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Cell Respiration – AP Lab #5
Overview: (fill in blanks and answer questions)
In the first part of this experiment, you will work with seeds that are living but

. A seed contains an embryo plant and a food supply surrounded by a seed coat. When the necessary conditions are met, germination (def:







) occurs, and the rate of cellular respiration in the embryo contained in the seed 


 because 












. 

Write the reaction for cell respiration below:

How does the growing embryo get oxygen?

Where does it get the glucose for cell respiration?

Nongerminating Peas can be made to start germinating by 



.  How can you measure changes in rates of cell respiration between a non-germinating pea and a germinating pea seed?

1.


 ( How many moles of 


in cellular respiration?)

2. 


 ( How many moles of 



by cellular respiration?)

3. Release of energy during cellular respiration.

What are some fctors that can increase/decrease the rate of respiration and why?

In this experiment you will measure 




during germination as an indicator of the rate of cell respiration. We will express the reults as


.You will measure the change in gas volume in respirometers containing either germinating or non-germinating pea seeds.  After completing part 1, you will repeat the experiment to measure the rate of respiration in crickets!

In addition, you will measure the rate of respiration of these peas at three different temperatures.

Objectives: (read this)
Before doing this laboratory you should understand:
· how a respirometer works in terms of the gas laws; and 

· the general processes of metabolism in living organisms. 

After doing this laboratory you should be able to:

· calculate the rate of cell respiration from experimental data. 

· relate gas production to respiration rate; and 

· test the effect of temperature on the rate of cell respiration in nongerminated versus germinated seeds in a controlled experiment. 

Background Information:





Reason for this setup and predicted results: (wait - complete with teacher in class)

READ- A number of physical laws relating to gases are important to the understanding of how the apparatus that you will use in this exercise works. The laws are summarized in the general gas law that states:                  PV = nRT
Where P is the pressure of the gas,

V is the volume of the gas,

n is the number of molecules of gas,

R is the gas constant ( its value is fixed), and

T is the temperature of the gas (in K0).

This law implies the following important concepts about gases:

1. If temperature and pressure are kept constant, then the volume of the gas is directly proportional to the number of molecules of gas.

2. If the temperature and volume remain constant, then the pressure of the gas is directly proportional to the number of molecules of gas present.

3. If the number of gas molecules and the temperature remain constant, then the pressure is inversely proportional to the volume.

4. If the temperature changes and the number of gas molecules is kept constant, then either pressure or volume ( or both ) will change in direct proportion to the temperature.

It is also important to remember that gases and fluids flow from regions of high pressure to regions of low pressure.

In this experiment, the CO2 produced during cellular respiration will be removed by potassium hydroxide (KOH) and will form solid potassium carbonate (K2CO3) according to the following reaction.

CO2 + 2 KOH ----> K2CO3 + H2O
Lets review the cell respiration equation – write it here AGAIN!

Since the carbon dioxide is being removed, the change in the volume of gas in the respirometer will be directly related to the





. 

In the experimental apparatus if water temperature and volume remain constant, the water will move toward the region of lower pressure. During respiration, oxygen will be consumed. Its volume will be reduced, because the carbon dioxide produced is being converted to a solid. The net result is a decrease in gas volume within the tube, and a related decrease in pressure in the tube. 

The vial with glass beads alone will permit detection of any changes in volume due to atmospheric pressure changes or temperature changes. The amount of oxygen consumed will be measured over a period of time. Six respirometers should be set up as follows: (Table 1)

	Respirometer
	Temperature
	Contents

	1
	Room
	Germinating seeds

	2
	Room
	Dry Seeds and Beads

	3
	Room
	Beads

	4
	100C/400C
	Germinating Seeds

	5
	100C/400C
	Dry Seeds and Beans

	6
	100C/400C
	Beads


Procedure:
Respirometers 1,2,3 are one set – they will be placed at 25oc and you will REUSE these for the second set - Respirometers 4,5, and 6 will be placed at 10oc/400C.  You will assigned one of these altered temperatures.
GOAL: Compare respiration in 20 germinating peas with 20 nongerminating dry peas and 20 glass beads.  BUT, their volumes are different!  So first part of procedure is all about getting their volumes equalized so they take up the same space in th vial – that means the amoung of space in the vial for OXYGEN will be the same.

