Chapter 9 – Cellular Respiration:  Harvesting Chemical Energy


This picture is key in understanding energy flow and chemical cycling in ecosystems

http://media.pearsoncmg.com/bc/bc_campbell_biology_7/media/interactivemedia/activities/load.html?9&A
9.1  Catabolic Pathways yield energy by oxidizing organic fuels

· fermentation – partial degradation of sugars that occurs without the use of oxygen

· cellular respiration – oxygen is consumed as a reactant along with the organic fuel

· In eukaryotes – MITOCHONDRIA

	Organic 
compounds
	 + 
	Oxygen
	 → 
	Carbon 
dioxide
	 + 
	Water
	 + 
	Energy


· carbs, fats and proteins all processed as fuel – easiest to look at sugar (what cells most often use)

· C6H12O6 + 6 O2 → 6 CO2 + 6 H2O + Energy (ATP + heat)

· breakdown is exergonic – free energy change of -686 kcal/mol

Redox Reactions

· the transfer of one or more electrons from one reactant to another. 

· oxidation – reduction reactions = redox

· oxidation – loss of electrons from one substance

· reduction – addition of electrons to another substance

· always happen together (one give and one receives)

· reducing agent – electron donor

· oxidizing agent – electron acceptor
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· respiration is the oxidation of glucose and other molecules in food

· oxygen is the reducing agent

· energy is released (harnessed as ATP)

Stepwise energy harvest

· it is not efficient to release all the energy at one

· glucose is broken down in a series of steps (catalyzed by enzymes)

· electrons are stripped from glucose

· each electron travels with a proton (as a hydrogen atom)

· hydrogen atoms passed to NAD+ (a coenzyme)

· This makes NAD+ an electron acceptor

Enzymes called dehydrogenases remove a pair of hydrogen atoms (two electrons and two protons) from the substrate (a sugar, for example), thereby oxidizing it. The enzyme delivers the two electrons along with one proton to its coenzyme, NAD+ (Figure 9.4).The other proton is released as a hydrogen ion (H+) into the surrounding solution:

· respiration uses an electron transport chain to break the fall of elections to oxygen in to several energy-releasing steps

· proteins help to do this

· electrons are shuttled by NADH to the top of the chain.  these electrons are transferred to a series of proteins each at a lower energy level. 

· oxygen captures the electrons along with hydrogen nuclei to form water

Stages of Cellular Respiration

1.  Glycolysis

2.  Citric Acid Cycle (Krebs)

3.  Oxidative phosphorylation: electron transport chain and chemiosmosis

Carefully read this section – we will discuss.  

note – some ATP if formed via substrate-level phosphorylation

http://media.pearsoncmg.com/bc/bc_campbell_biology_7/media/interactivemedia/activities/load.html?9&B
9.2  Glycolysis harvests chemical energy by oxidizing glucose to pyruvate

· 6 carbon glucose is split into tow three-carbon sugars

· 10 steps divided into two phases

· energy investment

· energy payoff

Read figure 9.9 – we will discuss http://media.pearsoncmg.com/bc/bc_campbell_biology_7/media/interactivemedia/activities/load.html?9&C
9.3  The citric acid cycle complete the energy-yielding oxidation of organic molecules

· pyruvate is converted to acetyl coenzyme A

· three steps ---see fig 9.10

· krebs/citric acid/tricarboxylic acid cycle

· generates 1 ATP per turn – 2 turns per glucose

· most energy is transferred to NAD+ and FAD making them NADH and FADH2

· these send their electrons to the etc

· see fig 9.11 and 9.12

· http://media.pearsoncmg.com/bc/bc_campbell_biology_7/media/interactivemedia/activities/load.html?9&D
9.4  During oxidative phosphorylation, chemiosmosis couples electron transport to ATP synthesis

· ETC – complex of mostly protein existing in multiprotein complexes numbered I to IV

· electron carriers alternate between reduced and oxidized  states as they accept and donate electrons

· cytochromes – have a heme group

· the last cytochrome of the chain passes its electrons to oxygen which is very electronegative.  each oxygen atom also picks up a pair of hydrogen ions from the aqueous solution – forming water
chemiosmosis

· ATP synthase – enzyme that actually makes ATP from ADP and inorganic phosphate

· like an ion pumping in reverse

· energy stored in a hydrogen ion gradient across a membrane in used to drive cellular work such as the synthesis of ATP – chemiosmosis

· see figure 9.15

An accounting of ATP production by Cellular Respiration

See figure 9.16

+2  - Glycolysis

+2  - citric acid cycle

+ about 32 or 34  - oxidative phosphorylation

total = about 36 or 38 ATP per glucose molecule

http://media.pearsoncmg.com/bc/bc_campbell_biology_7/media/interactivemedia/activities/load.html?9&E
9.5  Fermentation enables some cells to produce ATP without the use of oxygen

For you to know – you will read – we will discuss

aerobic vs anaerobic 

alcohol fermentation

lactic acid fermentation

compare fermentation with cellular respiration

why is glycolysis significant in evolution?
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9.6 Glycolysis and the citric acid cycle connect to many other metabolic pathways

see figure 9.19and 9.20

