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	Effect of Temperature on Respiration 




 [Taken, with minor modifications, from Redding, K. & Masterman, D. (2007), Biology with Vernier, Vernier Software & Technology, Beaverton, OR 97005-2886, USA.  

ISBN 978-1-929075-43-0.  Aspects of this protocol can be downloaded at http://www.vernier.com/files/sample_labs/BWV-16A-COMP-temperature_respiration.pdf]. 
Temperature changes have profound effects upon living things. Enzyme-catalysed reactions are especially sensitive to small changes in temperature. Because of this, the metabolism of poikilotherms, organisms whose internal body temperature is determined by their surroundings, is often determined by the surrounding temperature. Bakers who use yeast in their bread making are very aware of this. Yeast is used to leaven bread (make it rise). Yeast leavens bread by fermenting sugar, producing carbon dioxide, CO2, as a waste product. Some of the carbon dioxide is trapped by the dough and forms small “air” pockets that make the bread light. If the yeast is not warmed properly, it will not be of much use as a leavening agent; the yeast cells will metabolise sugar much too slowly. In this experiment, you will watch yeast cells respire at different temperatures and measure their rates of respiration. Each team will be assigned three temperatures by your teacher and will share their results with other class members.

You will observe the yeast under aerobic conditions and monitor the change in concentration of carbon dioxide released by the yeast. When yeasts metabolise sugar under anaerobic conditions, ethanol and carbon dioxide are released in a process called fermentation. When yeasts metabolise sugar under aerobic conditions, water and carbon dioxide are released in a process known as oxidative respiration. Thus, the metabolic activity of yeast may be measured by monitoring the concentration of carbon dioxide produced during a specific period of time.

Objectives

In this experiment, you will:
· Use a CO2 Gas Sensor to measure the concentration of carbon dioxide produced during respiration.

· Determine the rate of respiration of yeast at different temperatures.

MATERIALS

	· computer
	· disposable pipettes

	· Go!Link
	· hot and cold water

	· Logger Lite software
	· yeast suspension

	· Vernier CO2 gas sensor
	· thermometer

	· 250 cm3 respiration chamber
· 5% sugar solution
· water bath
	· beaker (3 x 600 cm3)
· test tubes (three, 1 x 10 cm)


PROCEDURE

All solutions have been kept in the water bath for at least 10 minutes to come up to the correct temperature.

1.
Obtain three test-tubes and label them according to the temperatures you were assigned.

2.
Place 2 cm3 of sugar solution in each test tube.

3.
Obtain the yeast suspension. Gently swirl the yeast suspension to mix the yeast that settles to the bottom. Put 2 cm3 of yeast into each of the test tubes. Gently swirl each test tube to mix the yeast into the solution. 

4.
Set one test tube in each of the water baths. 
5.
Set the carbon dioxide sensor to the Low (0–10,000 ppm) setting. Connect the CO2 sensor to the Go!Link interface and connect to the computer.  
6. 
When incubation is finished, use a pipette to place 1 cm3 of the sugar/yeast solution from the first assigned temperature into the 250 cm3 respiration chamber. Note the temperature of the water bath when you transfer the yeast and record the temperature in Table 1.


7.
Quickly place the shaft of the CO2 Gas Sensor in the opening of the respiration chamber. 


8.
Hold the respiration chamber down in the water bath during data collection. Begin measuring carbon dioxide concentration by clicking [image: image2.png]


.


9.
Data collection will end after 4 minutes. Remove the CO2 sensor from the respiration chamber.

10.
When data collection has finished, determine the rate of respiration:
· Move the mouse pointer to the point where the data values begin to increase. Hold down the left mouse button. Drag the pointer to the point where the data ceases to rise and release the mouse button.

· From the ‘Analyze’ menu select ‘Linear Fit’ to perform a linear regression. A floating box will appear with the formula for a best fit line.

· Record the slope of the line, m, as the rate of respiration in Table 1.

11.
Move your data to a stored run. To do this, choose ‘Store Latest Run’ from the ‘Experiment’ menu.
12.
Fill the respiration chamber with water and then empty it. Make sure that all yeast has been removed from the chamber. Thoroughly dry the inside with a paper towel. 


13.
Use a notebook or notepad to fan air across the openings in the probe shaft of the CO2 gas sensor for 1 minute. 


14.
Repeat Steps 6-13 for the other two assigned temperatures.

DATA
	Table 1

	Temperature tested
(°C)
	Respiration rate
(ppm min-1)

	
	

	
	

	
	

	
	

	
	

	Table 2: Class Averages

	Temperature 
(°C)
	Respiration rate
(ppm min-1)

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	


PROCESSING THE DATA

1.
Share your data with the class by recording on the board the temperatures you tested and the rate of respiration you calculated for each.

2.
Using the class data, calculate the average for each temperature range and record in Table 2.

3.
Create a graph of the rate of respiration vs. temperature using the class data in Table 2. The respiration rate values should be plotted on the y-axis, and the temperature values plotted on the x-axis.
QUESTIONS

1.
On the basis of the results of this experiment, does temperature affect the rate of respiration of yeast? Explain.

2.
Is there an optimal temperature for yeast respiration? How does this compare to the temperature of yeast as bread “rises”? You may have to consult a cookbook to answer this.

3.
What happened to the respiration rate in the 40–50oC range? What is the reason for this? 

4.
It is sometimes said that the metabolism of poikilotherms doubles with every 10°C increase in temperature. Does your data support this statement? Explain.

5.
Do yeasts always live in conditions where their consumption of energy is optimal? Explain.

6.
Yeasts live in many different environments. Make a list of some locations where yeasts might naturally grow. Estimate the temperatures of each of these locations and compare them to your results.

