SOUTH CAROLINA SUPPORT SYSTEM INSTRUCTIONAL GUIDE

	Content Area
	High School Biology 

	Recommended  Days of Instruction:  CP Biology -7 days/Applied Biology II – 17 days( 90 Minutes Sessions)

	Standard(s) addressed: B-3 The student will demonstrate an understanding of the flow of energy within and between living systems.

	Indicator:  Recognize the overall structure of adenosine triphosphate (ATP)—namely, adenine, the sugar ribose, and three phosphate groups—and summarize its function

	Unit V - Cellular Energy Module B-3.3

	Focus

Indicators
	Recommended Resources
	Suggested Instructional Strategies
	Assessment Guidelines

	B-3.3
Recognize the overall structure of adenosine triphosphate (ATP)—namely, adenine, the sugar ribose, and three phosphate groups—and summarize its function (including the ATP-ADP [adenosine diphosphate] cycle).

	HowStuffWorks Video-Simply Science:  ATP

http://videos.howstuffworks.com/hsw/19220-simply-science-atp-adenosine-triphosphate-video.htm
Energy in the Cell

http://www.glencoe.com/sec/science/biology/bio2000/pdfs/bdol9-1.pdf
Is ATP Worth the Investment?

http://www.learnnc.org/lp/media/uploads/2009/01/atpworksheet.pdf
HowStuffWorks Video-The Chemistry of Life:  ATP

http://videos.howstuffworks.com/hsw/8475-the-chemistry-of-life-atp-video.htm

	 This site has a 2.5 minute video that explains how cellular respiration produces ATP.
This activity can be used to review the structure and function of ATP.
This website contains a student activity handout that addresses the role of ATP and the investment of its energy expenditures.  This science lesson is integrated with concepts in business education.  Students will learn more about the return of investment as it relates to ATP.
This website has a 2.5 minute video that explains how ATP is formed and used and why this process is important to cells.
	The first objective of this indicator is to recognize the overall structure of the ATP molecule; therefore, the primary focus of assessment should be to remember the three parts of ATP (adenine, ribose, and three phosphate groups).
The second objective of this indicator is to summarize the function of ATP; therefore the primary focus of assessment should be to give major points about the function of an ATP molecule as a source of stored chemical energy for the cell, including the ATP-ADP cycle.


	Unit V - Cellular Energy Module B-3.3

	Focus

Indicators
	Recommended Resources
	Suggested Instructional Strategies
	Assessment Guidelines

	B-3.3
Recognize the overall structure of adenosine triphosphate (ATP)—namely, adenine, the sugar ribose, and three phosphate groups—and summarize its function (including the ATP-ADP [adenosine diphosphate] cycle).

	An ATP Energy Jar Demonstration

http://apcentral.collegeboard.com/apc/members/courses/teachers_corner/29736.html
ATP and Biological Energy

http://www.emc.maricopa.edu/faculty/farabee/biobk/BioBookATP.html
ATP: The Energy Currency of the Cell

http://student.ccbcmd.edu/~gkaiser/biotutorials/energy/atp.html
Elements of Biology: Matter and Energy: Organization in Living Systems

ATP: The Energy Currency

ETV Streamline SC


	This website provides a demonstration that teachers can use to show how ATP is formed.

This website gives information on the composition of ATP, the functions of the

ATP/ADP cycle, phosphorylation and the electron transport chain.
This simple website offers basic information on ATP plus two  animations- one illustrating the ADP-ATP cycle and the other illustrating how ATP provides energy for to the cell.
ATP is introduced as a molecule that stores energy. The ATP-ADP cycle and how energy is released and stored are explained briefly.  02:26 minutes

	Assessments should ensure that students understand the relevance of the process of breaking the high energy bonds in order to provide energy for cellular functions and how the ATP gets recycled through the ATP-ADP cycle.

In addition to recognize and summarize, assessments may require students to

· identify the components of ATP from diagrams;

· interpret diagrams and equations of the ATP-ADP cycle




	Unit V - Cellular Energy Module B-3.1

	Focus

Indicators
	Recommended Resources
	Suggested Instructional Strategies
	Assessment Guidelines

	B-3.1
Summarize the overall process by which photosynthesis converts solar energy into chemical energy and interpret the chemical equation for the process.

