Name _________________________________________ Date _________________ Period _____

Proteins and Other Macromolecules Webquest
Today you will dive head first into the molecular world! You will get to learn about proteins and other macromolecules’ molecular structure and function as well as be able to manipulate them with your mouse.  To begin this journey, type the following URL address into Google:  

http://www.umass.edu/molvis/bme3d/materials/explore.html
Below is some background information about how the website is organized:

· Guided Tutorials are presentations that use animations and text to explain the structure and function of a specific molecule.  

· FirstGlance in Jmol is software that displays a molecular structure in 3D and helps you to explore it; 

· Biomodel presents an overview of several important classes of biomolecules, such as carbohydrates, lipids, nucleic acids, and proteins.  
· Animations are movies that highlight one or more specific aspects of a molecular structure. The structure can be manipulated in 3d using the mouse at any time during the movie.
1. Let us begin!  Click on Proteins in the “Quick Links” box in the right hand corner.

2. Read the “Proteins” section in white and answer the following questions.

a.  How many amino acids comprise the building blocks of proteins?
b. How do amino acids differ from one another?
3. Click on “Protein Structure” in the yellow box. In the box on the right hand side of the screen, click on a. Amino acids under the heading 4. Proteins, Primary Structure:
a. What is the general structure of all amino acids?

b. What does the “R” represent? Why is it important?

c. Amino acids are classified into 5 groups.  What are they?

d. Click on other macromolecules (lipids, carbohydrates and nucleic acids) and explore their structures.  Choose TWO of each type of macromolecule to draw and label.
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What are the major structural differences between the 4 macromolecules?

1. Lipids:

2. Proteins:

3. Nucleic Acid:

4. Carbohydrates:

How do you think these structural differences relate to their specific function?

4. Click on “Back to the Index” and click on “Peptides”

a. Two amino acids can link covalently by an amide bond, called _____________________.
b. This bond is formed when the alpha ______________ group of an amino acid reacts with the alpha ___________group of the other amino acid, releasing a ____________ molecule. For example, three amino acids can join in a _______________ or many amino acids can join to form ________________________________.
5. Click on the X Lys-Ala-Ile tripeptide and “check” the boxes corresponding to “Color as in the above formula” and “Color backbone and sidechains”.  Observe what happens.

6. Click on “back to the index”.  Then click on “Secondary structure: Alpha helix”.  Click on the X’s and see the helix in different representations.  The helix is stabilized by ___________ bonds.  You can manipulate the molecule with your mouse.  Look at the different AA that make up the helix in addition to its side chains.  

Which view best suits you?  Why?

7. Click on “back to the index”. Then click on “Secondary structure: Beta strand”. Click on the X’s and see the helix in different representations.  How can beta strands associate with one another? ______________________________. 

In models for large proteins, the portions with beta strand conformation are usually rendered in a simplified form as a ______________________________(this pointing towards the C-terminal end).

8. Click on “back to the index”. Then click on “Tertiary structure”. The three-dimensional structure of a protein is a combination of what? _________________________________________________________________________________________.

As an example, look at the protein lysozyme, which has a tertiary structure composed of _____________________________.

Look at the different representations and manipulate the models.

9. Click on “back to the index”. Then click on “Quarternary structure, Hemoglobin”.  
A typical example is _________________________ which is formed by 4 globin subunits: ______________________________.

You can change rendering to ribbons or rockets . Observe that most of the molecule has a secondary structure in _______________________ and there are no ____________________________.

Each globin subunit has an ______________ group bound.  What makes blood red?_________________________________

________________________________________________________________________________________________

Click in this order: X 1) for a close view of a heme group. X 2) Let's put the iron atom in its real size . Observe the ________  shape of heme. X 3) In the lungs, where oxygen does oxygen bind to? _________________________. Later, it will be released in the ____________________ where oxygen is needed for metabolism. 4)  Where does iron also bind to?______________.

Return to the BioMolecular Explorer 3D: Explore the Molecule: http://www.umass.edu/molvis/bme3d/materials/explore.html
Click on each of the proteins below found in the “Quick Links” section.  Select the specific protein to explore, then answer the questions in the boxes below.  Make sure and look at the different representations of each protein and manipulate it using your mouse.  Also, if there is an animation, make sure to have a look at it!  

	Protein Name and Draw protein in “Cartoon Form”


	Where is the protein found? What does it do?
	Describe the overall structure of the protein.  Specifically, what is the secondary structure made up of? (helices or beta sheets or both) 
	How does the proteins’ structure RELATE to its ability to function?
	What happens if there is a mutation in the amino acid sequence? 

	Collagen


	
	
	
	

	Antibody


	
	
	
	

	Hemoglobin
	
	
	
	

	HIV Protease
	
	
	
	

	Lactase
	
	
	
	

	Myosin
	
	
	
	


Protein Discovery Project

Proteins, the most structurally sophisticated molecules known, account for more than 50% of the dry mass of most cells.  They are instrumental in almost everything organisms do.  A human has tens of thousands of different proteins, each with a specific structure and function.  Your mission is to thoroughly investigate one protein within the group of proteins that I assign to you/your group.

