7th Grade Science Notes

Fermentation 
Cellular Respiration:

· Cellular respiration is the process by which both plant AND animal cells release the chemical energy stored in the glucose molecule.  It is often thought of as the reverse of photosynthesis.
· Breathing in and out is often referred to as “respiration” and it is connected to, though not the same as, cellular respiration.  Breathing provides the oxygen needed for cellular respiration to occur.
· Plants are autotrophs and produce their own glucose to be used in the respiration reaction.  Animal are heterotrophs, meaning that they cannot produce their own food and need to get their glucose from a plant OR a plant eating animal.  

· The energy molecule formed in both plants and animals is called ATP (adenosine triphosphate)

· Cellular respiration occurs in 2 stages:
1. Cytoplasm stage - glucose is broken down into smaller molecules (pyruvic acid) producing a small amount of energy (ATP).  This is called “glycolysis”.
2. Mitochondria stage - these smaller molecules are combined with oxygen to produce CO2 and H2O and a great deal of energy (ATP) is produced.
The reaction for cellular respiration:




C6H12O6   +    6O2   

              6CO2   +   6H2O   +   energy (ATP)
Fermentation:

· Fermentation is the breakdown of glucose for energy that does not involve oxygen at all.  It can occur in bacteria cells that live in an environment that does not have oxygen or it can occur yeast cells that do not need oxygen if there is enough glucose available.  It does not produce very much energy and the reaction has different products.

· There are 2 kinds of fermentation: alcoholic and lactice acid fermentation.

· Alcoholic fermentation is used to make beer, wine and bread.  This reaction produces alcohol and carbon dioxide.

· Lactic acid fermentation occurs in our bodies during intense exercise.  The muscle cells require more energy than can be provided by regular respiration.  No matter how fast you breathe, you aren’t taking in enough oxygen for your muscle cells.  So respiration occurs without oxygen and produces lactic acid as a product.  Lactic acid builds up in your muscles and makes them sore and weak.

· Lactobacillus is a bacteria that undergoes lactic acid fermentation to make yogurt.  The sour taste of yogurt is due to lactic acid.


Reaction for alcoholic fermentation:




C6H12O6  

      2C2H5OH  +  2CO2  + a little energy (ATP)


Cellular Respiration and Fermentation

Here’s a song about cellular respiration.

	Glycolysis:

There are two important ways a cell can harvest energy from food: fermentation and cellular respiration. Both start with the same first step: the process of glycolysis which is the breakdown or splitting of glucose (6 carbons) into two 3-carbon molecules called pyruvic acid. The energy from other sugars, such as fructose, is also harvested using this process. Glycolysis is probably the oldest known way of producing ATP. There is evidence that the process of glycolysis predates the existence of O2 in the Earth’s atmosphere and organelles in cells: 

· Glycolysis does not need oxygen as part of any of its chemical reactions. It serves as a first step in a variety of both aerobic and anaerobic energy-harvesting reactions. 

· Glycolysis happens in the cytoplasm of cells, not in some specialized organelle. 

· Glycolysis is the one metabolic pathway found in all living organisms. 
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	+ 4 H+ + energy stored in 2 ATP molecules
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Fermentation:

	In fermentation these pyruvic acid molecules are turned into some “waste” product, and a little bit of energy (only two ATP molecules per molecule of glucose – actually four are produced in glycolysis, but two are used up) is produced. Out of many possible types of fermentation processes, two of the most common types are lactic acid fermentation and alcohol fermentation. 
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	Pyruvic Acid + 2 H+
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	Lactic Acid
	 
	Ethanol
and
Carbon Dioxide


Lactic acid fermentation is done by some fungi, some bacteria like the Lactobacillus acidophilus. in yogurt, and sometimes by our muscles. Normally our muscles do cellular respiration like the rest of our bodies, using O2 supplied by our lungs and blood. However, under greater exertion when the oxygen supplied by the lungs and blood system can’t get there fast enough to keep up with the muscles’ needs, our muscles can switch over and do lactic acid fermentation. In the process of lactic acid fermentation, the 3-carbon pyruvic acid molecules are turned into lactic acid. It is the presence of lactic acid in yogurt that gives it its sour taste, and it is the presence of lactic acid in our muscles “the morning after” that makes them so sore. Once our muscles form lactic acid, they can’t do anything else with it, so until it is gradually washed away by the blood stream and carried to the liver (which is able to get rid of it), our over-exerted muscles feel stiff and sore even if they haven’t been physically injured. 

Alcohol fermentation is done by yeast and some kinds of bacteria. The “waste” products of this process are ethanol and carbon dioxide (CO2). Humans have long taken advantage of this process in making bread, beer, and wine. In bread making, it is the CO2 which forms and is trapped between the gluten (a long protein in wheat) molecules that causes the bread to rise, and the ethanol (often abbreviated as EtOH – do you remember how to draw it?) evaporating that gives it its wonderful smell while baking. The effects of the ethanol in beer and wine are something with which many college students are familiar (sometimes too familiar?), and it is the CO2 produced by the process of fermentation that makes these beverages effervescent. 

	

	
	· 
	


Cellular Respiration:
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	An analogy can be drawn between the process of cellular respiration in our cells and a car. The mitochondria are the engines of our cells where sugar is burned for fuel and the exhaust is CO2 and H2O. Note that in a car that burned fuel perfectly, the only exhaust should theoretically be CO2 and H2O also. 

There are three steps in the process of cellular respiration: glycolysis, the Krebs cycle, and the electron transport chain. 


	In contrast to fermentation, in the process of cellular respiration, the pyruvic acid molecules are broken down completely to CO2 and more energy released. Note that three molecules of O2 must react with each molecule of pyruvic acid to form the three carbon dioxide molecules, and three molecules of water are also formed to “use up” the hydrogen’s. As mentioned above, in glycolysis, a total of four molecules of ATP are produced, but two are used up in other steps in the process. Additional ATP is produced during the Krebs Cycle and the Electron Transport Chain, resulting in a grand total of 40 ATP molecules produced from the breakdown of one molecule of glucose via cellular respiration. Since two of those are used up during glycolysis, in prokaryotes a net total of 38 molecules of ATP are produced by cellular respiration. Most prokaryotes have very simple cells which lack several types of organelles present in eukaryotes, and therefore the Krebs Cycle and the Electron Transport Chain occur in the cytoplasm and/or using chemicals embedded in the cell membrane. In contrast, eukaryotes have more complex cells with more specialized organelles to perform given functions. In eukaryotes, the Krebs Cycle and Electron Transport Chain occur within the mitochondria, and thus the pyruvic acid resulting from glycolysis must be sent into the mitochondria for these reactions to occur. However, to move one molecule of pyruvic acid (remember each molecule of glucose turns into two pyruvic acid molecules) from the cytoplasm into a mitochondrion “costs” the cell one molecule of ATP (therefore two ATPs for a whole glucose), thus a net total of 36 ATP molecules per molecule of glucose is produced in eukaryotes as compared to only two in fermentation. The overall reaction for cellular respiration is C6H12O6 + 6O2 [image: image13.png]


 6CO2 + 6H2O (+ energy for the cell to use for other things). 
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	Pyruvic Acid + 2 H+

	
	
	+ 3 O2
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	3 Carbon Dioxide

	
	
	+ 3 H2O
+ 34 ATP


Released into the atmosphere by breathing.





Used by the cells to grow and reproduce.





Used by the cells or released by osmosis and excretion.





Absorbed from the atmosphere by breathing.





Produced in plants by photosynthesis or eaten by animals as food.





“fizz” in beer and champagne or rising in bread dough





Glucose





Ethanol (beer and wine)








