BLAST – Organic Molecules Unit


	Grade Level
Grade 9, Grade 10, Grade 11

	Time Required
2 weeks


	Big Ideas
Living systems are made up of four major types of organic molecules: carbohydrates, lipids, proteins and nucleic acids.

Organisms are made up of different arrangements of these molecules, giving all life a biochemical framework.

Selected cells in multi-cellular organisms are specialized to carry out particular life functions.

	Enduring Understandings
1. Specialized cells perform specialized functions.

2. Cells transform chemical energy in food into forms of energy to sustain life.

3. Plants transform solar energy from the sun into sugar molecules that can be consumed by all organisms, including themselves.

4. Carbon, Hydrogen, Nitrogen, Oxygen, Sulfur and Phosphorus are the elements that form the complex molecules that make up organisms.

5. The function of each protein molecule is determined by its specific sequence of amino acids and the shape of the molecule.

6 Organism survival is dependent on the response to changing physical, chemical, and environmental conditions.

	Michigan Standards:  Organic Molecules:
	B2.2A
	Explain how carbon can join to other carbon atoms in chains and rings to form large and complex molecules. 

	B2.2B
	Recognize the six most common elements in organic molecules (C, H, O, P, N, S) 

	B2.2C
	Describe the composition of the four major categories of organic molecules (carbohydrates, lipids, proteins, and nucleic acids). 

	B2.2D
	Explain the general structure and primary functions of the major complex organic molecules that compose living organisms.  

	B2.2E
	Describe how dehydration and hydrolysis relate to organic molecules that compose living organisms.

	B1.2C
	Develop an understanding of a scientific concept by accessing information from multiple sources.  Evaluate the scientific accuracy and significance of the information




	Essential Question
How does the structure drive the chemical and functional behavior of macromolecules?  



	Topical Essential Questions
1. Why do we need to eat?
2. What is the purpose of “carb loading” before a big sporting event?
3. Why should you always choose water over pop?
4. Why chose a walnut over a potato chip for a fat source?
5. Why is super glue more sticky than Elmer’s glue?

	Indicators
Students will be able to identify that there are four major categories of organic molecules that make up living systems: carbohydrates, fats, proteins, and nucleic acids.

Students will be able to work with the basic structures of the four major categories of organic molecules to describe molecular functions for living organisms.
	Research-based Instructional Strategies
Inquiry-based laboratories
Model building


	Student Misconceptions
Students may lack the understanding that matter cannot be created or destroyed.  (Conservation of Matter)  
Students may think that all atoms are the same size.
Students may believe that polymers are composed of identical monomers, they may not understand that a polymer may be composed of similar but not identical monomers.
Students may not understand that molecules have distinctive structures and functions
Students may think that all “carbs” and fats, especially cholesterol, are bad for them.
The terms carbohydrate, sugar, starch, lipid, fat, cholesterol, and protein are terms the students use regularly when talking about nutrition and diets.  However, they may have little understanding of the basic chemistry and may not make structural and functional distinctions among the different kinds of molecules.  As a result, students often use the terms as synonyms.
Sugars and starches are carbohydrates and are necessary parts of a healthy diet. 





	Unit Concept Map
[image: ]





	Activity Schedule for Organic Molecules Unit in a Block Schedule

	Activity
	Standards

	Molecular Model Kits – Molecules of Life (available from Wards Natural Science)  Not included in this documentation.
	B2.2A,B2.2B

	Organic Molecules with Tinkertoys   
	B2.2D, B2.2E, B1.2C

	Bouncy Balls 
	B2.2D, B2.2E

	Card Game-Types of Molecules 
	B2.2C

	Food Lab 
	B2.2A-E
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[bookmark: _Toc106958420]Organic Molecules with Tinkertoys
Cris Crawford and Lisa Mueller, Battle Creek Lakeview High School, Lauri Maurer and Terri Morton, Olivet High School, and Marcia Fetters, Western Michigan University. 
Goal Statement:  The following lesson is aimed at teaching reactions that make and break polymers in biological macromolecules.
Michigan Standards:  B2.2 Organic Molecules
B2.2E Describe how dehydration and hydrolysis relate to organic molecules that compose living organisms.
B1.2C Develop an understanding of a scientific concept by accessing information from multiple sources.  Evaluate the scientific accuracy and significance of the information.

