
Unit V Cellular Energy Module B-3.3
Instructional Focus
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).
Content Overview for Module B-3.3

A molecule of ATP is composed of three parts:

· A nitrogenous base (adenine)
· A sugar (ribose)
· Three phosphate groups (therefore the name triphosphate) bonded together by “high energy” bonds

ATP-ADP cycle
· Cells break phosphate bonds as needed to supply energy for most cellular functions, leaving adenosine diphosphate (ADP) and a phosphate available for reuse.

· When any of the phosphate bonds are broken or formed, energy is involved. 

· Energy is released each time a phosphate is removed from the molecule.

· Energy is used each time a phosphate attaches to the molecule.

· To constantly supply the cell with energy, the ADP is recycled creating more ATP which carries much more energy than ADP. 

· The steps in the ATP-ADP cycle are

· To supply cells with energy, a “high energy” bond in ATP is broken.  ADP is formed and a phosphate is released back into the cytoplasm.

ATP   →   ADP  +  phosphate  +  energy 

· As the cell requires more energy, ADP becomes ATP when a free phosphate attaches to the ADP molecule.  The energy required to attach the phosphate to ADP is much less than the energy produced when the phosphate bond is broken. 

ADP  +  phosphate  +  energy   →   ATP

Instructional Progression 

Previous and future knowledge

This concept has not been addressed in previous grades.
Instructional Considerations
It is essential for students to remember that adenosine triphosphate (ATP) is the most important biological molecule that supplies energy to the cell.  
It is also essential for students to understand the ATP-ADP cycle.
It is not essential for students to remember 

· the chemical formula for ATP to ADP;

· the starting molecule (AMP) or the ADP-AMP cycle.
Key Vocabulary and Concepts
ATP structure: nitrogenous base (adenine), ribose, phosphate group

ATP-ADP cycle

Materials Needed  

See Instructional Planning Guide Activity and Appendix I.
Suggested Teaching Module B-3.3
Revised Taxonomy:
1.1-A Remember Factual Knowledge   
2.4-B Understand Conceptual Knowledge   
Introduction
Discuss the importance of energy production and consumption within living organisms. Use the HowStuffWorks Video –Simply Science; ATP (2.5 min video) to introduce the term ATP and to illustrate how cellular respiration produces ATP to the learners.  Using a visual or model of an ATP molecule, allow students to identify its constituents and the importance of each part as it relates to the storage and release of energy. After discussing the process in which ATP is formed, use the ATP Energy Jar Demonstration to illustrate this process.  Once students have been introduced to the structure and function of ATP, students can view the HowStuffWorks Video-The Chemistry of Life:  ATP (Instructional Planning Guide), which will serve as reinforcement to the introductory lesson on ATP. 
The recommended resources listed in the Instructional Planning Guide B-3.3 consists of videos, lab activities, and review exercises that will provide opportunities for students to understand ATP structure and function addressing the various learning styles of individuals.
Extensions

Enrichment
Is ATP Worth the Investment?  is an activity that may be used as a group exercise or individual exercise to integrate business and science.
Interventions
Energy in the Cell is an activity that may be used as a group or individual exercise to deepen the learners understanding of the indicator.

Suggested Resources 

See Instructional Planning Guide.
Assessing Module B-3.3
Formative and Summative assessments

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 main 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.  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
Instructional Focus:

Summarize the overall process by which photosynthesis converts light energy into chemical energy and interpret the chemical equation for the process.
Content Overview for Module B-3.1
· The first stage is called the light-dependent reactions because they require light energy.
· During the light-dependent reactions, light energy is absorbed by chloroplasts (see B-2.2) and two energy storing molecules (ATP and NADPH) are produced.  

· The light energy is used to split water molecules which results in the release of oxygen as a delete waste by-product, an essential step in the process of photosynthesis.
· The second stage is called the dark (light-independent) reactions because they do not require light energy. 