VOLUME EQUALIZATION BETWEEN EXPERIMENTAL AND CONTROL SETUPS:

1. Estimating the density of nongerminating (dry) peas: Weigh 100 nongerminting peas (class set) using an electronic scale.

Weight of 100 nongerminating peas =                 gms

Take a 100 ml glass measuring  cylinder. Add 50 mL water to it. Record the volume in the cylinder. Place the 100 nongerminating peas in the cylinder. 

Volume of water in cylinder after adding peas = 

mL.  This is the volume of the non germinating peas.

Therefore density of nongerminating peas = 

(mass/volume)
2. Take 20 germinating peas and place on a paper towel.  Fill your first blue capped conical tube to the 20 mL mark with tap water ACCURATELY.  Add the germinating peas to the tube and record the FINAL volume below:
Volume of germinating peas = (
FINAL VOL  
mL – 20 mL ) = 

mL

3. Fill the second blue capped conical tube to the 20 mL mark.  Add the glass beads (one of your controls) to the tube until the volume in this tube is equl to the FINAL volume in the germinating pea tube in step 2:
Volume of glass beads = 
(FINAL VOL 
mL – 20 mL) = 


mL (this should be the same as in step 2! If not, you are NOT thinking/reading).

NOW REMOVE the germinating pes and glass beads and place on a paper towels separately.  You will lead them into the respirometers later.
4. Use the calculated density of the non-germinating, dry ones –and figure out the mass of (dry peas+beads) you need to amount to the same volume as germinating peas.
Known density = 


(from step 1)
Desired volume = 
   (as calculated in step 2)
     Therefore, the mass of the (dry peas+beads) needs to be = 

gms (volume x density)

5. Count 20 nongerminating seeds and place on a weighing boat and record weight. Add glass beads to the dry germinating peas until you record the total mass as in step 4 above (this way the volume in the dry peas vial and germinating peas vial will be the same).
20 dry nongerminating peas weight = 


; 

Number of beads group added to get to step 3 weight = 



SETTING UP RESPIROMETERS:

7.  To assemble Respirometers, obtain 3 glass vials for EACH run at a particular temperature, each with an attached stopper and pipette. Number the vials 1 through 3. Place a small wad of absorbent cotton (read label) in the bottom of each vial and, using a dropper, saturate the cotton with 15% KOH (potassium hydroxide; corrosive – wear goggles, gloves). This means the cotton ball needs to just appear wet.  It is important that the same amount of KOH and cotton be used for each respirometer.  DO NOT GET KOH on the sides of the glass vial – your Respirometer.
8.  Place a small wad of dry, nonabsorbent cotton on top of the saturated cotton.

9. Place the contents on the paper towels labeled from 1 – 3 in the correct Respirometers over the cotton. Check Table 1 if you have questions about what to place in them.  Insert the stopper with the calibrated pipette. Seal the set-up with Parafilm – very, very important to get a good seal.  Place a weighted collar on each end of the vial. Several washers around the pipette make good weights.

10.  Prepare the room-temperature bath (approx. 25 degrees Celsius) 

11.  Make a sling of masking tape attached to each side of the water baths (see picture). This will hold the ends of the pipettes out of the water during an equilibration period of 7 minutes. 
12.  Place Respirometer glass vials 1,2,3 in room temp. bath very, very gently.  Let the pipettes rest on top of the sling. Rest for 7 min.

