorylation (energy of electrons supplied by photosynthesis)

Carbohydrate Catabolism

Fermentation and Respiration
Glycolysis—the splitting of glucose

· Glucose is a universal metabolite.  Almost all living cells can break down glucose using the glycolytic pathway.

· After glucose is split, the cell may use a variety of processes to obtain energy.

Glycolysis-part 1

· Hexokinase catalyses the phosphorylation of glucose into glucose 6-P and then into fructose 1,6 di-P

· Fructose 1,6 di-P is very unstable and splits in half

Glycolysis-part 2

· Involves the oxidation by NAD+ and resulting phosphorylation with inorganic phosphate to form 1,3 biphosphoglyceric acid.

· Each of these 3 C compounds can produce 2 ATP’s by substrate level phosphorylation

Results of Glycolysis

· One 6 C glucose molecule is activated by 2 ATP’s.

· Glucose is split in half and each half produces 2 ATP’s for a gross gain of 4 ATP’s.

· The final products of glycolysis are 2 molecules of pyruvate, 2 NADH +H and 2 ATP’s (net gain)

Types of Fermentative Pathways
· Alcoholic Fermentation—pyruvate decarboxylated into acetaldehyde and then acetaldehyde reduced by NADH (Saccharomyces sp.—yeasts)

· Homolactic Fermentation—pyruvate converted into lactate to reoxidize NADH (Streptococcus sp.)

· Mixed Acid Fermentation—pyruvate converted into a variety of acids and gases (E. coli and other enterics)

· 2,3 Butanediol Fermentation—pyruvate converted into acids but then acids are converted into the more neutral 2,3 butanediol over time (Enterobacter sp.)
Types of Respirative Pathways

· Aerobic Respiration—the final hydrogen and electron acceptor for the reoxidation of NADH + H+ is molecular oxygen (O2)

· Anaerobic Respiration—the final hydrogen and electron acceptor for the reoxidation of NADH + H+ is an inorganic salts such as NO3 – or SO4 -2
Respirative Pathways Involve:

· Glycolysis

· Transition Step to form Acetyl-CoA

· Kreb’s Cycle

· Electron Transport System—final electron acceptor determines aerobic vs. anaerobic respiration

