EXPLORING PROTEINS

STUDENT WORKSHEET 2
To complete this activity, you must have Cn3D installed on your computer. You can download this free application from the URL http://ncbi.nih.gov/Structure/CN3D/cn3d.shtml
READ THIS FIRST! – At any time you can click and drag on the protein structure to move it around. When viewing secondary structure in Cn3D, green arrows represent ‘alpha helices’, brown arrows represent ‘beta sheets’ and pale blue loops represent ‘random coils’.
EXPLORING HAEMOGLOBIN
Click the links on the Power Point to view haemoglobin in Cn3D
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Question 1. Would you describe this protein as being structural or globular? 

Question 2. Complete a rough sketch of the protein.


Question 3.  Is this protein largely composed of alpha helices or beta sheets?

Question 4. What is one of the import jobs of the blue loops in this protein?

Question 5. How many iron groups are there? 

Question 6. How many units are needed to make up a haemoglobin protein (they are in different colours)?

Question 7. You can see the iron groups nestled in the protein. This is where all the action happens in this protein so these areas are known as the active site. What is the molecule that binds with these iron groups?

Question 8. This protein works in the watery environment of your cells. Do you think there are more hydrophobic parts facing out of or in towards the centre in this protein?


Question 9. What animal does this haemoglobin come from?


Question 10. How many alpha helices (green arrows) are found in this unit of the haemoglobin protein?


Question 11.  How many alpha helices (green arrows) are found in this unit of the haemoglobin protein?

EXTENSION QUESTIONS:

1. Carbon monoxide, a molecule in cigarette smoke and car exhaust fumes, binds irreversibly with iron groups. What effect would this have on your red blood cells?

2. The gene for beta globin has 81 706 nucleotides in its code. Shown below are the first 120 nucleotides. Find nucleotides 117 – 119. 

    1  ggatcctcac atgagttcag tatataattg taacagaata aaaaatcaat tatgtattca

  61 agttgctagt   gtcttaagag gttcacattt  ttatctaact   gattatcaca  aaatacttc 

[image: image1]
i. Determine the codon that this triplet is copied into (the mRNA copy of DNA). 
ii. Now work out the amino acid this codon codes for using the codon wheel above (work from the centre outwards).
iii. Some people are born with the inherited disease Beta Thalassemia. One of the mutations that cause this disease is a substitution at nucleotide 117 in the beta globin gene, replacing C with A? What codon and amino acid does this result in?
iv. How would this affect your protein? 
You can check this on your molecule in Cn3D. Go to the sequence alignment viewer and select the first 38 amino acids in a beta globin by clicking and dragging using your mouse. The first 38 amino acids should be yellow. Look at the protein. The parts in yellow are the section of the polypeptide that would be expressed before the mutant stop codon is read. The polypeptide is said to be truncated or shortened. Now click on ‘Show/Hide’ in the protein toolbar and select ‘show selected residues’. This shows you the peptide produced in this thalassemia mutation. 
EXPLORING AMYLASE
Click the link on the Power Point to view amylase in Cn3D


Question 1. How many alpha helices are there in this polypeptide?

Question 2. How many beta sheets are there in this polypeptide (hint: count the blocks of brown amino acids in the sequence alignment viewer)?


Question 3. What parts of the enzyme appear to be making up: 
(a) The entrance to the active site (where the inhibitor molecule is cradled)? 
(b) The active site (near the chloride ion)?
Question 4. Charged ions are often required to assist an enzyme to do its job. These ions are cofactors. What cofactors are involved in the functioning of amylase?


Question 5. How many sugar units (rings) are there in the larger carbohydrate molecule seen (this inhibitor molecule is a drug designed to block the active site of amylase for use as a diet pill)?


Question 6. Do the hydrophobic amino acids (in brown) appear to be projecting into or out of this molecule for the most part? Suggest a reason for this observation.


Question 7. What is the total number of amino acids making up this enzyme?

Question 8. What organism was this enzyme found in, and what part of the organism?

Question 9. The large carbohydrate in this molecule is an inhibitor molecule. It stops the enzyme from breaking down starch. Double click on the inhibitor molecule to highlight it. Looking at the location of the inhibitor, how might it be exerting its effect?


Question 10. Which part of the molecule seems to be warmest?

Question 11. What does this tell you about the activity of the molecule in this area? Is it moving or rigid?

Question 12. Relate this to what you know about the induced fit model in enzymes.