13.  After 7 min, put all three vial set-ups entirely into the water. A little water should enter the pipettes and then stop. If the water continues to enter the pipette, check for leaks in the respirometer. Look for a small bubble that should be on the top end of your pipette.  Finding the bubble is the most crucial part of this setup!  You have 3 min. to find the bubbles.
RECORDING DATA AND MAINTAINING TEMP: 

14. After you have allowed the Respirometers to equilibrate for these 3 minutes in step 13, record the initial position of the water in each pipette to the nearest 0.01mL (time 0). Check the temperature in the bath and record.  Record the water level in the pipettes every 2 minutes for 14 minutes.  Student monitoring temperature should keep the water baths at the desired temp through out the 14 min. of recording ‘bubble postion’. Bubble position indicates volume of oxygen consumed by peas.
15.  After completing SETUP 1 data recording, reuse the setup for the cold/warm temperature recordings and repeat procedure at set temperature.  These same vials are now ‘renamed’ as vials  4, 5  and 6 and they should be in 10 degree (ice)/40 degree (heating pad)  bath.  One student will regulate temperature JUDICIOUSLY!


Table 2: Measurement of O2 Consumption by Soaked and Dry Pea Seeds at Room Temperature (250C) and 100C/400C Using Volumetric Methods.
	Temp
(oC) 
	Time
(min) 
	Beads Alone
	Germinating Peas
                  
	Dry Peas and beads

	 Room
	 
	Reading at time X
	Diff*
	Reading at time X
	Diff*
	Corrected Diff. ^
	Reading at time X
	Diff*
	Corrected Diff ^

	 
	Initial 0
	 
	 
	 
	 
	 
	 
	 
	 

	 
	0-2
	 
	 
	 
	 
	 
	 
	 
	 

	 
	2- 4
	 
	 
	 
	 
	 
	 
	 
	 

	 
	4 -6
	 
	 
	 
	 
	 
	 
	 
	 

	 
	6-8
	 
	 
	 
	 
	 
	 
	 
	 

	
	8-10
	
	
	
	
	
	
	
	

	
	10-12
	
	
	
	
	
	
	
	

	
	12-14
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	 
	Initial 0
	 
	 
	 
	 
	 
	 
	 
	 

	 
	0-2
	 
	 
	 
	 
	 
	 
	 
	 

	 
	2- 4
	 
	 
	 
	 
	 
	 
	 
	 

	 
	4 -6
	 
	 
	 
	 
	 
	 
	 
	 

	 
	6-8
	 
	 
	 
	 
	 
	 
	 
	 

	
	8-10
	
	
	
	
	
	
	
	

	
	10-12
	
	
	
	
	
	
	
	

	
	12-14
	
	
	
	
	
	
	
	


* Difference = ( initial reading at time 0) - ( reading at time X )
^ Corrected Difference = (Diff. for the pea seed) - ( bead Diff. at time X)
Design: Prelab

1. In this investigation, you are investigating both the effect of germination versus non-germination and warm temperature versus cold temperature on respiration rate. Write 2 hypotheses statements for this activity.
2. This activity uses a number of controls. Identify at least three of the controls, and describe the purpose of each control.
3. Graph the results from the corrected difference column for the germinating peas and dry peas at both room temperature and 100C.
a. What is the independent variable? ____________________________________________________

b. What is the dependent variable? ______________________________________________________

Analysis of Results:
1. Describe and explain the relationship between the amount of oxygen consumed and time.  Why is it important to measure the movement of the bubble in this experiment (what does it tell you about respiration of peas?)
2. Why is it necessary to correct the readings from the peas with the readings from the beads in Table 2?
3. What is the purpose of KOH in this experiment?
4. Why did the vial have to be completely sealed around the stopper?

5.  From the slope of the four lines on the graph, determine the rate of oxygen consumption of germinating and dry peas during the experiments at room temperature and 100C/40c.  Recall that rate = Y/X.
Table 3
	Condition
	Show Calculations Here
	Rate in ml.O2 / min

	Germinating Peas (100C)
	
	

	Germinating peas  (Room Temperature)
	
	

	Dry peas (100C)
	
	

	Dry Peas  (Room Temperature)
	
	


6. a) Explain the effect of germination (versus non-germination) on peas seed respiration (use the data table 3 to support your explanation).

b) Explain the effect of temperature on germinating seeds (use the data table 3 to support your explanation).
7.  If there is an effect of temperature on respiration of germinating seeds, what is the real world connection to this phenomenon?  