Target Grade: High school biology students
Class Period(s):  Approximately 60 minutes
Materials:  Tinkertoys  200 piece plastic classic construction set (~$40.00) should accommodate a class of 20-30 with groups of two and student activity sheet.  Polymer kit prepared from Tinkertoys includes:  5 connectors (same type), 5 rods (same type), 2 sets of 5 joints (spools, washers, elbows – same type)
Pre-requisite Knowledge:  Students will need an understanding of bonding and the formation of molecules.
Background:  The four major types of organic macromolecules are essential to the life processes of organisms:  carbohydrates, lipids, proteins, and nucleic acids.  All of these macromolecules are constructed from carbon, hydrogen, and oxygen.  Despite their similarities, the different types of organic molecules have different properties.  Hydrolysis is the opposite of condensation (dehydration).  Dehydration is the chemical process by which two molecules are joined together to make a larger and more complex molecule with the loss of water.
Student Misconceptions:   
Students may lack the understanding that matter cannot be created or destroyed.  (Conservation of Matter)  
Students may think that all atoms are the same size.
Students may believe that polymers are composed of identical monomers, they may not understand that a polymer may be composed of similar but not identical monomers.
Content:  This is one lesson on synthesis and hydrolysis of biological macromolecules and is a part of the Organic Molecules Unit.  The unit plan is available at www.wmich.edu/science/blast
Procedure:  Assign students in groups of 2.  Each group will construct 3 monomers and make a polymer from these monomers using Tinkertoys  (see student activity sheet).
Teacher Tips: 
Suggested Activity:  Students (monomers) will line up and hold hands (bond) beside each other.  The group of students is a polymer.  Ask students how many “bonds” are needed to connect the “polymer” group.  Most students will count the number of students, not the number of “bonds”.  Counting “bonds” will always be one less than the number of students.  “Non-bonded” hands at the ends are the areas where more monomers may be added.  Each student (monomer) is similar that comprises the “polymer”.
During construction of the polymer from the monomers, students may need to add connection pieces for a bond (see Photograph A) or their design may connect on its own (See photograph B).

Photograph A
[image: ]
Photograph B

Students with an understanding of the conservation of matter may ask “Where did the water go?”  Be prepared to explain that the water is within the product. 

Student Activity Sheet:					Name _________________________
Organic Molecules with Tinkertoys 
Using four toy pieces (not identical), build your own personal monomer.  
    Teacher approval_____________
Sketch your monomer below (Use color if desired):

Build two more monomers identical to your original.
Take your three individual monomers and bond them together building a polymer (Hint:  You may need to use additional pieces).
Teacher approval____________
Sketch your polymer below (Use color if desired):


Label the following items on your sketch:
Bracket [ ] and label one monomer 
Bracket { } and label your polymer
Place an asterisk (*) by each bond site between monomers
Place stars  at locations where the next monomer could possibly attach if it were a larger polymer.

How did you connect your monomers together to build your polymer.  (Do not say “I just stuck them together”; be specific, did you add and/or remove pieces)
Create your own definition of a monomer and write that in the space below. 
Place your monomer definition on one side of a sticky note/index card provided.

Create your own definition for a polymer and write that in the space below.  
      Add this definition to the other side of the note/card .
After seeing all the student responses, come up with a common class definition that will be used for this unit.
MONOMER-

POLYMER-
Hydrolysis is a polymer being split into smaller sections by breaking a bond, with the addition of water.
See diagram below for an example (each circle represents a monomer).

Sketch what hydrolysis would look like with your model.



Dehydration synthesis is a reaction by which 2 monomers are joined together to make a larger, more complex, polymer with the loss of water.  
See diagram below for an example (each circle represents a monomer).
        
