Mr. Galloway 
Biology 10th 
Ch 7 NOTES: Cellular Respiration


7.1 Glycolysis and Fermentation     7.2 Aerobic Respiration



7.1 Glycolysis and Fermentation

Photosynthesis and Cellular Respiration are Opposite reactions, but NOT reverse.
* Remember, the final products of plant photosynthesis (sugar and oxygen) are used by animals for the process called cellular respiration.  The products of respiration are carbon dioxide and water, which plants need for photosynthesis.

* The respiration equation =
C6H12O6 
+
6O2
     →

6CO2 
   +
6H2O
  +   energy

* Since photosynthesis and respiration are opposite processes, they form a cycle that keeps the levels of oxygen and carbon dioxide fairly constant in the atmosphere.

Cellular Respiration = process in which cells make ATP by breaking down organic compounds.  Glucose is the common example of a compound broken down in respiration, but many other kinds of organic compounds can also be broken down (oxidized).

Glycolysis = the initial biochemical pathway of respiration, which yields a small amount of ATP, by oxidizing glucose into pyruvic acid.  Enzymes catalyze the process as in all pathways.


* There are four main steps of glycolysis.


* Then, after glycolysis has occurred, two further pathways can follow it:
1. Anaerobic Pathways (no oxygen present) (No additional ATP produced)
(Also called fermentation pathways.)
2. Aerobic Pathways (oxygen present) (Lots of additional ATP produced)



First, the Four Steps of Glycolysis, which oxidize glucose to pyruvic acid:

1. Two phosphate groups are attached to glucose, forming a new six-carbon compound.

 
   (The phosphates come from two ATP’s, which are converted to ADP’s.)


2. The six-carbon compound is split into two PGAL’s.


3. These PGAL’s are oxidized, becoming two new three-carbon compounds.
  
  (Each  oxidized PGAL receives a phosphate due to the reduction of NAD+ to NADH)
    
* Remember, NAD+ is reduced when it accepts electrons.


4. The phosphate groups added in Steps 1 & 3 are removed, which produces two pyruvic acids.
    
 * Each of the four phosphate groups combines with an ADP to form an ATP.
    
 * So, four ATP’s are produced, minus two ATP’s used in Step 1.

    
 * Glycolysis has a net yield of 2 ATP’s for every glucose converted to pyruvic acid.

Fermentation =  a combination of glycolysis plus additional pathways that are anaerobic (without oxygen).  The additional processes do not produce additional ATP.  

* There are many fermentation pathways which utilize the pyruvic acid from glycolysis.

* Two common fermentation pathways are lactic acid and alcoholic.

Lactic Acid Fermentation:


* An enzyme reduces pyruvic acid into lactic acid (another 3-carbon compound).

* Also, NADH is oxidized to NAD+

* The resulting NAD+ is used in glycolysis, to keep glycolysis going.

* Lactic Acid Fermentation is used to make yogurt and cheese.

* Also it occurs in very hard exercise.


- If muscles use oxygen faster than it can be delivered by the lungs, then they 


switch to anaerobic respiration.


- The lactic acid builds up in the muscle cell’s cytosol.
-  This reduces the muscles efficiency causing fatigue, pain, & cramps.

Alcoholic Fermentation:


* Yeast in the making of bread, wine, and beer making use this process.

* Pyruvic acid is reduced into ethyl alcohol.

* Also, NADH is oxidized to NAD+

* The resulting NAD+ is used in glycolysis, to keep glycolysis going.

* Sparkling wines (champagne) have the CO2 retained in the mixture (carbonated).

* Bread rises due to the production of CO2 bubbles.

Anaerobic Energy Yield (efficiency):


* Kilocalorie (kcal) = 1,000 calories (cal)

* To determine efficiency, compare total energy available in glucose with the amount of 
energy contained in the ATP produced by the anaerobic pathways.


- Total oxidation of glucose releases 686 kcal.


- Forming ATP stores about 12 kcal.


- Glycolysis makes two ATP’s for every glucose, so = 24 kcal


- So, 24 divided by 686 = 3.5 % efficiency (very poor)

* Anaerobic pathways provide enough energy for many small creatures today.

* Larger creatures require much more energy, and must use aerobic respiration.

7.2 Aerobic Respiration 


Aerobic Respiration = cellular respiration that requires oxygen.

* Produces 20 times more ATP than glycolysis alone.

