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Lesson 5

1. Write the formula for cell respiration.  Why is energy harvested in many small steps instead of one or two large ones?  Hint:  think of the second law of thermodynamics. 
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Energy is harvested in small steps in order to provide continuos source of energy and heat.  This continuos source of energy is controlled by our nervous system.  The second law of thermodynamics states that nothing in the universe is created or lost, just transferred.  It takes many small steps to transfer energy.  Some of the energy and heat that is produced is used to maintaining the body while more is used to provide voluntary activities. 

2. Construct a chart to compare and contrast the two methods of forming ATP.  What are the benefits of each?


Involves the cell membrane
Transfers a phosphate group
Percentage of ATP generation






Chemiosmosis
Yes
No
Most

Substrate-level phosphorylation
No
Yes
Small

Substrate-level phosphorylation is a energy-releasing stage that extracts electrons from food molecules while breaking these molecules down to CO2, NAD+ and FAD temporarily capture the electrons and relay them to the top of the electron transport chain.

Chemiosmosis uses the downhill flow of electrons from NADH and FADH2 to O2 to pump H+ ions across a membrane. Chemiosmosis would not be able to operate without substrate-level phosphorylation therefore depends on it for functioning.    

3. Write out two different redox reactions in cell respiration.  Indicate which molecules have been oxidized and which have been reduced.

Hydrogen carriers such as NAD+ shuttle electrons from the substrate-level phosphorylation stage to the chemiosmosis stage.  This movement of electrons from one molecule to another is a redox reaction.  During the substrate-level phosphorylation stage the glucose molecule loses electrons which is called oxidization.  The electrons which are carried by NADH and FADH2 molecules to the chemiosmosis stage is called reduction.  (Reduction is the process of gaining; this does not make sense.  Only in Chemistry and Biology does the English language allow someone to make the same word mean exactly the opposite.)
4. Cell respiration has three parts:  glycolysis, the Krebs cycle, and the electron transport chain.  Tell where in the cell each is found, the molecule(s) that enter each, the molecules at the end of each, and the number of ATPs harvested from each.

Glycolysis is found in cytoplasmic fluid, outside the mitochondria, this stage is started with one glucose module and outputs 4 ATPs, 2 NADH, 2 H2O and 2 Pyruvic acid which gives off 2 NADH and 2 Acetyl CoA when it enters the mitochondria.  This process uses 2 Phosphate group molecules and 2 ATPs to fuel the process, therefore it's net ATPs are 2.

Two Acetyl CoA molecules enter the Krebs cycle inside the mitochondria.  For each Acetyl CoA the Krebs cycle outputs CoA, 2 CO2, 1 ATP and 3 NADH and 1 FADH2 

Ten NADH and two FADH2 carry the electrons to the electron transport chain inside the mitochondria.  This process produces about 34 ATPs per each glucose module.

5. Poisons often work at the cellular level.  Choose rotenone, cyanide, or carbon monoxide and explain how they kill.

Rotenone blocks the electron transport chain.  It binds tightly with one of the electron carrier molecules in the 1st protein complex, preventing electrons from passing to the next carrier molecule.  By blocking the electron transport chain near its start it prevents ATP synthesis.  It literally starves an organism's cells of energy.

6. What are NAD and FAD?  How do their roles differ?  Which is found in greater amounts?

NAD (nicotinamide adenine dinucleotide) is a co-enzyme, it's an organic molecule that cells make from the vitamin niacin.  NAD is found at a ratio of 8 to 2 in the Krebs cycle with FAD representing 2.  FAD (flavin adenine dinucleotide) is also a hydrogen carrier like NAD.  Both NAD & FAD+ shuttles electrons to the electron transport chain in their reduced form NADH & FADH2.  Each NADH transfers a pair of high-energy electrons from a food molecule to the electron transport chain contributing enough to the mitochondrion's H+ gradient to generate 3 ATP.  Each FADH2 molecule yields 2 ATP.  The different roles is the amount of ATP they contribute.

7. Explain why the wine maker was so upset when his son lifted the lids on the vats of fermenting grapes.  Why do most wines have an alcoholic content no greater than 12%?

The production of beer and wine requires yeast to be grown anaerobically versus aerobically.  Yeast thrives in anaerobic environments where there is plenty of glucose to keep glycolysis operating.  Whe the son opened, the lid to the vat of fermenting grapes it provided oxygen.  If oxygen is available, the organism will always use the more efficient process-aerobic respiration.   Yeast releases their alcohol waste to their surroundings but die if the alcohol becomes too concentrated.

8. We know that venison that comes from a deer that is shot before it can run is more tender and not as strongly flavored as venison from a deer that has been run to exhaustion.  Explain why.

The reason for exhaustion is a lack of oxygen to the cells in the body.  A lack of oxygen causes the fat cells to start to release cellular fuel.  Fat cells contain many hydrogen atoms.  The cell first hydrolyzes fats to glycerol & fatty acids.  At the point of exhaustion these fatty acids are prominent in the body making it strongly flavored.

9. Fill in the blanks on this review of cell respiration.  See Figure 6.14.  You should be able to apply these terms to a diagram.

10. We inhale (A) O2 to be utilized by this organelle in each cell (B) lungs.  The first stage in the breakdown of glucose (give chemical formula) (C) C6H12O6  is called (D) Glycolysis and takes place in the (E) cytoplasmic fluid of every cell.  The end result is two molecules of (F) NADH and a gain of (G) 2 ATPs.  The two molecules that enter the mitochondria are called (H) Acetyl CoA; these can be used for biosynthesis or energy production.  For each molecule of glucose, the Krebs cycle makes (I) 2 turns, stripping off (J) CO2, which is exhaled and (K) 2 ATPs.  The two electron carriers are (L) NADH and (M) FADH2.  The final electron acceptor is (N) O2, which is reduced to form (O) H2O and produces (P) about 34 ATPs.
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