	How Stuff Works Video-The Science of Life:  Photosynthesis

http://videos.howstuffworks.com/hsw/12579-the-science-of-life-photosynthesis-video.htm
Lesson/Activity

Autumn leaf colors:  Why Do Leaves Change Color in the Fall?

http://www.sciencemadesimple.com/leaves.html
Elements of Biology: Matter and Energy: Organization in Living Systems: Photosynthesis

ETV Streamline SC


	This website contains  a video that explains the process of photosynthesis visually and through the use of  equations.
Activity 3.1-a

Examining the Relationship Between Photosynthesis and Cellular Respiration

      (applicable to B- 3.2 also)

This website contains information on photosynthesis and two labs using chromatography along with one demonstration  on the effects of sunlight on pigmentation.
The ultimate energy source is the sun. The terms autotroph and heterotroph are defined and both stages of photosynthesis are described briefly.
	The first objective of this indicator is to summarize the process by which photosynthesis converts solar energy into chemical energy; therefore, the primary focus of assessment should be to give major points about the process of photosynthesis, including light- dependent and light-independent/dark reactions.

The second objective of this indicator is to interpret the chemical equation for photosynthesis; therefore, the primary focus of assessment should be to represent the process of photosynthesis through the use of a chemical equation and its chemical symbols.


	Unit V - Cellular Energy Module B-3.1

	Focus

Indicators
	Recommended Resources
	Suggested Instructional Strategies
	Assessment Guidelines

	B-3.1
Summarize the overall process by which photosynthesis converts solar energy into chemical energy and interpret the chemical equation for the process.

	Lesson/Activity/Video

Photosynthesis

http://www.newtonsapple.tv/TeacherGuide.php?id=915
Photosynthesis Resources

http://www.brookings.k12.sd.us/biology/photosynthesis.htm#WORKSHEETS/HANDOUTS
Photosynthesis Quiz (Online)

http://www2.visalia.k12.ca.us/eldiamante/science/biology/taters/photosynthesis_mc.htm
Photosynthesis Quiz (Online)

Fill in the blank

http://www.sciencegeek.net/Biology/review/U2PhotoFillin.htm
Energy and the Chemistry of Life:
Dark Reactions of Photosynthesis

ETV Streamline SC  02:10
	This website contains a 10 minute video on the elements needed for plant growth (photosynthesis) and activities for students.

This website contains lesson plans from various teachers on photosynthesis. 

These two website maybe used as in class review or individual tutorial based on the lesson taught.
The light independent reactions of photosynthesis are discussed and the chemical equation for photosynthesis is presented. The importance of photosynthesis to life on earth is emphasized.


	In addition to summarize and interpret, assessments may require students to

· recognize the formulas for the components of the overall equation for photosynthesis

· recognize ATP, NADPH, and glucose as chemical compounds that store energy in their bonds;

· compare the energy transformations that occur in the dark reactions to those that occur in the light reactions




	Unit V - Cellular Energy Module B-3.2

	Focus

Indicators
	Recommended Resources
	Suggested Instructional Strategies
	Assessment Guidelines

	B-3.2
Summarize the

basic aerobic and 
anaerobic 

processes of 
cellular 

respiration and 

interpret the 
chemical

equation for 
cellular 

respiration.
	HowStuffWorks Video-The Science of Life:  

Cellular Respiration

http://videos.howstuffworks.com/hsw/12580-the-science-of-life-cellular-respiration-video.htm
Activity 3.2a Photosynthesis and Cellular Respiration

http://www.keystonecurriculum.org/2008middleschool/LESSONS/S_TerrestrialSequestration.doc
Cellular Respiration Concept Map

http://www.biologycorner.com/worksheets/conceptmap_cellresp.html
Energy and the Chemistry of Life:
Aerobic Cellular Respiration

ETV Streamline SC

5:35 minutes
Energy and the Chemistry of Life

ATP: The Energy Currency of Cells

ETV Streamline SC  07:15 minutes

	This website contains a 3 minute video that explains the process of cellular respiration using real life examples and equations.