* Two major stages:


1. Krebs Cycle – oxidation of glucose is completed, producing NADH.


2. Electron Transport Chain – NADH is used to make most of the ATP


In Prokaryotes – aerobic respiration occurs in the cytosol.

In Eukaryotes (humans, etc.) – it occurs in the mitochondria.

Before Krebs starts, pyruvic acid from glycolysis diffuses into the the mitochondria.

It then reacts with coenzyme A to form acetyl coenzyme A (acetyl CoA).


The Krebs Cycle = first stage of aerobic respiration in the mitochondrial matrix.

* Mitochondrial Matrix = space inside the inner membrane

* Krebs breaks down acetyl CoA, producing CO2, H atoms, & 2 ATP.

* Five Main Steps:


1. Acety CoA combines with oxaloacetic acid to produce citric acid.


2. Citric Acid releases a CO2molecule to form a five-carbon compound.


3. The five-carbon compound releases a CO2to form a 4-C compound.


4. The 4-C compound is converted into a new 4-C compound.


5. The new 4-C is converted back into oxaloacetic acid.


* Remember, glycolysis produces 2 pyruvic acid molecules from each glucose.
  
 Each pyruvic acid becomes an acetyl CoA, and each drives one turn of Krebs.

So, each glucose causes two turn of the Krebs Cycle.
  
 Each turn of the Krebs Cycle produces 4 CO2, 2 ATP, 6 NADH, and 2 FADH2 
  
* CO2 is a waste product, and only 2 ATP are produced, just as in glycolysis.

Electron Transport Chain = the second stage of aerobic respiration.

* The chain lines the inner membrane folds (cristae).

* Most of the ATP is produced during this stage.

* Electrons in the H atoms of NADH and FADH2 are passed along a series of molecules. 

* The energy they lose is used to pump protons of the H atoms into the space between the 
inner and outer mitochondrial membrane.

* This high concentration gradient of protons drives the synthesis of ATP by 
chemiosmosis using ATP synthase (just as in photosynthesis).

* As the protons return (flow) through ATP synthase, they release energy to make ATP.

* Oxygen is the final acceptor of the electrons, along with protons to form water.



- Without oxygen to “unload” the electrons, the chain reaction would stop!



Energy Yield of Aerobic Respiration – 

* One glucose can generate up to 38 ATP molecules.

* 38 x 12 kcal divided by 686 kcal = 66 % efficiency.

* About 20 times more efficient than glycolysis alone.

* Also, a car engine is only about 25 % efficient.
GLOSSARY – Chapter 7 Cellular Respirtation
acetyl coenzyme A (acetyl CoA) the compound that reacts with oxaloacetic acid in the first step of the Krebs cycle (134)

aerobic respiration the process in which cells make ATP by breaking down organic compounds, with oxygen as the final electron acceptor (133)

alcoholic fermentation the process by which pyruvic acid is converted to ethyl alcohol; the anaerobic action of yeast on sugars (129)

anaerobic pathway fermentation pathways that operate in the absence of oxygen (128)

cellular respiration the process in which cells make ATP by breaking down organic compounds (127)

citric acid a six-carbon compound formed in the Krebs cycle (134)

electron transport chain molecules in the thylakoid membrane of inner mitochondrial membrane that uses some of the energy in electrons to pump protons across the membrane (128)

endosymbiosis a mutually beneficial relationship between one organism and another that lives within it; the hypothesis of endosymbiosis relating to the evolution of eukaryotes that holds that chloroplasts and mitochondria evolved from endosymbiotic bacteria (132)

FAD flavin adenine dinucleotide; a compound that accepts electrons during redox reactions (134)

fermentation a process in which cells make a limited amount of ATP by converting glucose into another organic compound, such as lactic acid or ethyl alcohol, in the absence of oxygen (129)

glycolysis a pathway in which glucose is oxidized to pyruvic acid (127)

kilocalorie a unit of energy equal to 1,000 calories; the amount of heat needed to raise the temperature of 1 kg of water by 1C (130)

Krebs cycle a series of biochemical reactions that release carbon dioxide and result in the formation of ATP (133)

lactic acid fermentation the process by which pyruvic acid is converted to lactic acid (129)

mitochondrial matrix the space inside the inner membrane of a mitochondrion (133)

NAD+ nicotinamide adenine dinucleotide; an organic molecule that accepts electrons during redox reactions (127)

oxaloacetic acid a four-carbon compound that combines with acetyl CoA in the Krebs cycle to produce citric acid (134)

pyruvic acid a three-carbon molecule that is the end product of glycolysis (128)6
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