· During the dark (light-independent) reactions, energy stored in ATP and NADPH is used to produce simple sugars (such as glucose) from carbon dioxide.  These simple sugars are used to store chemical energy for use by the cells at later times.

· Glucose can be used as an energy source through the process of cellular respiration or it can be converted to organic molecules (such as proteins, carbohydrates, fats/lipids, or cellulose) by various biologic processes. 

TEACHER NOTE: The structure of ATP molecules and a deeper treatment of its function are addressed in B-3.3.

The process of photosynthesis is generally represented using a balanced chemical equation.  However, this equation does not represent all of the steps that occur during the process of photosynthesis. 

Light energy

6CO2  +  6H2O                             C6H12O6  +  6O2
· In general, six carbon dioxide molecules and six water molecules are needed to produce one glucose molecule and six oxygen molecules. 

· Each of the reactants (carbon dioxide and water) is broken down at different stages of the process.  

· Each of the products (oxygen and glucose) is formed in different stages of the process.  

· Light energy is needed to start the photosynthetic reaction that causes the release of electrons due to the splitting of water molecules. The products hydrogen and oxygen are formed. 
Instructional Progression 

Previous and future knowledge

In 6th grade (6-2.7), students summarized the processes required for plant survival (including photosynthesis, respiration, and transpiration).  In 7th grade, students explained how cellular processes (including respiration, photosynthesis in plants, mitosis, and waste elimination) are essential to the survival of the organism (7-2.4) and explained how a balanced chemical equation supports the law of conservation of matter (7-5.8).   
Instructional Considerations

It is essential for students to understand that all organisms need a constant source of energy to survive.  The ultimate source of energy for 
most life on Earth is the Sun.   Photosynthesis is the overall process by which sunlight (light energy) chemically converts water and carbon dioxide into chemical energy stored in simple sugars (glucose).  This process occurs in two stages. 

It is not essential for students to understand

· the chemical processes of the Calvin cycle (carbon fixation); 

· how the structure of chloroplast is important to the process of photosynthesis (the thylakoid and stroma).

Key Vocabulary and Concepts

Photosynthesis: light-independent reactions, dark (light-independent) reactions

Materials Needed 

See Instructional Planning Guide Activity and Appendix I.

Suggested Teaching ModuleB-3.1
Revised Taxonomy:   2.4-B and 2.1-B Understand Conceptual Knowledge 
Introduction

Teachers can assess prior knowledge of students’ understanding of photosynthesis by asking a series of questions that relate to how plants obtain energy for survival.  Using the board, students can demonstrate their knowledge of the patterns of plant growth by making a list of the factors involved in photosynthesis.  Allow students to name the overall process and assist students in writing out the equation for photosynthesis.  As students write out the equation, demonstrate how it can be interpreted.
Suggested Teaching ModuleB-3.1 cont.

Once students have reviewed the process of photosynthesis and photosynthesis equation, students can watch the How Stuff Works Video-The Science of Life:  Photosynthesis.  

Next, discuss the light and dark reactions of photosynthesis.    In their notebooks, instruct students to write down the comparisons of both reactions.

Working in groups have students complete the Why Do Leaves Change Color in the Fall laboratory exercise( Remember to download all parts of the exercise prior to the day of the lab so that students will have an opportunity to review the procedures) (Instructional Planning Guide p. 3 http://www.sciencemadesimple.com/leaves.html)
. 

Use the additional suggested resources in the Instructional Planning Guide to accommodate instructional needs.  Several online photosynthesis quizzes are also available to assess students’ understanding of photosynthesis.

Suggested Resources 

See Instructional Planning Guide.
Assessing Module B-3.1
Formative and Summative assessments

The first objective of this indicator is to summarize the process by which photosynthesis converts light 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.
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
Instructional Focus
Summarize the basic aerobic and anaerobic processes of cellular respiration and interpret the chemical equation for cellular respiration
Content Overview for Module B-3.2
Any food (organic) molecule, or nutrient, including carbohydrates, fats/lipids, and proteins can be processed and broken down as a source of energy to produce ATP molecules.

 nutrients  +  oxygen                 water  +  energy (ATP)  +   carbon dioxide

TEACHER NOTE: The structure of ATP molecules and a deeper treatment of its function are addressed in B-3.3.

