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MSOE Center for BioMolecular Modeling

  Tertiary and Quaternary Protein Structure Lesson
Draft for Field Test 9-29-2006 

Duration:  1-2 Class Periods

Concepts 


National Content Standard A:  Science as Inquiry

· Scientific explanations must adhere to criteria such as: a proposed explanation must be logically consistent; it must abide by the rules of evidence; it must be open to questions and possible modification; and it must be based on historical and current scientific knowledge.


National Content Standard C: Life Science Standards
· Students should understand the chemical basis of life.

· Inside the cell is a concentrated mixture of thousands of different molecules.

· Most cell functions involve chemical reactions.

· Smaller precursor molecules (subunits) can be used to assemble larger molecules with biological activity including proteins.


Lesson Objectives - Students will:
· Know that amino acids are the building blocks of proteins.

· Know there are 20 different amino acids.

· Know the sidechains (R-groups) on Amino Acids have important properties.  

They are either polar (hydrophilic) or non-polar (hydrophobic).

Polar ones can be acidic (have a negative charge), basic (have a positive charge) or are uncharged.  All nonpolar sidechains are uncharged.

 Cysteine has a unique importance. It can covalently bond to another cysteine.

· Develop predictions based on the properties of matter.

· Know that protein tertiary structure is created when the secondary structures fold and form bonds to stabilize the structure into a unique shape.

· Know that protein quaternary structure is two or more tertiary folded peptide subunits bonded together to make a functional protein.

Prerequisite Knowledge and Skills


Amino Acid Structure


Acids and Bases


Polar and Non-Polar (Refer to Water Kit Activities)


Bonding: Hydrogen, ionic, covalent


Protein primary and secondary structure

Materials


Physical model of a 7-amino acid polypeptide 


Physical model of beta-globin showing alpha carbon backbone


Assembled Molymod polypeptide from lesson 4


Assembled alpha helices/beta sheets from Lesson 5


3-D Molecular Designs Amino Acid Starter Kit©

Copies of the Reflection Sheet and Amino Acid List for each student
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Getting Started – For the Teacher


In lesson 4, students learned that the primary structure of a protein is its unique sequence of amino acids.  In Lesson 5, they learned that secondary structures are sections within a polypeptide that assume a recognizable shape such as the alpha helix and beta sheet.  Today your students will learn that tertiary structure is the total folded structure of one polypeptide.  They will understand that the chemical properties of the amino acid side chains cause the polypeptide to fold into a particular shape.  Therefore the primary sequence ultimately influences the tertiary structure. 




Review.  Review the relationships among various representations of polypeptides the students have encountered. Discuss how a Mini-Toober can represent the backbones of the Molymod polypeptide, the alpha helix, the beta sheet, and the plaster 7-amino acid peptide they have encountered in the past.  This is an important link from the previous material to the current lesson. Add the sidechains to the alpha helix and beta sheet models from Lesson 5.  Have students notice that the sidechains make each amino acid unique.


This lesson uses backbone models of beta-globin and hemoglobin.  If all of the sidechains were included in these models it would be impossible to see the protein structure. Therefore, scientists often use this type of simplified model. In the discussion today students will observe a physical model of beta-globin and make observations and ask questions.  If not noted by the students, guide them to notice that there is an inside and an outside to the structures – each is a three-dimensional folded structure.   Have them write this on their Reflection Sheet for the lesson and formulate questions as a class about the mechanisms that might cause this protein to assume this structure.  If the students have covered cell organelles previously, remind them that folding occurs as the protein is made and that this will likely occur in the endoplasmic reticulum (ER). Remind them that sugar-based molecules can be added after proteins are carried in lipid-covered baggies from the ER to the Golgi.  The addition of these molecules can also affect the optimal folded tertiary conformation.


Discussion Question 5 is designed to review some properties of matter.  The students will use their understanding of these properties as they investigate the forces that prompt proteins to fold.


Lesson 6 helps students understand how amino acid sidechain properties influence protein folding. All protein machines must fold precisely in order to function in living organisms. At the end of the lesson protein quaternary structure is introduced.  Quaternary structure is the total fold of two or more polypeptides subunits together.  Some protein machines are made of only one polypeptide while other protein machines are made of several polypeptide subunits folded together.  Quaternary structure will be studied more in lessons 7 and 9.

