Fermentation
Introduction

Fermentation is the process of partially oxidizing glucose under anaerobic conditions, which can also be referred to as anaerobic glycolysis.  In humans and many other animals, it is characterized by the production of lactate via the lactate dehydrogenase reaction.  This reaction reduces pyruvate to lactate, and oxidizeds NADH to regenerate NAD+, which is a substrate for glycolysis.  Thus, the LDH reaction is necessary to maintain ATP production when aerobic metabolism cannot keep up with demand.  Other organisms must also regenerate NAD+ during anaerobic conditions, and there are many pathways for doing this.  In yeast, two enzymes are needed to regenerate NAD+ from pyruvate (see Fig. 2), and this process leads to the production of CO2 and ethanol.  This is the reason that fermentation tanks bubble during beer or wine production, and also why bread is leavened during baking.  


Although the usual substrate for glycolysis is glucose, other sugars can also be used by glycolysis, provided they can be converted to a glycolytic intermediate.  In today’s lab you will analyze CO2 production by yeast in the presence of several sugars as a means of assessing how well they are fermented.  You can then use the data that you generate to ascertain which enzyme systems are present in high or low activity in yeast.   
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Figure 1. The dissacharides sucrose, lactose and maltose are hydrolyzed to monosaccharides by the enzymes sucrase, lactase and maltase.  The monosaccharides that are formed from these dissacharides, glucose, fructose and galactose may then be oxidized via glycolysis, provided they can be converted to a form that can be used by glycolysis (see Fig. 2).      
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Figure 2. The 10 reactions of glycolysis yield pyruvate, which in yeast can then be converted to CO2, ethanol and NAD+ by the enzymes pyruvate decarboxylase and alcohol dehydrogenase.  The function of these two enzymes is to regenerate NAD+ under anaerobic conditions so that glycolytic ATP production can continue (in humans, lactate dehydrogenase performs this role).  This is called fermentation.  Like glucose, galactose and fructose can be utilized by glycolysis if the appropriate enzymes are present to convert them to a glycolytic intermediate.    

Procedures
1. You will measure CO2 formation using 6 different sugars to determine which sugars are oxidized by glycolytic fermentation.  You will use the dissacharides sucrose, lactose and maltose and the monosaccharides glucose, fructose and galactose that are formed from these dissacharides.  To do this, mix 0.6 g of each sugar with 0.6 g of yeast in 30 ml of water (you will have 6 solutions).

2. Draw each solution into a 60 ml plastic syringe and eject any air in the syringe.

3. Seal the syringe with paraffin wax and the plastic syringe cap and place it in an incubator at 42-44( C.  
4. Measure the CO2 formation (in ml) for each mixture after 30-60 min.

Homework
1. Write your results on the board and write down the results from the other lab groups.

2. Calculate the mean and standard deviation for each sugar, and include both in a table, along with your own results, as shown below.

3. Which of the 3 dissacharides was fermented the fastest and which one was fermented the slowest?
4. Using your data and Figs. 1 and 2, determine which enzyme systems (sucrase, lactase, maltase, glucose to pyruvate, fructose to glycolytic intermediate, or galactose to glycolytic intermediate) account for the pattern in 3 above?  For instance, if you found low or no CO2 formation when using Sucrose as a substrate, is that due to low sucrase activity, low glucose conversion to pyruvate, or low fructose conversion to a glycolytic intermediate?       

	Sugar substrate
	CO2 formed (ml) from my group 
	CO2 formed (ml) all groups (mean ( standard deviation)

	Sucrose
	
	

	Lactose
	
	

	Maltose
	
	

	Glucose
	
	

	Fructose
	
	

	Galactose
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