Ch. 7 Cellular Metabolism

7.1 Aerobic Cellular Respiration

cellular respiration
- breakdown of carbohydrates & other metabolites to build up ATP




- aerobic pathways require O2 

- results in breakdown of metabolites to CO2 and H2O

overall equation
- glucose, a high-energy molecule, leads to low-energy products 

   CO2 and H2O


- exergonic with release of energy



C6H12O6      +      6O2      (      6CO2      +      6H2O

                         glucose            oxygen        carbon dioxide     water



             oxidation

                                                                          reduction

oxidation reduction
- hydrogen and partner electron (H++e-) are removed from glucose 

   (oxidation) 

- hydrogen and partner electron (H++e-) are received by O2 

   (reduction)


- O2 is reduced to H2O

ATP


- build up of ATP is an endergonic reaction that require energy






usable energy + P + ADP ( ATP




- metabolism of 1 glucose supplies the energy for the build up of 

   36-38 ATP





- most energy (~60%) is lost as heat

(moore’s aerobic respiration pic)
pathways

- respiration in stages improves efficiency (minimizes heat lost) in 

   energy changes




- outside mitochondria (in the cytoplasm)





- glycolysis




- inside mitochondria





- transition reaction





- Krebs cycle





- electron transport system (ETS)




(moore’s cell and mitochondrion pic)




(FIG. 7.2)

7.2 Outside the Mitochondria: Glycolysis

glycolysis

- reactions in the cytoplasm breakdown glucose (glyco = sugar; 

   lysis = break) to 2 pyruvate molecules


- same for aerobic or anaerobic as glycolysis does not 

   involve O2
- 2 ATP are used to activate glucose by phosphorylation





- 6-C glucose breaks down to 2 3-C PGAL




- series of reactions converts each 3-C PGAL to a 3-C pyruvate 

   (pyruvic acid)

- oxidation of metabolites results in 2 NADH2 molecules




- energy is release to allow 4 ATP to form but 2 are used up




- net gain of 2 ATP is only 2% of total energy in glucose

	One Molecule of Glucose Yields:

	2 pyruvate

2 ATP (energy storage)

2 NADH2 (energy carriers





- in aerobes, pyruvate diffuses into the mitochondria

(moore’s glycolysis pic) 

7.3 Inside the Mitochondria

mitochondria
- double membranes separated by inter-membrane space



- folds of the inner membrane called cristae extend inwards



- increase surface area



- electron transport system takes place 


- interior gel-like matrix contains DNA and ribosomes



- Krebs sycle and transition (intermediate) transition occurs


- “powerhouse” of cell


(FIG. 7.5)

breathing and 
- O2 & glucose enter the body and produce glycolysis & pyruvate

eating
- these products enter mitochondria to be breakdown



- pyruvate turns to CO2 and H2O to produce ATP


- CO2 & ATP diffuse out to cytoplasm &ATP is use for energy 


   required processes


- CO2 diffuse to blood stream and to lungs to be exchanged


- H2O can be in the mitochondria, cell, or enter blood to be 


   excreted by kidneys

transition
- connects glycolysis with Kreb cycle

(intermediate)
- each pyruvate is oxidized to an acetyl group in mitochondrion

reaction
   matrix 


- each acetyl group is joined to  coenzyme A to form acetyl-CoA

	Two Molecules of Pyruvate Yield:

	2 acetyl-CoA (Krebs cycle)

2 NADH2 (ETS)

2 CO2 (a metabolic waste)



(moore’s transition reaction pic)

Krebs cycle
- series of reactions in the mitochondrion matrix





- cyclical metabolic pathway



- captures more energy from glucose breakdown products



- cycle begins and ends with citrate (also known as citric 



   acid cycle)


- each 2-C acetyl-CoA joins with 4-C oxaloacetate to form 6-C 


   citrate

- oxidation where NAD+ and FAD accept electrons

- NAD+ becomes NADH2 and FAD becomes FADH2
- 2 carbons of acetyl group come off as CO2 


- 9 more intermediate reactions for every cycle


- acetyl group results from transition reaction undergoes oxidation 


   by removal of H atoms as 2 CO2 molecules are given off


- 2 cycles for each glucose molecules

	Two Molecules of Acetyl-CoA Yield:

	2 ATP (cell)

6 NADH2 (ETS)

2 FADH2 (ETS)

4 CO2 



(moore’s Krebs cycle pic)

electron transport 
- high-energy electrons from NADH2 and FADH2 pass to a chain

system (ETS)
   of electron carriers in the cristae


- also known as cytochrome system or respiration chain

	ETS Electron Carriers:

	NADH reductase (dehydrogenase)

coenzyme Q

cytochrome b

cytochrome c

cytochrome oxidase (cytochrome a) 



