Cell Biology – Lecture 8
Cell Respiration
Metabolism – all the chemical reactions

Anabolism vs. Catabolism; endergonic and exergonic


Coupling; *ATP as intermediate



Reversibility 7.4 kcal/mol in each 



*Transfer of phosphate requires different energy levels depending on molecule

Oxidation (electron loss)


*Often electrons removed with hydrogen ions (dehydrogenation)



Dehydrogenases


Coupled with reductions, also accompanied by the protons



Coenzymes are often the electron acceptors



*NAD+ (nicotinamide adenine dinucleotide) is most common, FAD


Small amounts needed only


Difference between mechanisms of energy release:



Combustion vs. enzyme mediated catabolism – rate of release, amount of heat produced

Glucose


Most energy obtained, by plants and animals, stored in glucose



Other organic molecules can be broken down



686 kcal/mol FE, potential, with oxygen

Aerobic vs. Anaerobic


Lactic acid, alcohol fermentation

Obligate & facultative (bacteria, fungi, molluscs, annelids, skeletal muscle

Glycolysis is same between

Glycolysis


Generally nets 2 ATP, adaptations in anaerobes can get more (up to 5)


Glucose in, 2 pyruvates out

In cytosol


10 steps, 3 phases

*Phase 1:  Preparation & Cleavage – energy input, G3P

Phase  2: Oxidation & ATP Generation – G3P loses e to NAD, 2 ATP


Phase 3: Pyruvate formation & ATP Generation – 2 more ATP


*Every step catalyzed by enzymes



SLP in Phase 2

*overall equation

*Fate of Pyruvate


Oxygen present – oxidation of pyruvate


Oxygen absent – different pathways depending on organism



NAD needs to be regenerated, no ETC



Lactic acid fermentation is reversible (some bacteria, animal cells)



Only ~7% of the energy harvested from glucose
*Other carbohydrates

Gluconeogenesis (anabolic)


*Many steps reversible, but three excessively endergonic, different enzymes


Primarily in liver cells

Regulation 


*Unique enzymes between the two allosterically regulated, both + and –
Aerobic Respiration Overview

Pyruvate oxided completely into CO2

Up to 38 ATP generated, total

*5 stages – first three are Redox


Stage four is energy harvesting from electrons



Stage five uses energy to phosphorylate ADP

Mitochondria form/function


*Two membranes – outer very permeable due to porins, inner not

Tricarboxylic Acid Cycle (Krebs)


Acetyl CoA enters – from oxidation of pyruvate or fatty acids


*2-C acetate transferred to 4-C oxaloacetate to make citrate



Coenzyme A recycled


Citrate decarboxylated (twice – CO2 produced), oxidized


*Eight steps – half are oxidations (dehydrogenases),first two decarboxylations

1 ATP production directly


NADH as electron acceptor for Redox, FADH2 once (C=C formation releases less E than C=O)

*Summary equation


*Overall equation so far

Regulation


*Allosteric enzymes, regulated by cycle products and inputs

Other sources besides carbohydrates


*Fats – stored as triglycerides



*glycerol



*fatty acids oxidatively degraded into 2-C units to enter as Acetyl CoA


*Proteins – not usually used as energy



Proteolysis



Deamination – urea 
Electron Transport

*Coenzymes oxidized


Reduced form of oxygen?

*ETS – electron carriers


Flavoproteins


Iron-sulfur proteins


Cytochromes


Copper-containing cytochromes


Coenzyme Q



Membrane proteins – electron acceptors only, heme group



CoQ – electrons and protons, mobile in nonpolar part of membrane


*Reduction potential – respiratory complexes



Cytochrome c oxidase – cyanide 


*Proton pumping – 10 out for NADH (4, 4, 2) and 3 to generate ATP



3ATP/NADH, 2/FAD



*animation

*ATP synthesis


Electrochemical gradient; mechanical energy; chemical energy


*Conformational changes to the proteins result in ATP production (binding change model)

*Overall Rx for ETS

*For Cellular Respiration