Activity 3.2-a

Photosynthesis and Cellular Respiration Lab Activities (applicable to B-3.1 also)

This website contains a concept map that can be used as a class activity or an individual activity.
Glycolysis is discussed as the first step in respiration and the importance of mitochondria is emphasized. The citric acid cycle and electron transport chain are discussed and anaerobic respiration is mentioned briefly.

ATP is discussed as the molecule that allows energy to be stored and utilized by living things. The ATP-ADP cycle is also discussed as are the light dependent reactions of photosynthesis.


	The first objective of this indicator is to summarize the basic aerobic and anaerobic processes of cellular respiration; therefore, the primary focus of assessment should be to give major points about the process of cellular respiration, both aerobic and anaerobic.

The second objective of this indicator is to interpret the chemical equation for cellular respiration; therefore, the primary focus of assessment should be to represent the process of aerobic respiration through the use of a chemical equation and its chemical symbols.




	Unit V - Cellular Energy Module B-3.2

	Focus

Indicators
	Recommended Resources
	Suggested Instructional Strategies
	Assessment Guidelines

	B-3.2
Summarize the

basic aerobic and 
anaerobic 

processes of 
cellular 

respiration and 

interpret the 
chemical

equation for 
cellular 

respiration.
	Cellular Respiration Lesson Plan Activity Packet (w/online resources)

http://www.bscsd.org/teachers/kcalhoun/Documentspdf/cell%20resp%20packet%20inserts.pdf
Cellular Respiration (Summary Notes)

http://faculty.clintoncc.suny.edu/faculty/michael.gregory/files/bio%20101/bio%20101%20lectures/Cellular%20Respiration/cellular.htm
Elements of Biology: Matter and Energy: Organization in Living Systems

Glycolysis and Cellular Respiration

ETV Streamline SC


	This website contains information a teacher may use to plan a lesson on cellular respiration.
This website contains summary notes for cellular respiration.

Activity 3.2-b

Cellular Respiration Lab

Super Yeast

Activity 3.2-c  (Lab)

How does exercise affect cellular respiration?
A glucose molecule is broken in half to yield two ATP molecules. In aerobic respiration, the Krebs cycle and electron transport chain are discussed.
	In addition to summarize and interpret, assessments may require students to

· recognize the formulas for the components of the overall equation for cellular respiration;

· recognize glucose and ATP as chemical compounds that store energy in their bonds;

· explain why cellular respiration is critical to an organism

· compare aerobic and anaerobic respiration as processes that produce energy.




High School Biology

Unit V Cellular Energy
Activities for Indicators
3.3, 3.1, 3.2
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ACTIVITY B-3.1a - Examining the Relationship Between
Photosynthesis and Cellular Respiration

Question: How are photosynthesis and cellular respiration linked together in a cycle?

Introduction:

Think about and examine the following relationships.



Photosynthesis


A.  light  +  6CO2  +  6H2O   (   C6H12O6  +  6O2



Cellular respiration


B.  C6H12O6  +  6O2   (   6CO2  +  6H2O  + energy




BTB (bromothymol blue)


C.
blue or dark green (neutral or basic)  (  light green or yellow  (acidic)




BTB (bromothymol blue)

D.
light green or yellow  (acidic)  (  blue, dark green, or clear  (basic)

Pre-lab Discussion Questions:


1.  What gas does photosynthesis use?   - release?


2.  What are the requirements for photosynthesis?


3.  What gas does cellular respiration use?  - release?

Materials: 
· Elodea  (water plant) to produce O2
· H2O

· Bromothymol Blue (BTB)

· UV light (either natural sunlight or UV lamp)

· Something to produce CO2
Safety Precautions:


Take care when using electrical equipment.  Always use goggles and lab aprons in the lab.

Planning the Experiment:

1.
Review the pre-lab discussion questions and your notes on the similarities and differences between photosynthesis and cellular respiration.