The information you will need to find about your protein is:

1. Where is the protein found?

2. In what kinds of organisms is the protein found?      

3. What is the protein’s function?

4. What is the overall structure of the protein?  What is its secondary structure made up of? (helices or beta sheets or both)

5. How does the protein’s structure relate to its ability to function?

6. How do mutations occur in the protein?  What is a common mutation?

7. What are the consequences of a mutation? (i.e. what happens in the body)

8. Any other interesting things facts about your protein?

You and your group will be presenting the above information in either the form of a melodramatic skit or an informational story with props. There is a tidy structure to melodrama: a villain poses a threat, the hero escapes the threat (or rescues the heroine) and there is a happy ending.   In your protein’s case, a mutant is the villain and your protein is the hero or heroine (the main good female character).  

An example of a Story w/ Prop:  Collagen, 

Prop is spaghetti 

The Tale of the Egotistical Collagen

Now listen up, I am here today to tell you just how fabulous I am.  Did you know I’m the most abundant protein in mammals, accounting for 25% of their total protein weight?

I might look skinny, but my long and fibrous peptides have a tensile strength by weight approaching that of steel.  I am an extremely important protein, providing the structural framework for cells (ECM), blood vessels and most organs. I also make up bones, tendons, ligaments, skin, teeth and cartilage.  I have an attractive cylindrical rod shaped ~300nm long, 1.5 nm in diameter.

Each one of my molecules contains 3 left-handed helices twisted together into a beautiful and flawless right-handed coil.  

And I am stabilized by numerous hydrogen bonds, as most atoms desire to be around me for my dazzling structure.  As for my subunits, I am mostly made of amino acid repeats Gly-X-Y, where X and Y are a variety of amino acids.  When I’m in the Gly-Pro-Hyp configuration, I am the most thermally stable. Beauty does come at a cost as my subunit Glycine is very picky and is required at every 3rd position.  It desires to be at the interior of the helix.   

Occasionally, terrible things happen and mutations (called the BBB- brittle bone brothers) threaten my ability to thrive.  The BBB come after me in a jealous rage causing my backbone to become weak and brittle.  If these terrible mutations are successful, and my amino acid sequence is altered, my owner can get a disease called Osteogenisis Imperfecta.  Approximately 1 in every 28, 500 humans can get Osteogenisis imperfecta causing insufficient quantities of collagen to be produced.  The horror begins when a human breaks bones easily and cannot live a normal life.  Such was the case of Mr. Glass in the movie Unbreakable.  Oh how that movie made me cry! 

You must have one or more props and be in character throughout the presentation.  Also, your group  must turn in one copy of the WRITTEN form of your story including REFERENCES (10 points possible).  

Proteins List

 Transport Proteins- globular carrier molecules

1. Cytochromes: electron carrier proteins that operate in the electron transport chain, which is part of the respiration process.

2. Serum albumin: transports water-insoluble lipids in the bloodstream.

3. Myoglobin:  functions in muscle tissue, taking oxygen from the hemoglobin in the blood and storing it or carrying it around until needed by the muscle cells.

Structural Proteins- fibrous support molecules

1. Keratin: forms the protective covering of all land vertebrates: skin, fur, hair, wool, claws, nails, hooves, horns, scales, beaks and feathers.  
2. Lamin: support the cell nucleus.
3. Elastin: elastic protein found in connective tissue.
Motor Proteins

1. Actin and Myosin: contractile proteins that make up muscle tissue.

2. Kinesin and Dynein: transports cargo about a cell by walking along microtubule tracks.
Messenger Proteins- small proteins used for cell communication

1. Oxytocin: occurs in females and stimulates uterine contractions during childbirth.

2. Human Growth Hormone: stimulates growth and cell reproduction.

3. Leptin: helps regulate appetite and metabolism.

Enzyme Proteins- catalyzes reactions

1. Amylase: breaks down starch into glucose molecules.

2. Pepsin: breaks down food proteins in the stomach.

3. Alcohol Dehydrogenase: breaks down alcohols.

4. DNA Polymerase: assists DNA in replication.
Protein Demonstration Rubric (Points Possible = 20)
	CATEGORY
	4
	3
	2
	1

	Presentation/Group Participation
	Explanations by ALL group members indicate a clear and accurate understanding of scientific principles underlying the skit or prop(s) used.
	Explanations by ALL group members indicate a relatively accurate understanding of scientific principles underlying the skit or prop(s) used. 
	Explanations by most group members indicate relatively accurate understanding of scientific principles underlying the skit or prop(s) used.
	Explanations by one member of the group illustrates some understanding of scientific principles underlying the skit or prop(s) used.

	Information Accuracy and Detail 
	Detailed and accurate information taken from several sources.  All questions were answered.
	Relatively accurate information and detail taken from a couple reliable sources.  Most questions were answered.
	Accurate information taken from a couple sources, but not reliable, not detailed. Few questions were answered.
	Information taken from only one source and/or information not accurate or detailed. Few questions were answered.