Sketch what dehydration synthesis would look like with your model.






10.  Describe how the process of dehydration (condensation) and hydrolysis relate to organic molecules.   





11.  How does this Tinkertoy model accurately and inaccurately represent dehydration synthesis and hydrolysis?

		Accurate representation			Inaccurate representation


12.  Looking back to question #8, how many waters would it take to break your polymer into three separate monomers?



13.  If your polymer consisted of 15 monomers, how many waters would be required to complete hydrolysis at each bond of the monomers that comprise the polymer?



14.  What is the purpose of water in the process of digestion?




Extension:   This lesson is part of a larger, approximately 10 day Organic Molecules Unit, see BLAST website. www.wmich.edu/science/blast
Additional Standards addressed in the unit:
	B2.2A
	Explain how carbon can join to other carbon atoms in chains and rings to form large and complex molecules.

	B2.2B
	Recognize the six most common elements in organic molecules (C, H, O, P, N, S).

	B2.2C
	Describe the composition of the four major categories of organic molecules (carbohydrates, lipids, proteins, and nucleic acids). 

	B2.2D
	Explain the general structure and primary functions of the major complex organic molecules that compose living organisms.  




Key concepts and focus of unit:
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Activity Schedule for Organic Molecules Unit in a Block Schedule
	Activity
	Standards

	 Molecular Model Kits – Molecules of Life (available from Wards Natural Science)
	B2.2A,B2.2B

	Organic Molecules with Tinkertoys   
	B2.2D, B2.2E, B1.2C

	Bouncy Balls
	B2.2D, B2.2E

	Card Game-Types of Molecules
	B2.2C

	Food Labs
	B2.2A-E



Assessment: 
Formative: Teacher checkpoint embedded within the lesson.  
Summative:  Questions for Unit – correlated to Michigan Standards.
1. Each of the following is properties of carbon, except for which one?   B2.2A
 It can form ring or chain structures.
It can form 4 chemical bonds.
It can only form bonds with other carbons or hydrogen.
It is an element in proteins, nucleic acids and carbohydrates.

2. How can carbon join to other carbon atoms in chains and rings to form large and complex molecules?     (choose the BEST answer).  				B.2.2A
It can only form bonds with H.
It can only form 4 bonds.
It can only form bonds with O.
It can only form 2 bonds.

3.  Carbon can form large, complex molecules because it can form a maximum of ______.	B2.2A
one bond with oxygen atoms
two bonds with oxygen atoms
three bonds with other carbon atoms
four bonds with other carbon atoms

Refer to the set of lettered choices below.  Select the one lettered choice that best fits each statement.  A choice may be used once, more than once, or not at all. B2.2B/2.C/2.D/2.E   
Lipids						 
Carbohydrates
Proteins
Nucleic Acids
(Use these choices for questions 4-12)

4.  Amino acids are the structural units of these.  

5.  Examples of these macromolecules include sugars and starches.

These macromolecules function in energy storage and membrane formation.

Which organic molecule is a polymer of nucleotides?

Which type(s) of the macromolecules contain C (carbon), H (hydrogen), O (oxygen), N (nitrogen) and sometimes S (sulfur)?

Which types(s) of the macromolecules contain C (carbon), H (hydrogen) and O (oxygen)?

 Typical shapes of these macromolecules include helixes and pleated sheets.  

These are formed by the dehydration synthesis of three fatty acids and glycerol.  

C6H12O6 is a common formula for this.   

You are given four test tubes containing purified biological macromolecules.  The test tubes are unlabeled except for a number between 1 and 4.  You are told that one test tube contains a protein, one contains a lipid, one contains a carbohydrate, and one contains a nucleic acid.  You then perform some tests on the macromolecules and collect the following information:     B2.2C
The contents of test tube #1 can be broken down into subunits that are all exactly identical to each other.
The macromolecule in test tube #2 is found to have a globular shape.	
The contents of test tube #3 are not soluble in water, but the contents of the other test tubes are soluble in water. 
Test tubes #2 and #4 contain nitrogen, but the other tubes do not.
  
