



Unit II Biochemistry Teaching Module B-3.4

Instructional Focus: 

Summarize how the structures of organic molecules (including proteins, carbohydrates, and fats) are related to their relative caloric values.
Content Overview for Module B-3.4
Proteins are molecules composed of chains of amino acids. Amino acids are molecules that are composed of carbon, hydrogen, oxygen, nitrogen, and sometimes sulfur. There are 20 common amino acids that chemically bond in various ways to make proteins.  Twelve of these amino acids are made in the human body; others must be consumed from foods such as nuts, beans, or meat. Although proteins are more important as a source of building blocks, amino acids may be used by the body as a source of energy. As a source of energy, proteins have the same caloric value per gram as carbohydrates. 

Carbohydrates (sugars and starches) are molecules composed of carbon,    

hydrogen, and oxygen in a 1:2:1 ratio. The basic carbohydrates are simple sugars (monosaccharides) such as glucose.  These simple sugars can bond together to make larger, complex carbohydrate molecules, for example starch or cellulose.  Carbohydrates are important because they are the main source of energy for the cell. When carbohydrates are synthesized during the process of photosynthesis, plants or other photosynthetic organisms use them as a source of energy or they are stored in the cells. 
When complex carbohydrates are consumed, the process of digestion breaks the bonds between the larger carbohydrate molecules so that individual simple sugars can be absorbed into the bloodstream through the walls of the intestines. The bloodstream carries the simple sugars to cells throughout the body where they cross into the cells through the cell membrane. Once inside the cells, simple sugars are used as fuel in the process of cellular respiration, releasing energy, which is stored in the bonds of ATP. The caloric value of carbohydrates is dependent on the number of carbon-hydrogen bonds. If an organism has a greater supply of carbohydrates than needed for its energy requirements, the extra energy is converted to fats and stored by the body. 

Content Overview for Module B-3.4 cont.
Lipids, including fats, are organic molecules composed mainly of hydrogen and carbon atoms. Lipid molecules are made of two component molecules (glycerol and fatty acids) so they are structurally different from carbohydrates.  Fats/lipids have more carbon-hydrogen bonds than carbohydrates. Fats are important to organisms for energy, when carbohydrates are scarce. However, when there is no shortage of food, stored fat accumulates. When fats are consumed, the molecules are broken down during the process of digestion so that individual glycerol and fatty acid molecules are absorbed into the blood stream through the walls of the intestines. The blood stream carries the glycerol and fatty acid molecules to cells throughout the body where the molecules cross into the cells through the cell membrane. 
Once inside the cell, glycerol and fatty acids are stored for later use or used as fuel for cellular respiration if there are no carbohydrates available. The process of cellular respiration releases the energy that is held in the chemical bonds of the glycerol and fatty acid molecules. Due to the structure and number of the carbon-hydrogen bonds that hold the different types of molecules (proteins, carbohydrates, or fats) together, fats contain more energy (ATP) per gram than carbohydrates or proteins, which explains why fats have a greater caloric value.

Instructional Progression 

Previous and future knowledge

This concept has not been previously addressed.

Instructional Considerations

It is essential for students to understand that all organisms are composed of organic molecules which contain carbon atoms.  Most organic molecules are made of smaller units that bond to form larger molecules.  Energy is stored in the bonds that link these units together.  The amount of energy stored in these bonds varies with the type of molecule formed.  As a result, not all organic molecules have the same amount of energy available for use by the organism.  The energy stored in organic molecules determines their caloric value.  Proteins, carbohydrates, and fats/lipids are three organic molecules with different structures and different caloric values based on those structures. 