- first carrier NADH reductase is reduced by a pair of electrons 


   from NADH2



- NADH2 itself oxidized to NAD+

- NADH reductase is oxidized and passes 2 electrons to coenzyme 


   Q which is reduced



- each carrier in turn becomes reduced and then oxidized


- energy released as electrons move down the ETS is used to drive 


   a chemiosmotic process of ATP formation


- high energy electrons in, low energy electrons out 


- ATP production sometimes called oxidative phosphorylation  

oxygen
- at the end of the chain, an enzyme forms H2O by combining 


   electrons, H+ ions and O2



- essential for retrieving energy from NADH2 and FADH2 


  
  electron carriers


- the final acceptor of electrons in the ETS


(moore’s staircase pic)

chemiosmotic
- ETS energy pumps H+ ion across cristae membrane



- most pumps are Fe-protein pigments or cytochromes


- inter-membrane reservoir of H+ creates an electrochemical 


   gradient (“chemi-”)


- H+ diffuse back (“-osmotic”) through a channel protein ATP 


   synthase complex


- electrochemical energy of H+ flow in the synthase complex 


   attaches P to ADP to form ATP


(moore’s cristae pic)


- cytochromes are membrane proteins that contain a hemo group 

   similar to that in hemoglobin. Fe in tie center is the electron 

   transporter by oxidation and reduction:




Fe3 + (oxidation) + e- (( Fe2 + (reduced)


- coenzyme Q is the only non-protein electron carrier
energy yield
- each NADH2 formed inside mitochondria (Krebs Cycle) provide 


   energy for 3 ATP


- FADH2 provides energy for 2 ATP


- NADH2 formed outside mitochondria (glycolysis) provide energy 


   for 2 or 3 ATP



- NADH2 cannot cross membrane



- shuttle molecule delivers electrons to either NAD+ (3 



   ATP) or FAD (2 ATP)

efficiency
- energy from glucose



= 686 kcal


- 36 ATP~P = 36 X 7.3 kcal


= 263 kcal


- efficiency = 263/686



= 38%

	
	Direct
	By Electron Transport
	Total

	glycoysis
	2 ATP
	2 NADH2 ( 4-6 ATP
	6-8 ATP

	intermediate reaction
	
	2 NADH2 ( 6 ATP
	6 ATP

	Kreb cycle
	2 ATP
	6 NADH2 ( 18 ATP

2 FADH2 ( 4 ATP
	20 ATP

4 ATP

	
	
	
	36-28 ATP



(Fig 7.9)

7.4 Metabolic Pool and Biosynthesis
metabolism
- one type of molecule can be converted to another


- catabolism: degradative reactions breaks molecules (exergonic)

- anabolism: synthetic reactions join molecules (endogonic)

- catabolism runs anabolism


- catabolism results in an ATP that used by anabolism

fat metabolism
- energy of catabolism about twice that of glucose of protein


- only parts of triglycerides are oxidized



- glycerol into PGAL in glycolysis

- fatty acids into acetic acid fragments to form acetyl CoA in Krebs cycle

lipogenesis
- glycerol and fatty acids recombine in anabolism into triglycerides and stored



- PGAL is reversible to glycerol



- fatty acid synthesis begins with acetyl CoA

ketogensesis
- during carbohydrate deficit, Krebs cycle oxaloacetic acid converts to glucose (to feed the brain) instead of picking up acetyl CoA

- excess acetyl CoA is converted by the liver into ketone bodies leading to acidosis (acetone breath)

dietary protein
- newly ingested amino acids replace deteriorated body proteins

- excess dietary amino acids are oxidized for energy or converted to fat

amino acid
- occurs in the liver in stages

- keto acid is modified to metabolites pyruvic acid and acetyl CoA and less trequently to ketoglutaric acid

protein synthesis
- “nonessential”(you can make) amino acids not obtained in the diet can be reformed from Kreb cycle ketoglutraic acid

 (FIG. 7.10)
7.5 Fermentation
fermentation
- consists of glycolysis plus reduction of pyruvate to either lactate 

   or alcohol and CO2 


- pathway operates anaerobically


- anaerobic bacteria (produce lactate) to help manufacture cheese


- provide a rapid burst of ATP 


- muscle cells carry more fermentation than the others

- glycolysis does not require oxygen



- yields 2 NADH2, 2ATP, 2 pyruvate


- ATP formed by glycolysis alone requires NADH2 to regenerate NAD+



-NADH2 transfer electrons to organic molecules instead of oxygen


- anaerobic (no oxygen) fate of pyruvate is either of 2 fermentation pathways



- lactic acid fermentation (muscles)



- alcohol fermentation (yeast cells)
lactate
- toxic to cells 

- blood carries away all the lactate formed in muscles



- lactate begins to build up



- changed pH and tract


- our bodies are in oxygen debt when we stand still


- when lactate is transported to the liver we are recovered


- 14.6 kcal is the two ATP produced per glucose molecule


- efficiency for fermentation is only 14.6/686 or 21%
- pyruvic acid (pyruvate) accumulating from glycolysis is converted to lactic acid

- regenerates NAD+ so glycolysis can continue forming ATP

- source of rapid burst of ATP when exercising and limited oxygen

pyruvic acid + NADH2 ( lactic acid + NAD+