To transfer the energy stored in glucose to the ATP molecule, a cell must break down glucose slowly and capture the energy in stages.

The first stage is glycolysis.

· In the process of glycolysis a glucose molecule is broken down into pyruvic acid molecules and ATP molecules.

· Glycolysis is a series of reactions using enzymes that takes place in the cytoplasm.

TEACHER NOTE:  Pyruvic acid is a pyruvate molecule that has combined with a hydrogen ion.  Many texts use the terms interchangeably.

If oxygen is available, the next stage is the two-step process of aerobic respiration, which takes place primarily in the mitochondria of the cell.

· The first step of aerobic respiration is called the citric acid or Krebs cycle.
· The pyruvic acid formed in glycolysis travels to the mitochondria where it is chemically transformed in a series of steps, releasing carbon dioxide, water, and energy (which is used to form  2 ATP molecules)

 Pyruvic acid                carbon dioxide  +  water  +  energy (2 ATP)

The second step of aerobic respiration is the electron transport chain.

· Most of the energy storing ATP molecules is formed during this part of the cycle.

Content Overview for Module B-3.2 cont.
The electron transport chain is a series of chemical reactions ending with hydrogen ions combining with oxygen to form water.  Carbon dioxide is released as a waste product as it is formed in several
· stages of the Krebs cycle.

· Each reaction produces a small amount of energy, which by the end of the cycle produces many (up to 36) ATP molecules.  

· The ATP synthesized can be used by the cell for cellular metabolism
The process aerobic respiration is generally represented using a balanced chemical equation.  However, this equation does not represent all of the steps that occur during the process of aerobic respiration. 

               C6H12O6   +   6O2                           6CO2  +   6H2O  +  energy 

· In general, one glucose molecule and six oxygen molecules are needed to produce six carbon dioxide molecules and six water molecules. 

· Each of the reactants (glucose and oxygen) is used during different stages of aerobic respiration.

· Each of the products (carbon dioxide and water) is formed during different stages of the process.

· The energy that is released is primarily used to produce approximately 34 to 36 molecules of ATP per glucose molecule. 
However, if no oxygen is available, cells can obtain energy through the process of anaerobic respiration.  A common anaerobic process is fermentation.
· Fermentation is not an efficient process and results in the formation of far fewer ATP molecules than aerobic respiration.

· There are two primary fermentation processes:

· Lactic acid fermentation occurs when oxygen is not available, for example, in muscle tissues during rapid and vigorous exercise when muscle cells may be depleted of oxygen.

· The pyruvic acid formed during glycolysis is broken down to lactic acid, and in the process energy is released (which is used to form ATP). 

Glucose ( Pyruvic acid ( Lactic acid + energy

· The process of lactic acid fermentation replaces the process of aerobic respiration so that the cell can continue to have a continual source of energy even in the absence of oxygen, however this shift is only temporary and cells need oxygen for sustained activity.
Content Overview for Module B-3.2 cont.

· Lactic acid that builds up in the tissue causes a burning, painful sensation.  
TEACHER NOTE:  Lactic acid is lactate which has acquired a hydrogen ion.  Many texts use the two interchangeably.

· Alcohol fermentation occurs in yeasts and some bacteria.

· In this process, pyruvic acid formed during glycolysis is broken down to produce alcohol and carbon dioxide, and in the process energy is released (which is used to form ATP).

Glucose ( Pyruvic acid ( alcohol + carbon dioxide + energy

TEACHER NOTE:  At this point teachers may want to compare the processes of photosynthesis and aerobic respiration.  