It is not essential for students to understand 

( the structures of carbon based molecules; 

( the chemical formulas for proteins, carbohydrates, or fats; 

( the bonding in proteins, carbohydrates, or fats (peptide bonds or the process of hydrolysis); 

( the energy value of the molecules mole per mole; 

( the mathematical calculations concerning energy values per gram of substance. 
Key Vocabulary Words and Concepts
Organic molecules (as listed in the indicator) 

Caloric value 

Protein: amino acid 

Carbohydrates: monosaccharide 

Fats (lipids): glycerol, fatty acids 

Suggested Teaching- Module B-3.4
Revised Taxonomy - Understand Conceptual Knowledge- 2.4-B 
Introduction

Introduce the concept of organic molecules through a lecture and discussion of the four different biological compounds.  Teachers can have students complete a foldable or take notes about the content. Teachers should emphasize the nutritional content of lipids, carbohydrates and proteins by using the Nutrition.gov website :
http://www.nutrition.gov/nal_display/index.php?info_center=11&tax_level=1&tax_subject=388 .  After discussion of these concepts, teachers should take students to a computer lab to allow them to access the website: “What’s in a Label,” (http://biology4teachers.com/biochemistry/Percentage%20of%20Lipids,%20Carb,%20Proteins%20in%20foods.pdf ) to view graphs based on information from food labels or the teacher may use other available technology to view this website. It would be more meaningful to have students work in pairs to complete this activity as oppose to whole class. At this point in the module, to add relevancy to the module, teachers should have students record all the foods they eat in a day and use the Calorie Counter website: http://www.my-calorie-counter.com/about.asp to determine how many calories, fat, and protein they have consumed in a 24 hour period. The teacher may bring closure to this module by having students complete the Calorimeter Lab (Instructional Planning Guide p. 8)  to determine the number of calories in foods.  

Materials Needed

See Instructional Planning Guide Activity and Appendix I 
Extensions
Enrichment
Students may work on the Food Chemistry Testing for Sugar, Starch, Protein, or Fat website: 

http://www.sciencecompany.com/sci-exper/food_chemistry.htm where they may complete a virtual lab on testing foods for their nutritional content.
Assessing Module B-3.4
The objective of this indicator is to summarize how the structures of organic molecules (including proteins, carbohydrates, and fats) are related to their relative caloric values; therefore, the primary focus of assessment should be to give major points about the overall structure of the three types of molecules and how the structures determine the amount of energy available.  In addition to summarize, assessments may require students to:

 ( recall the basic components of each type of organic molecule;

 ( compare the structure and relative caloric value of proteins,              

   Carbohydrates and fats.                  

Suggested Resources
See Instructional Planning Guide

Unit II Biochemistry Teaching Module B-3.5
Instructional Focus: 

Summarize the functions of proteins, carbohydrates, and fats in the human body.
Content Overview for Module B-3.5
Proteins are involved in almost every function in the human body. For
example, they serve as the basis for structures, transport substances,  

regulate processes, speed up the rate of chemical reactions, and control growth.  Proteins are more important as a source of building blocks than as a source of energy. Proteins can function as an energy source only if there is a shortage of carbohydrates or lipids. When proteins are consumed, the bonds that hold the amino acids together are broken during the process of digestion so that individual amino acids are absorbed into the bloodstream through the walls of the intestines. The amino acids are carried by the bloodstream to cells throughout the body. Amino acids enter into cells through the cell membrane. Once inside the cell, they are used as raw materials to make all of the proteins required by the organism. 

Because of their structures, proteins serve different functions. For example, structural proteins are used for support such as connective tissue and keratin that forms hair and finger nails. Transport proteins transport many substances throughout the body such as hemoglobin, which transports oxygen from the lungs to the other parts of the body, to be used by cells in cellular respiration. Hormone proteins coordinate body activities such as insulin which regulates the amount of sugar in the blood. Contractile proteins 

help control movement such as proteins in the muscles which help control contraction. Enzymatic proteins accelerate the speed of chemical reactions 

which break down food in the digestive tract. 

