Life Science Cells Are Us Interacting with the Outside World Activities


	
	Activity 1-Modeling the Structure of Protein
	


Teacher Instructions
This activity is designed to help students understand how a protein is constructed and how its structure is related to its function. Students will build a model of a protein. A protein’s shape, and ultimately its function, is determined by four levels of structure. Complete instructions can be found at: https://www.cabarrus.k12.nc.us/site/handlers/filedownload.ashx?moduleinstanceid=21698&dataid=32418&FileName=Protein%20Folding.pdf
Objective
After this activity, students should be able to:

· Model the three-dimensional structure of proteins
Materials:
Copy of Student Data Sheet
  Pipe cleaners

5-8 Pony beads per set up
  Pencils that can be used to coil pipe cleaners
Name: ____________________________________________Date: _______________       




      





 

	Activity 1 – Modeling the Structure of Protein



Adapted from: https://www.cabarrus.k12.nc.us/site/handlers/filedownload.ashx?moduleinstanceid=21698&dataid=32418&FileName=Protein%20Folding.pdf
Protein Folding Instructions

Background: Proteins are the molecules that carry out most of the cell’s day-to-day functions. While the DNA in the nucleus is "the boss" and controls the activities of the cell, it is the proteins that "do the work." In this activity you will examine the structure of proteins. 

Proteins are made from a chain of amino acids and are folded into a variety of shapes. A chain of amino acids is called a polypeptide chain. A protein may consist of one or more polypeptide chains. The shape of the protein will determine its function. 

Procedure: To help you understand how a protein is constructed and how its structure is related to its function, you and your lab partner(s) will build a model of a protein. A protein’s shape, and ultimately its function, is determined by four levels of structure. 

1. Take a pipe cleaner and some (5-8) beads and string the beads onto the pipe cleaner. (Leave a little of the pipe cleaner at each end free so that you can fold it back to prevent the beads from falling off.) The beads represent the amino acid sequence in a polypeptide that was specified by the DNA. 

 2. The secondary structure of a protein results when parts of the polypeptide coil or fold. Take your string of beads and either fold the strand back and forth accordion style, or coil it around your pencil to form a spiral, or do a little of both. You have now made the secondary structure. 

3. The third level of organization is called the tertiary structure and this is created when the folded, twisted chain of amino acids folds back on itself to form the overall shape of the polypeptide. Take your polypeptide chain and fold it so that the free ends meet. 

4. Many proteins are made of more than one polypeptide chain. Take your polypeptide chain and join it with the polypeptide chain of your lab partner and two or three other students. You now have a protein model that is demonstrating quaternary (4th level) structure. The shape of your molecule will determine its function. 

5. Straighten out your pipe-cleaner, remove the beads and put them back in the dish. Each color of bead represents one of the 20 possible amino acids: 

Red = methionine (met) 

Orange = leucine (leu) 

Yellow = cysteine (cys) 

Green = threonine (thr) 

Blue = glutamic acid (glu)

Analysis Questions:
1. Why are proteins such important molecules in living cells? 

2. If we use an analogy that compares a cell to a factory, why could DNA be called "the boss" and proteins be called the "the factory workers"? 

3. Why are proteins among the most diverse macromolecules (think about your protein molecule compared to the others in the class)? 

	
	Activity 2-Denaturing Protein
	


Teacher Instructions
Experiment designed by Dr. Nancy Ing, Texas A&M University
This activity will allow students to observe and understand protein denaturing. 
Background for Teacher:

From: https://www.mrgscience.com/uploads/2/0/7/9/20796234/protein_denaturation_lab.pdf
Proteins are polymers of amino acids. A typical protein may be composed of hundreds of amino acids. The R-groups of the amino acid may be nonpolar, polar, positively charged, or negatively charged. The primary structure of a protein is the sequence of amino acids, and the secondary and tertiary structures of proteins define the proteins folded state. This is called the native conformation and is usually the state in which the protein is most active and functional. Proteins are held in their native conformations by a combination of forces: hydrogen bonds, ionic interactions, disulfide bridges, and hydrophobic interactions. 

Changing the conformation of a protein either temporarily or permanently by disrupting these forces is called denaturation. Denaturation results in a loss of protein activity. Since the native conformation is usually the most water soluble, disrupting the secondary and tertiary structures causes changes in solubility and frequently results in the formation of a solid in the solution. Reagents or conditions that can cause denaturation are called denaturing agents; these include heat, pH changes, alcohol, and heavy metal salts.

In this activity, students will use heat as the denaturing agent.  Heat can supply kinetic energy to protein molecules, causing their atoms to vibrate more rapidly. This will disrupt relatively weak forces such as hydrogen bonds and hydrophobic interactions. The most common example is observed in cooking an egg. Heat is also used in sterilization to denature and hence destroy the enzymes in bacteria.

Objective
After this activity, students should be able to:

· Conduct an experiment to observe the denaturing of the protein of an egg white by heat 
Materials:

Eggs

Dishes to separate whites from yolks


Source of heat sufficient to cook egg white


Clear containers for water i.e. beaker, clear plastic cup
Name: ________________________________________________  Date:__________     



      





 

	Activity 2 – The Denaturing of Proteins



Introduction: Have you ever had to separate the yolk of an egg from the egg white for a recipe? Egg white consists mostly of a protein called albumin. In this experiment, you will test how denaturation of a protein (albumin from egg white) affects the protein's solubility (ability to dissolve) in water.
Instructions:
	[image: image1.png]


1. Carefully break an egg and pour out the white part into a dish, leaving the yellow yolk part behind. Be careful not to break the yolk. Do not get any egg yolk in dish.

2. Take a small fraction of the egg white and put it in a glass of water. What happens? Does it dissolve?
[image: image2.png]


3. Heat the egg white, which is mostly albumin protein, until it cooks. How does the appearance change?
4. Cut a small piece of the cooked egg white and put it in the same volume of water that you used in step 2 above. Does it dissolve?
Analysis: 
Why does heating cause a change in appearance? 
Why does heated egg white not dissolve? 
When you fry an egg, why does the white cook first before the yolk? 


	
	Activity 3 – Exploring the Effect of Amino Acids on Protein Structure

	


Teacher Instructions:
From: https://www.minipcr.com/wp-content/uploads/Protein-folding-LARP.pdf
In this activity, students will role play to make a folded protein from a polypeptide chain. Students will represent individual amino acids. Based on the chemical properties of the amino acids, the group must arrange themselves in a stable tertiary structure. 
Objective:

Model the structure of proteins and explore how amino acids affect that structure. 
Materials:

Printed cards with students’ amino acid assignment 
From: https://www.minipcr.com/wp-content/uploads/Protein-folding-LARP.pdf
Procedure:

Follow procedure at: https://www.minipcr.com/wp-content/uploads/Protein-folding-LARP.pdf
The PDF of this lab is also available at the PEER Website