8.  Also, you have worked with temperature changes in a lab before this one.  Using that experience, why do you think there is a difference in respiration between the room and cold temperature setups?

9. If you used the same experimental design to compare the rates of respiration of a 25 g. reptile and a 25 g. mammal, at 100C, what results would you expect?  Explain your reasoning.
10. If respiration in a small mammal were studied at both room temperature (210C) and 100C, what results would you predict? Explain your reasoning.
Problem:  Will temperature affect the rate of respiration for a cricket/meal worm?

Materials:  crickets, meal worm, test tubes (20 x 150 or larger), one-hole stopper with tubing attached, calibrated pipette, cotton, KOH, water baths

Procedure:

   1. Prepare a water bath at room temperature (20 -25 C) and record the temperature. Additional experiments will be conducted at 10 C/40 C. 

   2. Obtain two respirometers. Place a wad of cotton soaked in 15% potassium hydroxide in the bottom of each tube. Place a loose piece of dry cotton over the top of the soaked cotton so the crickets will not come in contact with the basic KOH solution. One respirometer will serve as a control, the others will be the variables.

   3. Select one cricket and place it in the experimental respirometer. (obtain the total mass of your cricket before doing this) Into each of the test tubes, insert the stopper fitted with the tubing and the pipette. Place a mass of paper wads approximately equal to the mass of the cricket in the control respirometer.

   4. Seal the test tube with parfilm.  Place the test tube portion of the apparatus into the water bath. If the test tube is completely submerged, be sure to check for leaks. Attach a masking tape to the tray and rest the pipette ends on it while the glass tubes are submerged in the water.  This allows the gas volumes to adjust to the water temperature for 5 minutes (this is called equilibration).

   5. Submerge the tip of the pipette under the surface of the water to trap a volume of air in the pipette. Wait 3 min.

   6. Readings are made by noting the movement of the water-air interface in the pipette.    Readings can be taken at 5-minute intervals.

   7. Repeat the experiment at the different temperatures. One table will be needed for each temperature. 

   8. Each volume reading should be corrected for any expansion or contraction of gases due to changes in the temperature of the air in the tubes. This is reflected by the movement of the air-water interface in the control tube. For example, if the gas in the control tube has contracted a total of 0.02 mL, then a total of 0.02 mL should be subtracted from the experimental reading. If the gas expanded, the volume would be to added to the experimental reading in order to obtain the true value of oxygen used during that time interval.

   9. Remember the rate of respiration for the crickets will be equal to their oxygen consumption divided by their body mass. 

Data Table 3 and 4:  Cricket rates of respiration

Mass Cricket (g):_______

Temperature Tested (C): _______

	Time
	0- 5 min
	5-10 min
	10-15 min
	15-20 min
	20-25 min
	25-30 min

	Control Volume (mL)
	
	
	
	
	
	

	Experimental Voume (mL)
	
	
	
	
	
	

	Adjusted volume (Exp. – Control)
	
	
	
	
	
	


    A) Total Change in Volume in 30 min - Experimental (ml):_______

    B) Total Change in Volume in 30 min - Control (ml):_______

    C) Volume of Oxygen Consumed by Cricket in 30 min (A-B) (ml):_______

    Respiration rate of cricket (C ml / g / 30min):_______

--------------------------------------------------------------------------

Mass Cricket (g):_______

Temperature Tested (C): _______

	Time
	0- 5 min
	5-10 min
	10-15 min
	15-20 min
	20-25 min
	25-30 min

	Control Volume (mL)
	
	
	
	
	
	

	Experimental Voume (mL)
	
	
	
	
	
	

	Adjusted volume (Exp. – Control)
	
	
	
	
	
	


    A) Total Change in Volume in 30 min - Experimental (ml):_______

    B) Total Change in Volume in 30 min - Control (ml):_______

    C) Volume of Oxygen Consumed by Cricket in 30 min (A-B) (ml):_______

    Respiration rate of cricket (C ml / g / 30min):_______

--------------------------------------------------------------------------

Graph Title: _____________________________________________________________________
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