RATIONAL DRUG DESIGN
STUDENT WORKSHEET
Follow the student instructions (in boxes) and answer the questions in this worksheet as you progress through each activity.

Designing a Diet Pill
1. Name some foods that have a high content of starch.

2. Choose from the list of words below to fill in the blanks for the following statements:

The enzyme amylase breaks down starch into disaccharide 
molecules called
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The enzyme maltase breaks down maltose into the monosaccharide
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Open the Cn3D file named ‘amylase’


3. How many alpha helices are there in this polypeptide?
4. How many beta sheets are there in this polypeptide?


5. What parts of the enzyme appear to be making up: 
(a) the entrance to the active site? 
(b) the active site?
6. Charged ions are often required to assist an enzyme to do its job. These ions are cofactors. Which cofactor seems to be involved in the functioning of amylase (is in the active site)?


7. Sugar units often form a ring shape. 

How many sugar units are there in the drug molecule (the larger molecule seen here)?


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


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

10. Explain how the drug shown interacting with amylase would help someone to lose weight.
11. Do you think the drug being designed to inhibit the action of amylase would block the active site of this enzyme reversibly or irreversibly? Explain your answer.

Saving Lives: Designing a Flu Drug
We take antibiotics to cure infection with bacteria. Antibiotics can work in a number of different ways: they can interfere with important bacterial enzymes or they might rupture bacterial cell membranes. We have probably all taken antibiotics at some time in our lives, but how many of us have taken anti-viral medications?

Viruses are non-cellular pathogens. They contain genetic information surrounded by an envelope.  Many proteins stick out from the surface of the envelope. Most of these proteins are very variable, because they are encoded by the viral genetic information which is constantly mutating.  One of the reasons that it is difficult to design drugs against viruses is because of their rapid mutation.  








We have learnt about protein structure and the importance of the haemagglutinin (H) and neuraminidase (N) proteins for the influenza virus.  The viral genetic sequence encoding the active sites of the H and N proteins is one of the few regions of the influenza genome that is conserved between influenza strains. If we wanted to try and design an anti-flu drug, interfering with the ability of the H and N proteins to bind to their human cell surface receptors would be a good strategy.

This is exactly what a group of researchers here in Australia have done.  

We are going to use the program Cn3D to look at the drug Zanamavir (marketed as Relenza) bound to the neuraminidase protein.   

Open the Cn3D file named ‘Neuraminidase’


12. Complete the following statement by circling the correct response. 

Neuraminidase protein is composed of random coils and alpha helices / beta sheets.

13. Locate a disulfide bond found in Neuraminidase. Double click on the two amino acids making up this bond. Find out the one letter code for the amino acids in this bond and then use the table below to find out the name of the amino acid. 

	1- letter code
	Name of amio acid
	3-letter code
	1- letter code
	Name of amio acid
	3-letter code

	G
	Glycine
	Gly
	P
	Proline
	Pro

	A
	Alanine
	Ala
	V
	Valine
	Val

	L
	Leucine
	Leu
	I
	Isoleucine
	Ile

	M
	Methionine
	Met
	C
	Cysteine
	Cys

	F
	Phenylalanine
	Phe
	Y
	Tyrosine
	Tyr

	W
	Tryptophan
	Trp
	H
	Histidine
	His

	K
	Lysine
	Lys
	R
	Arginine
	Arg

	Q
	Glutamine
	Gln
	N
	Asparagine
	Asn

	E
	Glutamic Acid
	Glu
	D
	Aspartic Acid
	Asp

	S
	Serine
	Ser
	T
	Threonine
	Thr


14. How many sugar groups are bound to Neuraminidase (do not include the drug molecule in this)?


15. The normal substrate that N acts on is called sialic acid. It enters the active site of N and is ‘stressed’ so bonds break cutting the virus free of the host cell so it can go off to infect more host cells. The drug you can see on your screen is Relenza. Sialic acid and Relenza are shown below. Circle any differences you can see on the Relenza drug molecule. These differences make it bind to the active site of N more strongly.
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16. Using the sequence alignment viewer, place your cursor over the amino acids that are now yellow and read their location in the protein chain. Record their location in the table below. When you have done this use the amino acid table on page 4 to find out the name of each amino acid.
Location and name of highlighted amino acids:
	Name of amino acid
	1-letter code
	Location
	Name of amino acid
	1-letter code
	Location

	1.
	