Note:  When scientists refer to a residue they mean a single amino acid sidechain in a polypeptide chain. Amino acid residues are numbered in the order they are translated. Residue 1 is always the first amino acid at the N-terminus.  In this way, scientists can refer to a number along the chain when describing particular amino acids within proteins.  For instance, the sixth amino acid (residue 6) in normal hemoglobin is glutamic acid.
Tertiary and Quaternary Protein Structure

 Whole Class Discussion:  What do Proteins look like?

Review 

1. Observe the 7-Amino acid polypeptide physical model, the Molymod peptide that you made in Lesson 4, and the alpha helix/beta sheet models you made in Lesson 5.   


Notice how the backbone can be represented by a Mini-Toober.


Notice that there is a bend at the alpha carbon.

New
2. Make half of a Mini-Toober into an alpha helix.

Create a beta sheet on the other half of the Mini-Toober.


Fold the whole Mini-Toober in half so the helix is on one side and the beta sheet is on the other.   


The sequence of amino acids along the polypeptide is primary structure.


The alpha helix and beta sheet are each secondary structures. 


The total shape of the entire polypeptide is called its tertiary structure.



3. The peptide bond does not freely rotate but other bonds are free to rotate within the  polypeptide. But remember, there are side chains attached.  How might amino acid sidechains affect rotations around those bonds?



Record your observations and questions on the Reflection Sheet.

4. Observe the backbone model of beta-globin.

Describe this protein model.  What is its tertiary structure?

Note that each bend represents an alpha carbon.  What other backbone atoms must be present between alpha carbons?  

5. Properties of Matter.  


Look at the following list:  Alcohol, oil, baking soda, vinegar, and water.



How would you describe the response of these chemicals to water?

6. Given that some side chains are similar to those chemicals, how might sidechains respond to water?  How might those responses affect protein folding?
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Background Information for Students


Proteins are not able to do their job inside living organisms as just a linear sequence of amino acids.  They are not yet functional when they have folded into secondary structures such as the alpha helix and beta sheet.  The chemical properties of their unique amino acid sequence cause polypeptides to fold into a precise shape.  The total folded shape of one polypeptide is protein tertiary structure.  Many polypeptides are functional proteins after they have folded into their unique tertiary structure.  Each protein is a precision machine.  Like a robot, it can do only one thing over and over.  Therefore it must have a precise structure. The protein folds in a watery environment.  The interactions of the protein’s sidechains with water influence the way the protein folds. (Refer to Lesson 3.)



Each R-group or sidechain of the 20 types of amino acids has a unique chemical structure.  These sidechains have chemical properties that influence protein folding in a watery environment.  The protein beta-globin (which is part of hemoglobin) and the protein myosin (involved in muscle movement) are different from each other because they have different sequences of amino acids with different chemical properties.  Each of these proteins has a precise tertiary structure or total folded shape.

The sidechain of each amino acid may be polar or nonpolar and therefore hydrophilic or hydrophobic.  You will learn about sidechains during this lesson. Notice that there are three ways that a sidechain can be polar.  


In this lesson the backbone of the polypeptide will be represented by a bendable Mini-Toober (shown in green below).  One can imagine that this represents the amine end, the alpha carbon and what is left of the carboxylic acid group of each amino acid in the polypeptide.  The N-terminus will be blue and the C-terminus will be red.  The sidechains (R-groups) will be represented by a simplified form of their chemical structure and magnetically attached to the Mini-Toober at the alpha carbon.



Directions: Work in pairs or small groups as you follow the directions on the Reflection Sheet.
Activity Report: Complete the Reflection Sheet individually.

Follow-up Assignment:  Complete the Homework Assignment Sheet.
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Reflection Sheet

Whole Class Discussion

1. The peptide bond does not freely rotate but the other bonds do.


What effect do you think that might have on the structure of the protein?


________________________________________________________


________________________________________________________

2. What is protein tertiary structure?


________________________________________________________


________________________________________________________

3. Describe the beta-globin physical model. 


________________________________________________________


________________________________________________________

4. Properties of Matter: How would you describe the response of these chemicals to water?

	Substance


	Reaction to Water

	Oil


	

	Baking Soda (Base)


	

	Vinegar (Acid)


	

	Alcohol


	


5. How might amino acid sidechains contribute to the structure of a protein?


________________________________________________________


________________________________________________________
Protein Folding Activity

6. Use the Amino Acid List to identify the amino acid sidechain models from the Amino Acid Starter Kit. Place colored dots on the gray-colored side of each sidechain to color code the atoms:

Carbon is Gray

Oxygen is Red

Sulfur is Yellow
Nitrogen is Blue

Hydrogen is White
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7. Place the amino acid sidechain models in the correct place on the large magnetic circle according to the chemical properties of each amino acid.  