2.
Review the list of materials above that you must use.  Have your group agree on a hypothesis that will test the question.  Record your hypothesis below.
3.
Decide what additional materials you will use in your investigation.  Record your list of materials below.
ACTIVITY B-3.1a cont. - Examining the Relationship Between
Photosynthesis and Cellular Respiration
Hypothesis:

Materials:
4.
Begin designing your experiment.  Answer the following questions about your experimental  design:


a.
What will be your controlled variable(s) in your experiment?

b.
What variable are you manipulating (changing)?  This will be the     


independent variable.

c.
What will be your responding/dependent variable? This variable will change in response to the independent variable.


d.
What kind of data will you gather? Quantitative (numbers) or qualitative (descriptive) ?

e.
How will you introduce CO2 into the water?


f.
How will you introduce O2 into the water?


g.
How will you trace these gases?
5.
Record your procedure below.  This should be a list of steps.  Include safety precautions. (You may use additional paper if needed.)

Procedures:


1.


2.


3.

    4.     

ACTIVITY B-3.1a cont. - Examining the Relationship Between
Photosynthesis and Cellular Respiration

List Safety Precautions:


_______________________________________________________________________________________________________________________________________________________________________________________

6.
Create a data table.  Make sure it is labeled.  

7.
Your teacher MUST approve your experimental design before you proceed.


8.
Carry out your experiment.

Gathering and Analyzing data:


1.
Record your group data in your data table.


2.
In the experiment that you designed, describe any color changes that occurred.


3.
Provide an explanation as to why the color changes took place.  What does this tell you about the use or release of CO2 and O2?


4.
What differences did you observe among the experimental and control groups?  How can you explain these differences?


5.
How does the data relate to the question that you were investigating?

Analyzing, Interpreting, and Synthesizing results:


1.
Was your hypothesis supported by your data?  Why or why not?  If not, suggest a new hypothesis.


2.
What conclusions can be drawn from the data collected in your experiment?


3.
What does the data tell you about the relationship between photosynthesis and cellular respiration?


4.
List several ways that your methods may have affected the outcome of the experiment.


5.
What questions did the results of your experiment raise?


6.
Discuss anything that could be done differently in the future.

ACTIVITY B-3.1a cont. - Examining the Relationship Between
Photosynthesis and Cellular Respiration

Lab Write-Up

Directions:  Use the following format for writing up your lab.  You may type or handwrite the report, but make sure you include the following:

Name _____________________________________Date ___________________
Title of Lab (formulate a title based on your purpose)

I.  Purpose:

II. Hypothesis:

III. Materials:  (make a list)

IV. Procedure:  (Devise a way to test your hypothesis.  Number the procedure step by step.)


1.


2.


3.


4.


5.


6.

V.  Results: (State your results using complete sentences.  Include table and graphs as appropriate.   You should have at least one table or graph, or possibly both.  Make sure all graphs/tables are labeled appropriately.)

VI. Conclusions:  In a paragraph, discuss the following:  

· Was your hypothesis supported or rejected?  How do you know?  Use your data/results to support you conclusion.

· Discuss any experimental errors.

· Discuss anything that could be done differently in the future.

· Based on your results, discuss any further questions/experiments that need to be addressed.  Explain.

ACTIVITY B-3.2a - Terrestrial Sequestration 
Photosynthesis and Cellular Respiration

Purpose: To define key terms and link plant cellular functions based on experimental data and observations.

Teacher Prep Sheet

Objectives: Students will …

· Observe the differences between photosynthesis and cellular respiration

· Observe the links due to climate changes

· Relate how climate change affects their lives

Materials (for each group):

· 6 test tubes

· 2 test tube racks

· 6 rubber stoppers

· 1 250ml beaker

· 150ml of phenol red

· plant leaves (aquatic plant –Elodea )

· CO2 generator (250 mL flask with rubber stopper and tubing)

· baking soda

· vinegar

· lamp

· micro spoon spatula

· 30 copies of Terrestrial Sequestration – Student Sheet

Procedures:

PREP

· Set up lab stations, enough to have no more than 4 students per group.

· Review background information.

· Make phenol red.

· Purchase Duckweed (available online or at local pet stores).