Question 13. What amino acids are the bridges formed between?
EXTENSION QUESTIONS

1. Many plants have a natural inhibitor of this enzyme. For example, beans contain the inhibitor phaseolin. Why would they contain this inhibitor?

2. Use the information you have learned about this enzyme to recommend a method of making a diet pill for humans to use.

3. Amylase relies on the cofactors calcium and chloride to function efficiently. What parts of your diet could supply these ions?

4. Many organisms utilise the amylase enzyme to break down starch. While there are some differences in enzyme shape, there is one part of the enzyme that is generally conserved between species (the primary structure is the same). What region of the enzyme do you think would be conserved? Explain.
Check your answer by searching the NCBI website for amylase structures from barley; pig and another animal (use the last Power Point slide to get instructions on how to do this). Compare these structures.
EXPLORING COLLAGEN
Click the link on the Power Point to view collagen in Cn3D

Question 1. Draw this protein from the side and from above.

Question 2. Do you think this is a fibrous or a globular protein?


Question 3. How many strands or polypeptides make up collagen?

Question 4. There seems to be a pattern of repeated amino acids occurring regularly along each polypeptide. Write down what you think they are (do not include x at this stage. This is a modified amino acid).


Question 5. What is the location of these amino acids that are missing the pattern? 

Question 6. You can see shapes projecting from each pink polypeptide. What do you think these are?

Question 7. Draw the shape of these two amino acids and label the atoms in them.

Question 8. Are there any patterns you can see in the amino acid side groups projecting from the polypeptide? Explain.

Question 9. Arginine, an essential amino acid, has a positive charge on its side chain. Arginine is often found in the active sites of proteins that bind phosphorylated substrates. The collagen you’re looking at binds with the substrate integrin. This reaction is important for cells to bind together, for cell growth and differentiation.  Looking at your protein, what other amino acids might be important in this active site?

Question10. What amino acid residues are found in the most: 

hydrophobic part?



hydrophilic part?
Question 11. What is notable about the glycine residues when looking at their size and position in the molecule?
EXTENSION QUESTIONS
1. Collagen is a structural protein. It forms insoluble fibres that are extremely strong. You need 10kg to break a fibre 1mm thick! What might be contributing to the strength of this molecule compared to the other proteins you have researched (think about how rope is made)?
2. Each of the 3 strands in collagen contains about one thousand amino acid residues. Looking at the repeat sequence for this molecule, what would be the proportion of:

a. Glycine residues?

b. Prolilne residues?

NB. The average proportion in most proteins is 7.2% for glycine and 5.2% for proline. How does collagen compare to this?

3. The 3 strands in collagen wind around each other and are held in place by hydrogen bonds that form between Hydrogen atoms and Oxygen atoms in adjacent chains. The x in these amino acid sequences symbolises a specialised amino acid called 4-Hydroxyproline (Hyp). This amino acid is an adapted version of proline which is modified (an oxygen is added) when it is joined to a protein chain beside glycine. How do you think that this can help contribute to the strength of collagen? It may help to locate a Hyp residue on your molecule and label the atoms on the diagram of Hyp shown here.  NB. The red atom is important when answering this question.
4. Another type of collagen known as type I collagen is found in skin, tendon, bone and cornea tissue. An inherited disease called Osteogenesis imperfecta is caused by a lethal mutation (a single base substitution) in the gene for making the alpha chain for this collagen:

Pro    Gly   Pro   Arg   Gly    Arg   Thr   Gly   Asp   Ala

Healthy Gene
CCT GGT CCT CGC GGT CGC ACT GGT GAT GCT

Mutation:
CCT TGT CCT CGC GGT CGC ACT GGT GAT GCT

Find the mutation and draw a circle around the substituted nucleotide in the gene. Change the T’s to U’s and use your code wheel below to determine the effect of this mutation.


Move your mouse cursor onto the amylase structure shown. Click and drag the structure around to take a close look at it. The alpha helices are green, the beta sheets are brown and the random loops are blue.








Amylase catalyses the hydrolysis of starch molecules. It does this by removing one disaccharide at a time. The enzyme you are looking at has an inhibitor molecule blocking its active site. The active site is composed of a ring of beta sheets with a Cl- ion near its centre. Locate the active site and zoom in by clicking the ‘z’ key on your keyboard.








Go to Show/Hide on the toolbar and select Show Aligned Domains.