	Materials   
	Appropriate materials were selected and creatively used.
	Appropriate materials were selected and there was an attempt at being creative.
	Appropriate materials were selected, but there is little creativity.
	Poor use of materials.  (Looks like you worked on the project for 5 min.)

	Storyline   
	Great care taken in skit creation so that the storyline is engaging, informative and organized.
	 Storyline is somewhat engaging, but is informative and fairly organized. 
	 Storyline is dull, and the information is confusing.
	Everyone is falling asleep and the story is disorganized.

	Structure/Function

Relationship    
	Structure/ function relationships are extraordinary and obvious from the skit/props
	Structure/ functions relationships are average.
	Structure/ functions relationship are a stretch and you cannot identify from the skit/props.
	No structure/functions relationship made.


	Name the protein  and describe the props used to demonstrate the structure and function.


	Where is the protein found? What does it do?
	Describe the overall structure of the protein.  Specifically, what is the secondary structure made up of? (helices or beta sheets) 
	How does the proteins’ structure RELATE to its ability to function?
	What happens if there is a mutation? How does the skit/prop demonstrate this? 
	Was the story creative? What was demonstrated well? What needs improvement?

	
	
	
	
	
	

	
	
	
	
	
	

	 
	
	
	
	
	


Protein Demonstration Rubric

Students Names:     ______________________________________            Total Score

	CATEGORY
	4
	3
	2
	1

	Presentation/Group Participation______ 
	Explanations by ALL group members indicate a clear and accurate understanding of scientific principles underlying the skit or prop(s) used.
	Explanations by ALL group members indicate a relatively accurate understanding of scientific principles underlying the skit or prop(s) used. 
	Explanations by most group members indicate relatively accurate understanding of scientific principles underlying the skit or prop(s) used.
	Explanations by one member of the group illustrates some understanding of scientific principles underlying the skit or prop(s) used.

	Information Accuracy and Detail ______
	Detailed and accurate information taken from several sources.  All questions were answered.
	Relatively accurate information and detail taken from a couple reliable sources.  Most questions were answered.
	Accurate information taken from a couple sources, but not reliable, not detailed. Few questions were answered.
	Information taken from only one source and/or information not accurate or detailed. Few questions were answered.

	Materials  ______
	Appropriate materials were selected and creatively used.
	Appropriate materials were selected and there was an attempt at being creative.
	Appropriate materials were selected, but there is little creativity.
	Poor use of materials.  (Looks like you worked on the project for 5 min.)

	Storyline  ______
	Great care taken in skit creation so that the storyline is engaging, informative and organized.
	 Storyline is somewhat engaging, but is informative and fairly organized. 
	 Storyline is dull, and the information is confusing.
	Everyone is falling asleep and the story is disorganized.

	Structure/Function

Relationship   _______
	Structure/ function relationships are extraordinary and obvious from the skit/props
	Structure/ functions relationships are average.
	Structure/ functions relationship are a stretch and you cannot identify from the skit/props.
	No structure/functions relationship made.


Protein Demonstration Rubric

Students Names:     ________________________________________                        Total Score

	CATEGORY
	4
	3
	2
	1

	Presentation/Group Participation______ 
	Explanations by ALL group members indicate a clear and accurate understanding of scientific principles underlying the skit or prop(s) used.
	Explanations by ALL group members indicate a relatively accurate understanding of scientific principles underlying the skit or prop(s) used. 
	Explanations by most group members indicate relatively accurate understanding of scientific principles underlying the skit or prop(s) used.
	Explanations by one member of the group illustrates some understanding of scientific principles underlying the skit or prop(s) used.

	Information Accuracy and Detail ______
	Detailed and accurate information taken from several sources.  All questions were answered.
	Relatively accurate information and detail taken from a couple reliable sources.  Most questions were answered.
	Accurate information taken from a couple sources, but not reliable, not detailed. Few questions were answered.
	Information taken from only one source and/or information not accurate or detailed. Few questions were answered.

	Materials  ______
	Appropriate materials were selected and creatively used.
	Appropriate materials were selected and there was an attempt at being creative.
	Appropriate materials were selected, but there is little creativity.
	Poor use of materials.  (Looks like you worked on the project for 5 min.)

	Storyline  ______
	Great care taken in skit creation so that the storyline is engaging, informative and organized.
	 Storyline is somewhat engaging, but is informative and fairly organized. 
	 Storyline is dull, and the information is confusing.
	Everyone is falling asleep and the story is disorganized.

	Structure/Function

Relationship   _______
	Structure/ function relationships are extraordinary and obvious from the skit/props
	Structure/ functions relationships are average.
	Structure/ functions relationship are a stretch and you cannot identify from the skit/props.
	No structure/functions relationship made.


Draw the general amino acid structure and LABEL:





Carbo Name _____________	





Lipid Name________________





Carbo Name_______________





Nucleic Acid 		         Name ______________	 





Nucleic Acid Name____________________





Lipid Name________________





  Name:_________________________________ Date:___________________Period:______