IN CLASS

· Explain to students that they will be investigating the carbon cycle as it relates to global climate change.

· Get students into groups of 3 or 4.

· Hand out Terrestrial Sequestration – Student Sheets.

· Review the background information.

· Review the student procedure and expectations.

· Circulate as students begin the lab.

· Students should continue to monitor the experiment, record data in the chart and answer the questions. When comparing the color in the test tube, place in front of a white background.

ACTIVITY B-3.2a cont. - Terrestrial Sequestration 
Photosynthesis and Cellular Respiration

Teacher Background Information

Photosynthesis is a biochemical process in which plants, algae, and some bacteria harness the energy of light to produce food.  Ultimately, nearly all living things depend on energy produced from photosynthesis for their nourishment, making it vital to life on Earth.  It is also responsible for producing the oxygen that is a large portion of the Earth’s atmosphere.

Cellular respiration allows organisms to use (release) the energy stored in glucose. The energy in glucose is first used to produce ATP.  Cells use ATP to supply their energy needs.  Cellular respiration is therefore a process in which the energy in glucose is transferred to ATP.

This Lab will use phenol red as an indicator to determine whether CO2 is being consumed or produced during this activity.  We know that plants perform photosynthesis in the presence of light.  They also perform cellular respiration.  To demonstrate this we will observe what happens in a light and dark environment as we add Elodea  to a test tube of acidic phenol red.  We will observe any changes in CO2 by using the ph indicator phenol red.  Phenol red is a yellow color at a pH 6.4 or lower and a red color at a pH of 8.2 or above.

Elodea  is an aquatic plant that will take up carbon dioxide from the water during photosynthesis, raising the pH level and release carbon dioxide into the water when respiring, lowering the pH.  When Elodea  is exposed to light it will begin photosynthesizing removing carbon dioxide from the solution.  Respiration of the plant is constant, since the plant always needs energy.  

One problem you’ll encounter when studying respiration in plants is that in the presence of sunlight they begin photosynthesis and this counteracts respiration.  One way to measure respiration is by placing the Elodea  in the dark.
ACTIVITY B-3.2a cont. - Terrestrial Sequestration 
Photosynthesis and Cellular Respiration
Student Sheet

Follow the steps below to successfully complete the lab.  
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Procedure:

· Place 3 test tubes in each test tube rack.
· Fill the third test tube in each test tube rack ¾ full from the 150ml of phenol red (this will be the constant), and put a rubber stopper on both test tubes.  

· Make a CO2 generator by filling the bottom of the 250ml flask with baking soda. Place the two-hole rubber stopper (containing the plastic tubes and rubber tubing) on the flask and slowing inject vinegar into the baking soda through the plastic tubing using a syringe. The long rubber tubing is placed in the beaker containing the remaining phenol red. CO2 will bubble through the solution turning the phenol red acidic. The color changes to orange-yellow.  (The more acidic the phenol red, the longer it will take the Elodea  plant to absorb the CO2). 

· Submerge a sprig of Elodea completely into the first test tube in both test tube racks.

· Fill the remaining 4 test tubes (including the ones with the Elodea ) ¾ full with the acidic phenol red solution that you just made using the CO2 generator. 

· Cover each test tube with a rubber stopper.

· Each test tube rack should have 3 test tubes. The first test tube should contain the Elodea  in the acidic phenol red, the second contains just acidic phenol red, and the third is phenol red (the constant).

· Place one test tube rack (containing the 3 test tubes) under the light source.
· Place the other test tube rack (containing the 3 test tubes) in the dark.
· All test tubes should be sealed with rubber stoppers, aluminum foil, or parafilm to reduce the reactions with the air.
· In approximately 60 minutes, you’ll notice a color change.

· Record the data on the chart and answer the question.

ACTIVITY B-3.2a cont. - Terrestrial Sequestration 
Photosynthesis and Cellular Respiration

Hypothesis:

Predict what will happen when you place the aquatic plant, Elodea  in acidic phenol red in a light and dark environment for a period of 60 minutes?

Complete the Table

	Phenol red with Elodea 
	Observations (color change)

	In the Dark


	

	In the Light


	


What did this experiment tell you about the role of plants in our environment?