Identify which macromolecule is in each test tube, and explain your answer in the space below.  


References:
Michigan Department of Education, Biology High School Content Expectations, www.michigan.gov/mde
Assessment Item Listing: Modern Biology (2002), pg.25 Problem 1:  Holt, Rinehart and Winston; New York
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Make a Bouncing Polymer Ball - Introduction and Materials
Introduction 
Balls have been toys practically forever, but the bouncing ball is a more recent innovation. Bouncing balls were originally made of natural rubber, though now bouncing balls can be made of plastics and other polymers or even treated leather. You can use chemistry to make your own bouncing ball. Once you understand the basic technique, you can alter the recipe for the ball to see how the chemical composition affects the bounciness of the ball, as well as other characteristics. 
The bouncing ball in this activity is made from a polymer. Polymers are molecules made up of repeating chemical units. Glue contains the polymer polyvinyl acetate (PVA), which cross-links to itself when reacted with borax. 
Bouncing Polymer Ball Materials 
borax (found in the laundry section of the store) 
cornstarch (found in the baking section of the store) 
white glue (e.g., Elmer's glue - look for it in the school supplies section) 
warm water 
measuring spoons 
spoon or craft stick to stir the mixture 
2 small plastic cups or other containers for mixing 
marking pen 
watch with a second hand 
metric ruler 
zip-lock plastic baggie 

Make a Bouncing Polymer Ball - Procedure
Procedure 
You and partner need to make the ‘Borax Solution’ together.  Label a cup with BORAX SOLUTION. Both of you will use this solution to make your bouncy ball.
Individually, you need to label the other cup BALL MIXTURE.  Each student will have a cup for their ball mixure.
Working together- pour 2 tablespoons of warm water (8 spoonfuls) and ½ teaspoon (half a spoonful) of the borax powder into the cup labeled ‘BORAX SOLUTION’.
Now, on your own pour 1 tablespoon of glue (8 spoonfuls) into the ‘Ball Mixture’ cup.  Add ½ teaspoon (half a spoonful) of the borax solution you just made with your partner.  Add 1 tablespoon (8 spoonfuls) of cornstarch.  DO NOT STIR!  Allow the ingredients to interact on their own for 10-15 seconds and then stir them together to fully mix.  Once the mixture becomes impossible to stir, take it out of the cup and start molding the ball with your hands.
The ball will start out sticky and messy, but it will solidify as you knead it!  Once the ball is less sticky, you can go ahead and bounce it. Store the ball in your Ziploc bag when you are finished playing with it.  IF FOUND ANYWHERE IN THE SCHOOL, ALL PRIVELAGES OF UNIQUE ACTIVITIES WILL BE TAKEN AWAY!  
WASH YOUR AREA, UTENSILS AND HANDS.

1.  What process did the simple molecules go through to form a polymer?

2.  As these bonds are being made, what is going on with the energy of the molecule?

3.  Make an educated guess and support your answer.  How much of an impact do polymers have on life on Earth?


4.  Describe the relationship of a monomer and a polymer?

Name:_________________________
[bookmark: _Toc106958422]Identifying Categories of Biological Molecules

Studying science is in many ways like piecing together a puzzle.  For this reason, pattern matching is an important skill.  Biologists are constantly looking for significant patterns in nature.  Even biological molecules are pattern matchers.  You will be sorting basic building blocks (subunits) of macromolecules in living things, looking for these so called patterns.  Do NOT refer to your books during this exercise.  Use your judgment in doing the sorting.

PART 1:
Cut each page of molecules along the dividing lines to produce 9 cards per page for the first four pages and 6 cards on the fifth for a total of 42 cards.
Organize the 42 cards into groups based upon structural similarities.  Pay special attention to:
The elements (CHNOPS) in the molecule
The shape of the molecule
Patterns within the molecule
The ends of the molecules

In the table on the back, describe each group of molecules and its distinguishing features.  You will probably have 5 to 11 or so categories.  This table provides spaces for up to eleven types. (It is not however necessary to make 11 groups)

Ignore the last column, “type of molecules” until you are told to go back and do so.

