College Biology – Honors

Chapter 9

Cellular Respiration is the Biochemical Pathway that allows a cell to extract the energy stored in a glucose molecule.  That is very different from what most consider respiration to be; and that is breathing air….That’s sometimes called external respiration, which will be studied the end of the school year.  This chapter will be devoted to understanding the operations of internal respiration or cellular respiration. (which has nothing to do with telecommunication).

Glucose   +   Oxygen        (    Carbon Dioxide      +    Water   +   Energy

C6H12O6    +      6O2            (              6CO2              +     6H2O    +    ATP

C6H12O6    +     6O2 + ADP + P   (     6CO2              +     6H2O    +    ATP

Where does respiration take place within the cell? (hint – it’s an organelle)____________________

OK, Let’s start with Glycolysis. That is the breakdown of glucose ( C6H12O6) into 2 pyruvic acid molecules (3-carbon molecule).  That operation costs the cell 2ATP’s, but yields 4ATP’s. Not much, but we’ll take it!  Glycolysis also energizes 4e-, which are passed to a carrier molecule (polyatomic ion) called NAD+ which is Nicotinamide Adenine Dinucleotide.   2 NAD+  get reduced (electrons added) and become 2 NADH.  These NADH’s are now carrying energy, which will be used in other pathways like fermentation or the Kreb’s cycle.

Fermentation-sound familiar?  This chemical pathway is used to process many foods and some illegal for you drinks (like beer and wine).  Fermentation occurs when oxygen is not present.  There are 2 kinds of Fermentation.  One yields Lactic Acid  (occurs in animal cells).  The other yields Ethyl Alcohol and CO2 (occurs in plant cells).  Each type of Fermentation begins with pyruvic acid (from Glycolysis) and NADH  and yields their respective product and NAD+ .

                                                                                                 Lactic Acid Fermentation
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    “you can be a big  pig too”                                                                  Alcoholic Fermentation

When organisms undergo Cellular Respiration without oxygen, as in Fermentation, that is referred to as Anaerobic Respiration.  When Cellular Respiration occurs in the presence of oxygen, that’s referred to as Aerobic Respiration. So we find two types of Cellular Respiration: one with O2 and one without O2.  Anaerobic Respiration produces only 2ATP’s.  Aerobic Respiration produces 18 times as much ATP; 36ATP to be exact.  Aerobic Respiration uses 2 chemical pathways: Krebs Cycle, discovered by Hans Krebs, and an electron transport chain.  This should be familiar to you after your encounter with Photosynthesis. (Calvin Cycle and the electron transport chain) 

Krebs Cycle

After Glycolysis, which occurs in the cytoplasm, Pyruvic acid (3-carbons) moves into the mitochondria. Pyruvic Acid has a Carbon broken off to make CO2.  The 2 carbons left react with CoA (coenzyme A) to form acetyl CoA.  Acetyl CoA with 2- carbons, adds another 4 carbons(start) to make citric acid (6- carbons). Citric Acid breaks down to a 5-carbon molecule, which is broken down to a 4-carbon molecule, which is converted to a different 4-carbon molecule(finish), which is the same type of 4-carbon molecule that was added to acetyl CoA when the cycle started.  I know this is complicated and confusing, so let’s get to the bottom line.  Each Pyruvic Acid molecule that enters the mitochondria to begin cellular respiration starting with the Krebs Cycle yields:

· 1 ATP – when the 5-carbon compound is converted to a 4-carbon compound.

· 3 CO2  molecules (see page 227)

· 4 NADH (reduced from NAD+) carrying 2 high energy electrons

· 1 FADH2 – Flavine Adenine Dinucleotide (reduced from FAD),also carrying 2 high energy electrons

Don’t forget that each glucose molecule is broken down to 2 Pyruvic Acids.  So double the above totals.  Altogether a glucose molecule can yield 4ATP, 6CO2, 10NADH, and 2FADH2.   Each FADH2 yields 2ATP’s, and each NADH, carrying 2 high energy electrons can produce 3ATP’s ( for a grand total of 38 ATP,s ) 

Electron transport

The electron transport chain moves high energy electrons from NADH or FADH2. These electrons combine with available H+ ions and Oxygen to make water. 

                        4H+     +     4e-    +    O2        (    2H2O

After the water molecules are formed there is a difference in concentration on both sides of the inner membrane of the mitochondria. See page 228.  H+ ions move thru a protein, ATP synthase, which spins and joins a P group to ADP to form ATP.  

Okay, Let’s add it all up.
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· Why are we always breathing?

· Why do we breathe harder and faster with increased physical activity?

· Where does all the carbon dioxide generated by Cellular Respiration go?

· What would happen to animals if they produced ethyl alcohol instead of lactic acid during anaerobic respiration?

· Why is it important to breath during sustained exercise like running, biking, and weightlifting?

· Why do you get tired or fatigued after exercise?

· Why do your muscles get sore after strenuous exercise?

Did you notice that the products of Photosynthesis are the raw materials for Cellular Respiration?…..  And the products of Cellular Respiration are the raw materials for Photosynthesis?…..Hmmm, Interesting!

Please check out figure 9-10 page 232.