ACTIVITY B 3.2b - Anaerobic Cellular Respiration

Fermentation Experiment
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Pre-lab Discussion






All cells require energy to maintain their complex structures.  The picture above is an illustration of unicellular yeast cells. Yeast belongs to Kingdom Fungi.  Baker’s yeast is found in your local supermarket in a dry form. When added to water they become active living and growing cells.  All cells use a specific type of energy molecule called Adenosine Tri- phosphate (ATP), which is produced through cellular respiration. Aerobic cellular respiration requires oxygen. Anaerobic respiration (Fermentation) does not require oxygen.   Both pathways convert glucose to ATP – but there are differences.
The equation for aerobic respiration is below:
C6H12O6  +  6O2  ----( 6CO2  +  6 H2O  +  36 ATP

In aerobic respiration (equation above) glucose is completely broken down to CO2 + H2O but during fermentation, it is only partially broken down. Much of the energy originally available in glucose remains in the products produced. Plant and fungal cells produce alcohol as a result of fermentation and animal cells produce lactic acid. 

The equation for fermentation is below:
C6H12O6 ----( 2CO2 +  2C2H5OH  +  2 ATP

Notice from the above equations that aerobic respiration produces much more ATP per glucose molecule than fermentation.
ACTIVITY B 3.2b cont. - Anaerobic Cellular Respiration

Fermentation Experiment
We will investigate fermentation by measuring the amount of carbon dioxide produced by yeast. The rate of cellular respiration is proportional to the amount of CO2 produced (see the equation for fermentation)

Part 1

Purpose: to measure the volume of CO2 produced by yeast cells. 

In this experiment, you will determine which type of sugar is the best source of food for yeast cells.  The best sugar will cause the fastest rate of cellular respiration which can be determined by the amount CO2 produced over time.  Therefore, the more CO2 produced over time, the faster is the rate of cellular respiration.  

Question:  How will the different types of sugars affect the rate of cellular respiration in yeast?   

Hypothesis:  Create an “If… then…because” statement regarding the rate of cellular respiration for each of the four different food sources based on your research of the chemical difference of each sugar .   
Materials per group:


5 small test tubes

5 large test tubes


Yeast suspension 

Four different sugar solutions


Droppers


2 – 25 ml graduated cylinders


ACTIVITY B 3.2b cont. - Anaerobic Cellular Respiration

Fermentation Experiment
Step by Step:

1. Mark tubes 1-5.  Fill test tubes 1-4 two-thirds full with the solutions listed below and the fifth with distilled water.  Each tube should be filled to exactly the same level.

Tube 1 - glucose

Tube 2 - fructose

Tube 3 - sucrose

Tube 4 - starch

Tube 5 - distilled water

2. Use a dropper to finish filling tube 1 with a thoroughly-mixed yeast suspension. Be sure to mix the yeast suspension immediately before adding it to the tubes. 
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The tube should be filled as full as possible while holding it over a sink. Carefully invert a larger tube and place it over the smaller tube containing the yeast suspension and glucose. Push the smaller tube all the way into the larger tube using your finger or a pencil and then invert both tubes so that the opening of the larger tube is up. Repeat this procedure for the other four tubes. 

ACTIVITY B 3.2b cont.  - Anaerobic Cellular Respiration

Fermentation Experiment
4. Place the five test tubes in an incubator set at 37 degrees Celsius and record the time.  Record the start time of incubation on the data sheet.
5. The tubes should be checked every 5 minutes to observe the size of the gas bubble that accumulates in the small tube. Proceed to part 2 of this lab while waiting for this experiment to complete.
6. The experiment should be stopped when the gas bubble in any of the tubes is approximately two thirds the length of the tube. Record the time when the experiment is terminated on the data sheet.

7. After the tubes are removed from the incubator, hold each tube over a sink and quickly invert them as shown below. Use your finger or a pencil to keep the small tube in place while inverting so that the liquid inside the small tube remains in the small tube. Lift the larger tube off of the smaller tube and set the smaller tube in a test tube rack. Repeat this procedure with the other tubes.


