BLAST-BC:  Building Lessons and Aligning Science Teaching – Battle Creek
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 designed for 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 and 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 Tinkertoysi 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

Photograph B
[image: ]
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).
[image: ]
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).
[image: ]        
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 subunits, 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:
[image: ]
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 are 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.  
Examples of these macromolecules include sugars and starches.

These macromolecules function in energy storage and membrane formation.

Which organic molecules is a polymer of nucleotides?

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

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

 Typical shapes of these include helixes and pleated sheets.  

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

C6H12O6 is a common formula for these.   

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.  
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