PART 2:
Do the following after you learn more about each macromolecule.
Revisit your table and label the last column for your molecules with what  
      macromolecule they most represented.
Take your 42 cards and do the following:
a. Write the name of the category of organic molecule each    
          one represents.
b. Add which of the 6 common elements of living organisms is found on the  
     molecule 
             c.  Identify the main clue that allowed you to identify the molecule
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http://www.biologylessons.sdsu.edu/classes/lab6/index.html
Organic Molecules I
(Five Pages)
Cut these five sheets into cards


[image: H3N]
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[image: HO]
[image: ----------------------------------------------------------------------]
Organic Molecules II
(Five Pages Identical to Previous Ones)
Save these sheets in your notebook for future use.


[image: H3N]
[image: H]
[image: HO]
[image: ----------------------------------------------------------------------]
Organic Molecules III
(Five Pages Identical to Previous Ones But With Names Added For Reference)
Save these sheets in your notebook for future use.
[image: HCH2]
[image: HOside2]
[image: H3N2]
[image: H2]
[image: HO2]
http://www.biologylessons.sdsu.edu/classes/lab6/index.html
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The Biochemical Guessing Game!
BACKGROUND:
The foods you eat are made of organic compounds. You can perform chemical tests to learn what foods contain carbohydrates, lipids, and/or proteins. 
MATERIALS: 
8 test tubes, test-tube rack, lab apron, stirring rod, masking tape, plastic gloves, test-tube holder, pencil, safety goggles
Food substances: apple juice, melted butter, raw potato, cereal, fish
PROCEDURE:
Predict the compound found in greatest concentration for each food in the table below.
Prediction Table
	FOOD 
	LIPIDS 
	PROTEINS
	STARCH
	SUGAR 

	MELTED BUTTER 
	 
	 
	 
	 

	FISH
	 
	 
	 
	 

	APPLE JUICE
	 
	 
	 
	 

	RAW POTATO
	 
	 
	 
	 

	CEREAL
	 
	 
	 
	 

	WATER 
	 
	 
	 
	 


2.	Read all the directions for this activity before you begin your work. 
3.	Put on your safety goggles, lab apron, and plastic gloves. 
4.	Put 9 test tubes in your test-tube rack. Label each test tube by putting masking tape near the top edge of the test tube. Use a pencil to write one of the food substances on each label. Mark the 9th test tube water. The water is your control. What is the control?
PART I:
Testing for Carbohydrates (STARCH) 
1.	Use a medicine dropper to put ~10 drops of each food in the test tube with the matching label. Add 3-4 drops of Lugol's solution (iodine) to each test tube. 
2.	Starch is one form of carbohydrate. If the substance in your test tube contains starch, it will turn a blue-black color when it mixes with the iodine solution. 
3.	Observe the contents of your test tubes and Record the amount of starch present (0, 1, 2, 3, 4) in your data chart. The food which contains the most starch should be recorded as 4.  The one with the least should be recorded as 0.  Empty and wash each test tube and return it to your test tube rack. 
	Starch
	Water
	Fish
	Potato
	Cereal
	Apple Juice
	Melted Butter

	Color
	
	
	
	
	
	

	Amount
	
	
	
	
	
	

	Starch
	Popcorn
	Unknown
	
	
	
	

	Color
	
	
	
	
	
	

	Amount
	
	
	
	
	
	



Empty and wash each test tube and return it to your test tube rack.


Which food contained the most starch?