	
	5.
	
	

	2.
	
	
	6.
	
	

	3.
	
	
	7.
	
	

	4.
	
	
	8.
	
	


Check your answer: 
You should have 5 arginines (r), two glutamic acids (e) and one aspartic acid (d). 
There are also three non-charged amino acids in the active site that also bind with the drug. They are Tryptophan (w), Isoleucine (i) and Tyrosine (y). The uncharged molecules are grey.
17. What is the function of N for the flu virus?

18. Explain how the drug shown interacting with N stops the flu virus from spreading and infecting new host cells.

19. Would you design a drug to inhibit the action of N reversibly or irreversibly? Explain your answer.

20.  The region of N that cuts the flu virus away from receptors on the host cell surface is known as the “active site”. The genetic code of the influenza virus mutates rapidly to help influenza escape our immune system.  However, the regions of the genome that encode the “active site” are highly conserved.   Discuss specificity of the active site to describe why this might be?
Controlling Chronic Pain: Venoms for Drugs
Acetylcholine is sometime called the memory molecule. Why? Because it is needed to trigger a nerve impulse and our memories are generated by nerves in the brain. If you stimulate your brain you develop new dendrites, the branches connecting nerve cells in the brain. If you get stressed, you produce cortisol and this molecule causes the dendrites to shrivel up! So….use it or lose it is our brain motto. Let’s produce some dendrites…..
Acetycholine is also needed to make sure that nerve messages are fired around the body. If you put your hand on something hot messages are sent to your muscle cells so you will move your arm and remove the source of pain/danger. Sometimes we cannot remove the source of pain and this is known as chronic pain. Approximately 70% of us will be in chronic pain at some stage of our lives. Chronic pain is caused when nerves continually send messages to the brain but the source of pain cannot be removed. Causes of chronic pain include headache, back pain, joint pain and muscle pain. 
Scientists are looking at the concoction of proteins found in venom to locate new drugs to fight chronic pain. These proteins immobilise, kill &/or digest prey. Of particular interest are the molecules that inhibit the nerve pathways involved in chronic pain. To better understand how this can be achieved we must look more closely at nerve pathways.
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Think about the nerve pathway like a relay. The relay runner is a nerve impulse. The next relay runner can only start running if they receive a baton (signal molecule) from the last relay runner. 

Signals are generated along nerves when sodium ions move into an axon and potassium ions move out. We call this change in ion flow an impulse. When the impulse reaches the end of an axon, it causes calcium ion channels to open so Calcium ions move into the nerve terminus. This triggers the release of signalling molecules called neurotransmitters from the terminus. These neurotransmitters travel across the gaps between nerves (the synaptic junction) and bind with receptors on sodium ion channels found lining an adjacent neurone. This binding of neurotransmitters causes the ion channels to change shape so a pore forms. Sodium enters. If enough sodium ions enter, a nerve impulse is generated that moves along the axon of the new neuron. 

Toxic drugs from the venom of numerous animals often target the calcium and sodium ion channels, as blocking the flow of these ions into neurons causes nerve signals to be blocked. Usually the venom causes paralysis so the prey cannot move &/or dies. Scientists are looking at these drugs to block the signals that make us perceive chronic pain.

You will investigate the binding of conotoxins (toxic proteins extracted from cone shells) to the Acetylcholine Receptor. This receptor causes ion channels to open when acetylcholine binds, triggering an impulse along a nerve. The conotoxin inhibits opening of the ion channel.

Open the Cn3D file named ‘Ion channel with Neurotransmitter’

21. How many acetylcholine molecules are found binding with this molecule (this chemical causes the ion channel to open)?

22. How many parts make up this ion channel? (look for the different colours)
23. Rotate the molecule so you have an aerial view. Draw 2 quick sketches showing what it looks like from the side and from above. Indicate on each where transport of sodium ions would occur. 

24. Indicate on each sketch above where the acetylcholine binding site is located.


25. Would you expect negatively charged ions to be attracted to or repelled away from this ring of negatively charged amino acids? Explain your answer.

26. Outside the cell there is a soup of positive and negative ions and other chemicals. Explain how the structure of this ion channel would stop negative ions from moving through the pore and entering the cell.