Note that the circle is divided into hydrophobic (non-polar) and hydrophilic (polar) sidechains.  

Also notice that the central area fades from yellow to white since it includes amino acids that are both somewhat non-polar (yellow) and somewhat non-polar (white).


Use the Amino Acid List to identify the sidechains and place them correctly on the circle.

8. Sidechain Properties:  Refer to the Amino Acid List.

a. How are hydrophobic (water-fearing) and hydrophilic (water-loving) side-chains different from each other in terms of  the kinds of atoms they contain? Describe the atoms found in each of the following types of sidechains:

            
Hydrophobic/non-polar  ________________________________________



Acidic/ Hydrophilic/ polar ______________________________________




Basic/ Hydrophilic/ polar _______________________________________



Uncharged/ Hydrophilic/ polar___________________________________

b. As you saw when you formed water molecules upon making a polypeptide (Lesson 4), water is found around the newly-made polypeptide chain.  



How do you think the hydrophobic side chains react to this aqueous (wet)


environment?


___________________________________________________________
___________________________________________________________
          

c. Acidic sidechains (R-groups) are negatively charged and basic sidechains are positively charged.  They also are hydrophilic (attracted to water).


      How do you think the acidic and basic sidechains will react to each other?
          
 
_______________________________________________​​​​_______


       How do you think the acidic sidechains will react to other acidic sidechains?



______________________________________________________


       How do you think the basic sidechains will react to other basic sidechains?



______________________________________________________

9. Place a blue end cap at one end of the Mini-Toober.  This is the N-terminus.

      Place a red end cap at the other end.  This is the C-terminus.

10. Evenly space 15 magnetic clips on the 4-foot Mini-Toober. These represent alpha carbons.
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11. Begin with the amino acid methionine and randomly add the following mixture of sidechains (R-groups) to the polypeptide represented by the Mini-Toober.  Put ONLY One side chain on each of the alpha carbons (Refer to the Amino Acid List).

6 Hydrophobic sidechains

2 Acidic sidechains
2 Basic sidechains


2 Cysteine sidechains
3 Polar sidechains (white)
12. List the amino acid sequence that you choose here using the letter abbreviated to stand for each amino acid (Refer to the Amino Acid List).


13. Make some rules about your sequence based on the amino acid properties. 


(Hint: some may fall into more than one category)


Which amino acids will try to avoid water by folding to the inside? (These are 
hydrophobic.)



____________________________________________


Which will seek water by folding to the outside? (These are hydrophilic.)



____________________________________________


Which will attract each other because they have different charges (acids/bases)?



____________________________________________


Which will repel each other because they have the same charges?



____________________________________________


Which amino acids will find each other to form a covalent disulfide bond?



____________________________________________

14. Following your rules, fold your polypeptide (Mini-Toober) into its tertiary structure.

Additional Rule: The Cysteine sidechains (R-groups) like to be next to each other. They can link by a strong covalent bond. 
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15. Some random sequences will be very hard to fold and still follow all the rules.  Some may not follow many of the rules.  Find a group who was able to fold their polypeptide (Mini-Toober) and completely follow all the rules.   Write the sequence of amino acids on their polypeptide (Mini-Toober) here. 



Check the properties of their amino acid sidechains to make sure they did not make 
mistakes.


Place amino acid sidechains on your Mini-Toober to make the same sequence of amino acids (polypeptide) as that successful group. 

Fold this polypeptide (Mini-Toober) without looking at how the other group  folded theirs and then compare the structure with the other group.


Was there more than one way to fold the same sequence so that it followed all the 
rules?    
________


Explain_________________________________________________________
__________________________________________________________________

16.  If no groups were able to fold their polypeptide Mini-Toober without breaking rules, change the order of your own sequence until you get a sequence that follows the rules.  Do this without unfolding the structure.  Just move the sidechains around.


When you get a correct sequence share it with another group to complete #15 
above.


Was there more than one way to fold the same sequence so that it followed all the 
rules?  
________


Explain_________________________________________________________
__________________________________________________________________

17. In Lesson 5 you built two secondary structures, an alpha helix and a beta sheet.

       The alpha helix that you built was the first alpha helix in the beta subunit of    

       hemoglobin.  That subunit is called beta-globin.  
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Many proteins are functional as protein machines in their tertiary folded structure.  But some are not.  For them, the final phase of assembly involves sticking together two or more folded polypeptides. 