Go to Show/Hide on the toolbar and select Show Everything. Let’s look at a 3D view of the molecule. Go to Style on the toolbar and select Rendering Shortcuts and then Space Fill. Zoom out using the ‘x’ key on your keyboard.


Now lets look at the hydrophobic (water ‘hating’) areas of the molecule. Go to Style on the toolbar and select Coloring Shortcuts and select Hydrophobicity. You can now see the carbohydrate molecule nestled in the enzymes active site. 








1.8	Go to Style and Rendering Shortcuts and select Tubes. Look for disulfide bridges (a line connecting adjacent chains). These are important for maintaining shape of the enzyme. Double click on the amino acid either side of the bridge to check the amino acids forming these by looking in the sequence alignment viewer below. Find at least 3.











Move your cursor to sit over the 1XD1_A in the Sequence/Alignment Viewer box.








Go to the Toolbar and Select the Style menu. Go to Rendering shortcuts and Select Space fill. This gives you a 3D picture of the haemoglobin protein





Follow the steps in 1.1 to get the rendering shortcuts on worms.








Select Show/Hide from the menu and then click on Show Aligned Domains.


Use the View button to zoom in and out on these domains (or use the x and z key to zoom in and out).


Let’s look at their placement in the molecule.  Select Show/Hide from the menu and click on Show Everything.  Click on the Style Menu and select Colouring Shortcuts and then Molecule.  This will clearly show the heme groups interacting with each part of this protein. Now go to the View menu, select Animation, and then select Spin.  Stop it by following the same steps and clicking on stop rather than spin.





oxygen





Select Show/Hide and Show Everything. Now follow the steps in 1.11 to view INQP_B








Select style from the menu and click on Rendering shortcuts and then Space Fill. 





Highlight each of the iron groups by placing your cursor over them and double clicking. Select Style from the menu and click Colouring Shortcuts and then Hydrophobicity. The hydrophobic (water-hating) parts are brown and hydrophilic (water-loving) parts are blue.

















To look at the order of building blocks (amino acids) in each unit of haemoglobin, go to the Sequence/Alignment viewer, select Mouse Mode and then select Select Rows.


This now allows you to select any of the four rows below in the sequence/alignment viewer. When you highlight one of these rows, the corresponding amino acids in the protein will be highlighted in yellow.


Place your cursor over INQP_A through to D in turns to find the number of amino acids in the polypeptide being viewed and the organism it comes from.








Get the structure back on worms by selecting Style then Rendering shortcuts followed by Worms. Then select Style and Colouring shortcuts and Secondary Structure.





Let’s look at just one individual polypeptide. Highlight the INQP_A chain by clicking on the amino acid sequence for it. Select Show/Hide from the menu and click on Show Selected Domains.





Select Mouse Mode on the Sequence/Alignment Viewer toolbar and select Row. Highlight one row by clicking on it. 








Check your answer by going to View in the sequence/alignment viewer and Find Pattern.  Enter in your pattern choice and hit OK. 


There is only one disruption to the pattern in this segment of collagen. Check the location of these amino acids in the polypeptide by running your cursor over the amino acids in the sequence alignment viewer. The amino acid number comes up in the bottom left corner.








1.7	Go to Style and Rendering Shortcuts and select Worms. Under Style, go to Coloring Shortcuts and select Temperature. Red is warmer and blue/green is cooler. 





1.6	Check your answer by going to Style then Rendering Shortcuts and click on Toggle Side Chains. Repeat this step to get your amino acid side chains back. Click on the following amino acids in the Sequence/Alignment viewer to view their shape:	p	g





1.7	Go to the Sequence/Alignment viewer and click on Mouse Mode to select Rows. Click on the sequence for 1Q7D_A to highlight this polypeptide. Go to Show/Hide and select Show Aligned Domains.





1.8	Go to Show/Hide and click on Show Everything. Find the Arginine side group on this peptide. It has blue segments (nitrogen). Highlight it by double clicking on it. Do the same for all 3 polypeptides.





1.9	Go to the Style button and click on Rendering shortcuts and Space Fill. Then go to the style button, click on Colouring shortcuts and Hydrophobicity. Hydrophilic is blue and hydrophobic is brown. Deselect the arginine residues by double clicking on each one.








Go to style then rendering shortcuts to select ball and stick. Go to Style and then Colouring Shortcuts and select Element.


Red is oxygen, grey is carbon, and blue is nitrogen. No hydrogen molecules are shown as there would be too many and make things confusing.


Go to Style and then Colouring Shortcuts and select Aligned.
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