8. The size of the gas bubble produced by the yeast can be determined by measuring the amount of liquid remaining in the tube and subtracting it from the total volume of the tube. Measure the amount of liquid in each of the tubes with a graduated cylinder and record that value on the data sheet.
ACTIVITY B 3.2b cont.  - Anaerobic Cellular Respiration

Fermentation Experiment
Part 2

Purpose: to determine if the concentration of sugar has an effect on the rate of cellular respiration.

As yeast cells perform cellular respiration (specifically fermentation), CO2 accumulates in the solution causing it to become more acidic.  We will use a pH indicator called bromthymol blue which turns from blue to green as the solution becomes acidic.  The rate of color change is in direct proportion to the rate of cellular CO2 production. This indicates the rate of respiration.

Question:  Which concentration of sucrose will cause the fastest rate of cellular respiration in yeast?   

Hypothesis:  Create an “If… then…because” statement to answer the question
Materials per group:


6 test tubes

Test tube rack


Marking pen

2% sucrose solution (with dropper)


Yeast mixture
2 – 10ml graduated cylinders

ACTIVITY B 3.2b cont. - Anaerobic Cellular Respiration

Fermentation Experiment
Step by Step:

1. Obtain the 6 test tubes and number them 1-6 (see data table).

2. Add exactly 5ml of yeast solution to each test tube.  The yeast solution contains active yeast and bromthymol blue indicator.  

3. Be sure to have access to a watch with a second hand or a stopwatch.  You will need this to measure time elapsed from initial to final color change.

4. Slowly and carefully add the correct number of drops of 2% sucrose solution to each test tube.  Record the initial time for each one on the data sheet.

5. Finger vortex each tube as instructed by the teacher to ensure mixing and replace tubes to test tube rack

6. After each one minute interval, finger vortex the test tubes and check for any color changes.  Compare the test tubes to test tube #1.  Once you detect a slight color change, check the tube more frequently until the color is green.  

7. Once the solution is green, record the ending time on your data sheet.  Do this for each test tube.

Note:  The color change is gradual and you will have to use your best judgment to determine when the blue has become green.  The color will continue to change to a lighter green then a yellow color, but this is not the change that you need to record.

ACTIVITY B 3.2b cont. - Anaerobic Cellular Respiration

Fermentation Experiment
DATA SHEET

Hypotheses for part 1:

Hypothesis for part 2:

Part 1 Data:

Initial incubation time-_______________

Final incubation time - ______________

Total time of incubation period (minutes) - ___________________

Data table 1

	Tube
	Contents
	Milliliters of
liquid remaining
	Milliliters of
CO2 produced
	Milliliters of CO2
produced per minute

	1
	glucose
	 
	 
	 

	2
	fructose
	 
	 
	 

	3
	sucrose
	 
	 
	 

	4
	Starch
	 
	 
	 

	5
	distilled water
	 
	 
	 


ACTIVITY B 3.2b cont. - Anaerobic Cellular Respiration

Fermentation Experiment
Show calculations for rate (ml of CO2 per minute):

Glucose: 

Fructose:

Sucrose:

Starch:
Compare and contrast the various sugars used in the experiment:
Plot the appropriate graph to show a comparison of sugars and their rates of cellular respiration.  Use different colors for each one.  Be sure to label the x and y axis correctly and use a legend.   

x-axis (independent variable) = _____________________


y-axis (dependent variable)  = ______________________

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	


ACTIVITY B 3.2b cont.  - Anaerobic Cellular Respiration

Fermentation Experiment

Part 2 Data:
	Data table 2



	Test tube #
	Number of drops of 2% sucrose
	Team Data (time in min. for color change)
	Class Averages (time in min. for color change)

	1
	0


	
	

	2


	2
	
	

	3


	4
	
	

	4


	6
	
	

	5


	8
	
	

	6


	10
	
	


ACTIVITY B 3.2b cont. - Anaerobic Cellular Respiration

Fermentation Experiment
Graph (line graph) your group data and the class averages using different colors for each one.  Be sure to label the x and y axis correctly and use a legend.   


x-axis (independent variable) = _____________________


y-axis (dependent variable)  = ______________________

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	


ACTIVITY B 3.2b cont. - Anaerobic Cellular Respiration

Fermentation Experiment
RESULTS AND ANALYSIS

ANSWER THESE QUESTIONS ON A SEPARATE SHEET OF PAPER.  ANSWERS MUST BE IN COMPLETE SENTENCES AND TYPED.