PART II: 
Testing for Carbohydrates (SUGAR) 
1.	Use a medicine dropper to put ~10 drops of each food into the test tube with the matching label. Add 10 drops of Benedict's solution to each test tube. CAUTION: Benedict’s solution is poisonous. Do not get any in your mouth and do not swallow any! 
2.	Use a test-tube holder to carefully place the test tubes in the hot water bath your teacher has prepared. Heat the test tubes for 2 to 3 minutes. CAUTION: Use a test-tube holder to handle hot test tubes. Point the open end of a test tube away from yourself and others. 
3.	Use a test -tube holder to return the hot test tubes to the test-tube rack. If the substance in your test tube contains sugar, Benedict's solution will change color. 
                 Appearance of Substance after Adding Benedict's Solution
	Amount of Sugar in Food 
	0 
	1
	2 
	3

	Color 
	blue
	blue-green 
	yellow/green 
	orange/red


4.	Observe your test tubes (using white paper as a background). Record the amount of sugar present, in your data table.   ORGANGE/RED color indicates the most sugar!
5.	Empty your test tubes, clean them thoroughly, and return them to the test tube rack. 

	Sugar
	Water
	Fish
	Potato
	Cereal
	Apple Juice
	Melted Butter

	Color
	
	
	
	
	
	

	Amount
	
	
	
	
	
	

	Sugar
	Popcorn
	Unknown
	
	
	
	

	Color
	
	
	
	
	
	

	Amount
	
	
	
	
	
	



PART III: TESTING FOR LIPIDS 
1.	Use a medicine dropper to put ~1 drop of each food onto the newsprint. 
	a. 	The less transparent the food drop is the greater the concentration of lipids in the food. 
2.	Observe and compare/contrast the translucence of each food substance. Record the information, in order of translucence (0, 1, 2, 3, 4) in your data chart. The food which contains the most lipids should be recorded as 4.  The one with the least should be recorded as 0.
	Lipids
	Water
	Fish
	Potato
	Cereal
	Apple Juice
	Melted Butter

	Translucence
	
	
	
	
	
	

	Lipids
	Popcorn
	Unknown

	
	
	
	

	Translucence
	
	
	
	
	
	





PART IV: TESTING FOR PROTEIN 
1.	Use a medicine dropper to put ~10 drops of each food on the test tube with the matching label. Use a medicine dropper to carefully add 10 drops of Biuret reagent to each test tube. CAUTION: Biuret reagent can burn your skin. Wash off spills and splashes immediately with plenty of water while calling to your teacher. 
2.	Observe the contents of each test tube (using white paper as a background). If the food contains proteins, it will turn a pinkish purple. Record the amount (0, 1, 2, 3, 4) of protein for each food substance in your data table. The food which contains the most protein should be recorded as 4. The darker the color the greater the concentration of protein. 
3.	Empty the test tubes and clean them thoroughly. Before leaving the laboratory, clean up all materials and wash your hands thoroughly. 

	Proteins
	Water
	Fish
	Potato
	Cereal
	Apple Juice
	Melted Butter

	Color
	
	
	
	
	
	

	Amount
	
	
	
	
	
	

	Proteins
	Popcorn
	Unknown
	
	
	
	

	Color
	
	
	
	
	
	

	Amount
	
	
	
	
	
	



CONCLUSION QUESTIONS:
1.	Which compound is most common in foods that come from plants? Which compound is most common in foods that come from animals? 


2.	Does water contain any of the organic compounds you tested? Explain why water was used as the control.


 
3.	Out of the foods that tested for fat, which ones would you want in your diet for healthy eating and why?   



Which foods tested would your body use for a quick burst of energy? For energy when no carbohydrates are available? Why is this used second? (Think of bonding)





5.	Which macromolecule is used to build body parts?

6.   What key elements and structural components would melted butter have?  (If you 	would like to sketch a picture to help explain…go for it)




7.   What key elements and structural components would fish have?



8.  What key elements and structural components would apple juice have?



9.   Juices and potatoes are in the same organic family, but what is the big difference 	between the sugar based juice and the starch based potato?  (Think structure wise)



10.  What would this structural difference, from question 9, have an effect on?




11.   What are the monomers for each macromolecule (polymer)?
		Proteins:
		Lipids:
		Carbohydrates:  sugars - 
				  starches -

12.	  Explain the monomer/polymer relationship in nucleic acids. 
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