Instructional Progression 

Previous and future knowledge
In 6th grade (6-2.7), students summarized the processes required for plant survival (including photosynthesis, respiration, and transpiration).  In 7th grade, students explained how cellular processes (including respiration, photosynthesis in plants, mitosis, and waste elimination) are essential to the survival of the organism (7-2.4) and explained how a balanced chemical equation supports the law of conservation of matter (7-5.8).
Instructional Considerations

It is essential for students to understand that the ultimate goal of cellular respiration is to convert the chemical energy in nutrients to chemical energy stored in adenosine triphosphate (ATP).  ATP can then release the energy for cellular metabolic processes, such as active transport across cell membranes, protein synthesis, and muscle contraction.

It is not essential for students to understand

· the specific chemical reactions of cellular respiration;
· the role of excited electrons or the mechanism of the electron transport system in the process of respiration;

· the role of NADH in respiration or fermentation.

Key Vocabulary and Concepts
Cellular respiration: adenosine triphosphate (ATP)

Glycolysis

Aerobic respiration: Krebs cycle (citric acid cycle), electron transport chain

Anaerobic respiration: fermentation, lactic acid fermentation, alcohol fermentation
Materials Needed  

See Instructional Planning Activity Guide and Appendix I.
Suggested Teaching ModuleB-3.2
Revised Taxonomy:    2.4-B and 2.1-B Understand Conceptual Knowledge 
Introduction
Prior to discussing aerobic and anaerobic processes of cellular respiration, make sure students are familiar with the terms aerobic and anaerobic.
Next, create a summary table displaying a list of aerobic processes of cellular respiration on one side and anaerobic processes of cellular respiration on the other side.  Allow students to assist in completing the table by encouraging them to volunteer in providing summary facts to fill in for each process.
Students can be introduced to the chemical equation of cellular respiration by revisiting the photosynthesis equation.  Give students a moment to study both equations and identify the differences between the two.  Evaluate the students’ understanding of interpreting chemical equations by allowing them to write down their interpretation of the cellular respiration equation and discuss it with the class.
Have students view the Energy and Chemistry of Life video (7 min). After viewing the video have students to complete the concept map from the BiologyCorners website.

Using the instructional planning guide, teachers can choose from a variety of labs that cover cellular respiration as well as videos that reinforce the significance of cellular respiration.  The Cellular Respiration Lesson Plan Activity Packet (w/online resources) provides teachers with additional resources to address this indicator.
Suggested Resources  

See Instructional Planning Guide.
Assessing Module B-3.2
Formative and Summative Assessments
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 interpret the process of aerobic respiration through the use of a chemical equation and its chemical symbols.

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.
Appendix I

Material  List for Unit V

Per group

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

Materials: 

· Elodea  (water plant) to produce O2
· H2O

· Bromothymol Blue (BTB)

· UV light (either natural sunlight or UV lamp)

· Something to produce CO2
ACTIVITY B-3.2a - Terrestrial Sequestration 
Photosynthesis and Cellular Respiration

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

· microspoon spatula

· 30 copies of Terrestrial Sequestration – Student Sheet

Appendix I

Material  List for Unit V (continued)
ACTIVITY B 3.2b - Anaerobic Cellular Respiration

Fermentation Experiment – Part 1
Materials (for each group):
· 5 small test tubes



· 5 large test tubes

· yeast suspension 



· four different sugar solutions (glucose, fructose, sucrose, starch)

· Droppers



· 2 – 25 ml graduated cylinders


· distilled water

ACTIVITY B 3.2b cont.  - Anaerobic Cellular Respiration

Fermentation Experiment - Part 2

Materials (for each group):

· 6 test tubes



· Test tube rack

· Marking pen



· 2% sucrose solution (with dropper)

· Yeast mixture


· 2 – 10ml graduated cylinders

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

Materials:

· 2 small test tubes



· Glass marking pencil




· 10 mL graduated cylinder


· water



· Bromothymol blue solution


· 2 straws 

· Watch with a second hand
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