1. Were your hypotheses for part 1 supported or not supported?  Explain using quantitative and qualitative observations.

2. Was your hypothesis for part 2 supported or not supported?  Explain using quantitative and qualitative observations.

3. What were the controls in each experiment and why were they necessary?

4. Explain why the different sugars in part 1 caused differing rates of cellular respiration.  Which was fastest and why?  Which was slowest and why?

5. Looking at the graph for part 2, is their evidence that sucrose concentration affects the rate of cellular respiration (fermentation) in yeast?  Explain how the various concentrations of sucrose affect the rate of fermentation.

6. Besides CO2, what other product is being produced by the yeast during fermentation?  

7. What products would the yeast produce if they were fully exposed to oxygen and able to perform aerobic respiration?

8. Design an experiment to test the effect of temperature on the rate of fermentation.  Provide clear details including the following:

a. Question

b. Background research on the effects of temperature on…

c. Hypothesis

d. Materials

e. Procedure

f. Data to be collected (tables and calculations)

ACTIVITY B-3.2c - How does exercise affect cellular respiration?
Name _______________________________________________

Purpose:  

To determine how exercise increases the body’s production of carbon dioxide.     

Materials:
2 small test tubes





Glass marking pencil






10 mL graduated cylinder






Bromothymol blue solution




2 straws 



Watch with a second hand

Procedure:  (wear apron and goggles)

1. Predict how exercise will affect your body’s production of carbon dioxide. 
_________________________________________________________

_________________________________________________________

2. Label two test tubes A and B.  Put 10 mL of water and a few drops of bromothymol blue solution in each test tube.  NOTE:  Carbon dioxide causes bromothymol blue to turn yellow or green.

3. Your partner will time you during this step.  When your partner says “go”, slowly blow air through a straw into the bottom of test tube A.  CAUTION:  Do NOT inhale through the straw!!!
4. When the solution changes color, your partner should say “stop” and then record how long the color change took. Record data on the chart below.

5. Job in place for 1 minute.  CAUTION:  Do not do this if you have a medical condition that interferes with exercise. If you feel dizzy or feel faint, stop immediately and sit down.

6. Repeat steps 3 and 4 using test tube B.

7. Trade roles with your partner.  Repeat steps 2 to 6.  Record all data on the chart below.

	Name
	Test Tube
	Color Change
	Time in seconds

	
	A – Resting 
	
	

	
	B – Jogging 
	
	

	
	A – Resting 
	
	

	
	B - Jogging
	
	


ACTIVITY B-3.2c cont.  - How does exercise affect cellular respiration?
Analysis and Conclusion:

1.
How did exercise affect the time for the solution to change color? 

2.
What process in your body produces carbon dioxide? 


How does exercise affect this process? 

3.
Was your hypothesis/prediction supported by your data? __________ Explain your answer:







Standard(s) Addressed: Recognize the overall structure of adenosine triphosphate (ATP)—namely, adenine, the sugar ribose, and three phosphate groups—and summarize its function





Indicators: 





B-3.3: Recognize the overall structure of adenosine triphosphate (ATP)—namely, adenine, the sugar ribose, and three phosphate groups—and summarize its function (including the ATP-ADP [adenosine diphosphate] cycle).





B-3.1: Summarize the overall process by which photosynthesis converts solar energy into chemical energy and interpret the chemical equation for the process.





B-3.2: Summarize the basic aerobic and anaerobic 


processes of cellular respiration and interpret the chemical


equation for cellular respiration. 

















� INCLUDEPICTURE "http://faculty.clintoncc.suny.edu/faculty/Michael.Gregory/files/Bio%20101/Bio%20101%20Laboratory/Cellular%20Respiration/cellul2.gif" \* MERGEFORMATINET ���
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