Aerobic Respiration and the Mitochondrion
· Anaerobes, which utilize energy by oxygen-independent metabolism, populated the early Earth
· Oxygen accumulated after cyanobacteria, aerobes evolved to use oxygen to harness energy from organic molecules
 
· Mitochondria
. Size and number reflect energy requirements of cell
. Can fuse with one another (fusion), or split in two (fission)
. Structure of mitochondria
3. Inner and out membrane enclose the matrix and intermembrane space
1. Matrix contains circular DNA molecule, ribosomes, and enzymes
1. RNA and proteins synthesized in the matrix
3. Inner mitochondrial membrane subdivided into the inner boundary membrane and cristae
2. Cristae contains machinery for ATP production
3. Outer mitochondrial membrane permeable to some proteins
3.  Contains porin
3. Inner mitochondrial membrane impermeable to even small molecules
4. Contains cardiolipin in eukaryotes, cardiolipin and cholesterol in bacteria
 
· Oxidative Metabolism in the Mitochondrion
. Glycolysis generates pyruvate and NADH, occurs in the cytosol
. Pyruvate is transported across the inner membrane of the mitochondrion and decarboxylated to form acetyl CoA
. Acetyl CoA enters the tricarboxylic acid cycle
3. Central metabolic pathway of cell
3. Cycle oxidizes substrate and harnesses its energy
3. 2 carbon acetyl group + 4 carbon oxaloacetate = 6 carbon citrate
3. Four reactions transfer 2 electrons to either NAD+ or FAD+
3. NADH and FADH2 are the main products, preformed NADH enters mitochondrion via malate-aspartate or glycerol phosphate shuttles
 
· Roles of Reduced Coenzymes
. Protons are pumped across the inner membrane as electrons move through the electron transport
. ATP is formed by the movement of protons back across the  ATP synthase embedded in the membrane
. Chemiosmosis is the coupling of proton translocation and ATP synthesis
. 3 molecules of ATP from 2 electrons donated by NADH
. 2 molecules of ATP from 2 electrons donated by FADH2
 
· Aerobic and Anaerobic Exercise
. Fast twitch muscle fibers
1. Contract rapidly, produce ATP anaerobically
1. Fewer ATP, faster production
1. Builds up lactic acid as waste, reduces cellular pH
. Slow twitch muscle fibers
2. Contract slowly, produce ATP aerobically
2. More ATP, slower production
2. Initially uses glucose as fuel source, then oxidizes fatty acids during prolonged exercise
. Ratio of fast to slow twitch fibers depends on muscle type and function
 
· Role of Mitochondria in ATP Formation
. ATP can be formed through substrate-level phosphorylation or oxidative phosphorylation
. Strong oxidizing agents have high electron affinity, strong reducing agents have low electron affinity
. Redox reactions are accompanied by decrease in free energy, transfer of electrons causes charge separation that can be measured as redox potential
. Electron Transport
4. Electrons associated with NADH or FADH2  move through inner membrane via carriers of sub sequentially decreasing redox potential, electron transport chain
. Electron Carriers
	Flavoprotein
	Polypeptides bound to FAD or FMN

	Cytochrome
	Heme groups bearing Fe or Cu metal ions

	Copper atoms
	Cu2+ or Cu3+ located within a single protein complex

	Ubiquinone
	AKA Coenzyme Q; Lipid soluble molecule made of five-carbon isoprenoid units


 
· Iron-sulfur proteins contain Fe in association with inorganic sulfur
· Arranged in order of increasing redox potential
· Electrons are transferred depending on potential difference between the two redox centers
· Rate of transfer depends of protein catalytic activities
· Electrons may travel considerable distances
· Probably flow through tunneling pathways consisting of covalent and hydrogen bonds formed between amino acid residues
 
· Electron Transport Complexes
	Complex 1; NADH Dehydrogenase
	Catalyzes electron transfer from NADH to ubiquinone
	Transports 4 H+ per pair

	Complex 2; Succinate Dehydrogenase
	Catalyzes electron transfer from succinate to FAD to ubiquinone
	No H+ transfer

	Complex 3; Cytochrome bc1
	Catalyzes electron transfer from ubiquinone to cytochrome c
	Transport 4 H+ per pair

	Complex 4; Cytochrome c oxidase 
	Catalyzes electron transfer to O2
	Transports H+ across the inner membrane


 
· Cytochrome oxidase adds 4 electrons to O2 to form 2 molecules of H2O
· Energy released by O2 reduction drives conformational changes
· Changes promote H+ movement through the protein
· Metabolic poisons ( CO, N3-, CN-) bind catalytic sites in Complex 4
 
· Machinery for ATP Formation
· Coupling factors F0 and F1, make up ATP synthase
· Ionic gradient establishes a proton-motive force to phosphorylate ADP
· F1 is the catalytic subunit, with three catalytic sites for ATP synthesis
· F0 is the base that conducts protons through a channel from the intermembrane space to the matrix
· ATP synthase has 10-14 subunits in the c ring, depending on the source of the enzyme
· C-subunits form a ring around the F0 base, bound to the gamma subunit
· Protons move through the membrane and rotate the ring, providing the twisting force that drives ATP
· Binding Change Mechanism states that
. Movement of protons through ATP synthase alters the binding affinity of the active site
. Each active site goes through distinct conformations  that have different affinities for substrates and product
. There is a structural basis of catalytic site conformation
3. 6 alpha and beta subunits around an asymmetric gamma subunit
· Binding sites on the catalytic subunit can be tight, loose, or open
· Catalysis Cycle
	Step 1
	Movement of protons through the membrane induces loose conformation
	L

	Step 2
	Movement of additional protons induces substrate affinity to increase, causing them to bind tightly to the catalytic site
	T

	Step 3
	Tightly bound ADP and Po condense to form tightly bound ATP
	T

	Step 4
	Movement of additional protons lowers affinity for ATP to allow product to be released
	O

	 
	ATP dissociates, catalytic site is available for substrate binding, and cycle is repeated
	 


 
· Peroxisomes
· Membrane bound vesicles that contain oxidative enzymes
· Oxidize fatty acid chains, synthesize plasmalogens
· Form by splitting from organelles, import preformed proteins, and engage in oxidative metabolism
· Hydrogen peroxide is formed in peroxisomes, and with other toxic substances, broken down by the enzyme catalase 
· Patients with Zellweger syndrome lack peroxisomal enzymes due to defects in protein translocation from the cytoplasm to the peroxisome
· Adrenoleukodystrophy is caused by lack of peroxisomal enzyme
· Leads to fatty acid accumulation in the brain and destruction of the myelin sheath
 
· Abnormal Peroxisomal Function
· Variety of disorders stem from mitochondrial abnormalities, most commonly mutations in mtDNA
· Mitochondrial disorders are inherited maternally
· Accumulations of mutations in mtDNA is thought to me a cause of aging
 
 