The polypeptide subunits fold together to form a functional protein machine:

 


Hemoglobin has four polypeptide subunits, two alpha-globins and two beta-globins.  

       Note:  The use of the terms alpha-globin and beta-globin to designate the subunits may sound confusing. We made an alpha helix and a beta sheet.  The terms alpha and beta are used often in science to designate first and second.  So there can be both an alpha helix and an alpha-globin subunit.

18.  Scientists number the amino acids beginning with the N-terminus just as they were numbered in the diagram of the Mini-Toober you folded. Those numbers are called residue numbers. The N-terminus is the first amino acid that is put in place when the protein is made during a biological process called translation.  Each amino acid is then added one at a time until the sequence is complete.  The numbers allow researchers to easily refer to a specific amino acid residue in the chain. 

    
Use the folded Mini-Toober you just completed. 


Change one of the acidic amino acids in your sequence to glutamic acid.  If you 
already have a glutamic acid in your chain just leave it. 


Look up the properties of glutamic acid on the Amino Acid List.  



Is it polar or non-polar?  ________________



Hydrophilic or hydrophobic? __________________



Acidic, basic or neutral?  ________________

19. Sickle cell anemia is a disease caused by a single mutation in the gene that codes for beta-globin, a subunit of hemoglobin.  Amino Acid #6, glutamic acid, is replaced with another amino acid at that position.  The new amino acid is valine.  This mutation leads to sticky deformed red blood cells.


Replace the glutamic acid, residue 6, with valine on your Mini-Toober.


Look up the properties of valine.  



Is it polar or non-polar?  ________________



Hydrophilic or hydrophobic? __________________



Acidic, basic or neutral?  ________________
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How are the properties of glutamic acid and valine different?

__________________________________________________________________

__________________________________________________________________

20.  What effect do you think this change in amino acid sequence will have on the structure of the polypeptide?

__________________________________________________________________

__________________________________________________________________


How must you change the fold of your polypeptide (Mini-Toober) when valine 
replaces glutamic acid?   Do this and then describe.


__________________________________________________________________

__________________________________________________________________

Class Discussion at the end of the Lesson:

21. What are some rules of chemistry that determine the tertiary structure - the completely folded structure of one polypeptide? 

22.  Examine the physical model of hemoglobin.  How many polypeptide subunits folded together make the protein hemoglobin?  How many subunits are beta-globin?  How many subunits are alpha-globin?  

23. Pull off one beta-globin subunit (Gently separate the one connected by magnets).  What is the tertiary structure of beta-globin?

24. What does hemoglobin do?

25. What is the primary structure of hemoglobin?

26. What is the secondary structure of hemoglobin?

27. What is the tertiary structure of hemoglobin?

28. What is the quaternary structure of hemoglobin?
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Homework Assignment Sheet

A.  What is protein tertiary structure?

________________________________________________________________________

________________________________________________________________________

B.  Describe the properties of amino acids that influence protein folding:

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

C.  What is a protein subunit? 

________________________________________________________________________

D.  What is protein quaternary structure?

________________________________________________________________________

________________________________________________________________________

E.  Proteins are very special molecules.  Each type of protein has the ability to fold in the same way every time it is made.  This pattern is due to the properties of its unique sequence of amino acids. The folded structures of proteins are precisely connected to their function.  If a protein does not fold correctly it will not function in the way that is required. This precision protein machine will likely malfunction or not work at all.


When scientists study a protein they must first determine its primary structure – its sequence of amino acids. They use this sequence to predict the presence of any secondary structures.  Proteins are extremely large complex molecules and researchers use specific computer programs to make such predictions.  


From your experience folding polypeptides decide which sections of the following polypeptide will be on the inside of the molecule to avoid water or on the outside to interact with water: (Refer to the Amino Acid List.)



N-Term








           C-Term
	Glu
	Glu
	Lys
	Ser
	Ala
	Val
	Thr
	Ala
	Leu
	Trp
	Gly

	
	
	
	
	
	
	
	
	
	
	





Protein  Tertiary  Structure = 





Put          under the amino acid if it is folded to the inside.





Put          under the amino acid if it is folded to the outside. 
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Protein   Quaternary   Structure  = 
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the total fold of one polypeptide





Amino Acid Sidechains





the total fold of two or more polypeptides subunits folded together 