Carbohydrates are important as an energy source for all organisms and as a  

structural molecule in many organisms. Carbohydrates are a primary source of fuel for cellular respiration. Carbohydrates are also used to store energy for short periods of time. The carbon, hydrogen, and oxygen that compose carbohydrates serve as raw materials for the synthesis of other types of small organic molecules, such as amino acids and fatty acids. Some carbohydrates (such as cellulose) are used as structural material in plants. For most animals, foods that contain these carbohydrates are important as fiber which stimulates the digestive system. 
Fats (lipids) are important to organisms for energy when carbohydrates are  scarce since they are the primary way to store energy. Fats serve a variety of functions in humans, such as providing long-term energy storage, cushioning of vital organs, and insulation for the body.   
Content Overview for Module B-3.5 cont.
Fats also serve as a major component of cell membranes and are one of    the raw materials necessary for the production of some vitamins and hormones. 

Instructional Progression 

Previous and future knowledge

This concept has not been addressed in previous grades.
Instructional Considerations

It is essential for students to understand that proteins, carbohydrates, and fats have important functions within the human body.
Key Vocabulary 

Proteins, Carbohydrates, Fats

Suggested Teaching Module B-3.5
Revised Taxonomy- Understand Conceptual Knowledge-2.7-B   
Introduction

To introduce this module the teacher should show the Streamline Video: Organic Molecules while using Activity B-3.5a Biological Compounds Foldables (Instructional planning guide p. 12) for note taking. For class discussion, note taking, and to check for understanding, the teachers should provide students with a graphic organizer from the website http://biology4teachers.com.  To review the concepts from this module, students should complete the review activity from www.lessonplansinc.com  to solidify their knowledge. To bring closure to this module, teachers can use Activity B-3.5b Biological Compounds (Instructional planning guide p. 13) to review concepts.
Materials Needed

See Instructional Planning Guide Activity and Appendix I
Extensions

Interventions
Students who are having difficulty in understanding the concepts can work on the online guide at www.lessonsnips.com to review the concepts and engage in more practice.
Assessing Module B-3.5
Assessment Guidelines
The objective of this indicator is to summarize the functions of proteins, carbohydrates, and fats in the human body; therefore, the primary focus of assessment should be to give major points about the importance of proteins, carbohydrates, and fats to health of human beings. In addition to summarize, assessments may require students to recall or compare the functions of each organic molecule.
Suggested Resources
See Instructional Planning Guide and Appendix I
Unit II Rates of Biochemistry Reactions Teaching Module B-2.8

Instructional Focus: 

Explain the factors that affect the rates of biochemical reactions (including pH, temperature, and the role of enzymes as catalysts).  

Content Overview for Module B-2.8
· Chemical reactions (including biochemical reactions) can occur when reactants collide with sufficient energy to react. The amount of energy that is sufficient for a particular chemical reaction to occur is called the activation energy.  

· Sometimes a chemical reaction must absorb energy for the reaction to start; often, but not always, this energy is in the form of heat.

· Energy, such as heat or light, can also be given off as a result of biochemical reactions, such as with cellular respiration or bioluminescence.

· Changes in temperature (gaining or losing heat energy) can affect a chemical reaction. 
· pH (a measure of the acidity of a solution) in most organisms needs to be kept within a very narrow range.  Buffers within an organism are used to regulate pH so that pH homeostasis can be maintained.  A small change in pH can disrupt cell processes.

· A catalyst is a substance that changes the rate of a chemical reaction or allows a chemical reaction to occur (activate) at a lower than normal temperature. Catalysts work by lowering the activation energy of a chemical reaction. A catalyst is not consumed or altered during a chemical reaction, so, it can be used over and over again.  Enzymes are proteins which serve as catalysts in living organisms.

· Enzymes are very specific. Each particular enzyme can catalyze only one chemical reaction by working on one particular reactant (substrate).

· Enzymes are involved in many of the chemical reactions necessary for organisms to live, reproduce, and grow, such as digestion, respiration, reproduction, movement and cell regulation. 

The structure of enzymes can be altered by temperature and pH; therefore, each catalyst works best at a specific temperature and pH.
Instructional Progression 

Previous and future knowledge

In 7th grade (7-5.6), students distinguished between acids and bases and used indicators (including litmus paper, pH paper, and phenolphthalein) to determine their relative pH.  
In physical science, students classified various solutions as acids or bases according to their physical properties, chemical properties, generalized formulas, and pH (using pH meters, pH paper, and litmus paper) (PS-3.8) and explained the effects of temperature, concentration, surface area, and the presence of a catalyst on reaction rates (PS- 4-1.1). 
Instructional Considerations

It is essential for students to understand that biochemical reactions allow organisms to grow, develop, reproduce, and adapt.  A chemical reaction breaks down some substances and forms other substances.  There are several factors that affect the rates of biochemical reactions.  

It is not essential for students to understand the
· specific mechanisms by which a catalyst lowers activation energy;

· mechanism of chemical reactions (i.e. atoms, ions, bonding);

· role of cofactors or coenzymes;

· role of enzyme inhibitors.

Key Vocabulary and Concepts
Biochemical reactions: activation energy

pH: buffers
Catalyst: enzyme

Suggested Teaching Module B-2.8
Revised Taxonomy- Understand Conceptual Knowledge-2.7-B   
Introduction
After the discussion on the factors that affect the rates of biochemical reactions, the teacher should show the United Streamline Video: Rates of Reaction: (http://player.discoveryeducation.com/index.cfm?guidAssetId=E73FFA0F-977F-4574-8688-DC1CB551ECD9&blnFromSearch=1&productcode=US).  After generating further discussion on these factors, the teacher should engage students by using Activity B-2.8c – Toothpickase (Instructional planning guide p. 24), to provide students with conceptual knowledge of how enzymes really work. Students should then complete either Activity B-2.8a Catalyst of Life Lab (Instructional planning guide p. 18) or Activity B-2.8d Enzymatic Lab (Instructional planning guide p.27), depending on materials available, to identify how enzymes can be denatured. Finally, students can complete Activity B-2.8b Enzyme Activity Review (Instructional planning guide p. 21) as an informal assessment of the concepts.
Materials Needed

See Instructional Planning Guide Activity and Appendix I
Assessing the Lesson

Assessment strategies may include looking at graphs and comparing biochemical reaction with a catalyst and without a catalyst, at different temperatures and at different pH’s
Suggested Resources
See Instructional Planning Guide

Appendix I

Materials List-Unit II
Per group

Activity 3.4a – Calorimeter Lab
· 1calorimeter can 
· 1 calorimeter lid

· 1 flask support

· 1 125 ml flask

· 1 pin

· 1 cork

· Economy Calorimeter can be ordered from biological supply company and includes the items from above.  You can choose to make your own homemade calorimeter using the materials found listed below
· optional: homemade calorimeter

· 2 tin cans, one larger than the other

· wood dowel, pencil, or rod shaped support

· cork

· needle or wire

· pliers

· can opener (to remove rim)
· hammer

· nail

· 1 Bunsen burner

· filter paper

· food to test

· Walnut

· Pecan

· Pine Nut

· Almond

Activity 3.5a – Biological Compounds Foldable

· White Paper

Activity 3.5b – Biological Compounds Review

· Copies of activities
Materials List-cont. -Unit II
Per group

Activity 2.8a – Catalysts of Life Lab
· 7 test tubes

· test tube rack

· hydrogen peroxide

· graduated cylinder

· food with enzymes to test

· raw  and cooked hamburger (or other muscled meat)

· fresh and cooked spinach (or lettuce)

· raw and cooked liver

· raw and cooked potato (or other starchy vegetable)

· grease pencil or tape

Activity 2.8b – Enzyme Activity Review

· Copies of activity

Activity 2.8c – Toothpickase Activity
· 80 toothpicks (flat wooden type)

· shallow bowl

· timer, watch or clock

· graph paper

· 80 paperclips

· pail of ice water

Activity 2.8d – Enzymatic Activity Lab
· 1ml of 3% hydrogen peroxide  (order from biological supply company)

· 10 ml graduated cylinder

· 2 ml of catalase solution (order from biological supply company)

· 5 test tubes

· marker

· ruler

· solutions with pH 3, pH 5, pH 7, pH 9, pH11

· test tube rack
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