27. How many disulfide bridges does each of these alpha-conotoxins have?


28. Quickly sketch each protein from the side showing the effect that binding of alpha-conotoxin exerts (NB/ Alpha-conotoxin changes the shape of the receptor protein so the pore in the ion channel won’t open. Our structure only shows the receptor, not the pore going through the cell membrane).


This change in receptor protein shape causes the ion channel pore to close.

Cone shells produce many toxins. The drug Professor Livett’s team are interested in is an alpha-conotoxin. Some alpha conotoxins kill and some don’t. It is important to test the drugs stringently prior to starting clinical trials. 

Killer conotoxins: We now know that the killer drugs have a loop of 3 amino acids and then 5 amino acids separated by a disulfide bond (3/5). These drugs target nicotinic Acethylcholine Receptors in muscles so the heart and diaphragm are affected adversely. 

Therapeutic conotoxins: Alpha conotoxins that have 4 amino acids and 7 amino acids separated by a disulfide bond ( 4/7), act on neuronal nicotinic Acetylchoine Receptors found in the sensory nerves. These drugs do not kill.

Look at the sequence for an  conotoxin shown below:
e c c n p a c g r h y s c x


Disulfide bonds form between two cysteine amino acids (c-c). We need to count the number of amino acids between these c’s. 

In the example above we have 3 and then 5 = (3/5 conotoxin). It’s a killer!


29. Write down the sequences of alpha-conotoxin A and alpha-conotoxin B below and determine the name you would use for each (i.e.?/? conotoxin)

30. Which of these two conotoxins would you choose to develop as a drug for blocking peripheral nerve pain? Explain.[image: image5.png]



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 a drug 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. Locate the Chloride ion found in the active site and double click on it.








‘H’ protein is needed for the virus to enter the host cell





Go to Show/Hide on the toolbar and select Show Everything. 


The Relenza drug is designed to ‘stick’ very strongly to amino acids in the active site of N. This means the drug blocks the active site, stopping N from doing its job. 





Your challenge is to determine the location of some of the amino acids in the active site. 








Go to Style on the toolbar and then select Rendering Shortcuts followed by Space Fill. Now go to Style again and then select Colouring Shortcuts followed by Charge.





Double click on the charged (blue or red) amino acids that are near the drug molecule. Double clicking on them turns them yellow. If you click on one that looks incorrect, simply double click on it again to remove the yellow colouring. Zoom in (z key) and out (x key) to help locate these amino acids and rotate the molecule to ensure you find them all.





Let’s see if these amino acids are all close together. Go to Show/Hide on the toolbar and select Show Selected Residues. If any look too far away, double click on them to deselect them.





N allows the flu virus to be cut away from host cells so they can go and infect new host cells. The structure of N that you are looking at has a drug molecule blocking its active site. Locate the drug blocking the active site and double click on it to make it yellow.





Go to Show/Hide and select Show Aligned Domains.








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








Move your mouse cursor onto the structure shown. Click and drag to look at this protein. There are strong bonds that help hold the 3D shape of proteins. They are called disulfide bonds. They are shown on your molecule in orange. 





As well as different ways of folding, proteins can also be modified by binding sugar groups. This is called “glycosylation”. The sugar groups are shown in grey, with the atoms in red and blue.





‘N’


Needed for virus to leave host cell





Move your mouse cursor onto the structure shown. Click and drag to look at this protein.





Go to Show/Hide and select Show Aligned Domains.





Go to Show/Hide on the toolbar and select Show Everything.





Let’s look at this molecule differently. Go to Style on the toolbar, select Rendering Shortcuts and then Space Fill. Now got to Style on the toolbar again. Select Colouring Shortcuts and then Molecule.





Let’s look at the charged and uncharged amino acids making up this molecule. Go to Style on the toolbar and select Colouring Shortcuts followed by Charge.





Get an aerial view of the molecule from the narrowest end. You should be able to see a ring of blue (negatively charged) amino acids. Place your cursor over each and double click using the left mouse button. This should make each amino acid yellow. If you click on a wrong one, simply double click on it again to remove the yellow colouring. Zoom in and out (z & x keys) and rotate the molecule around to help locate these amino acids.





Let’s see if these amino acids are all close together. Go to Show/Hide on the toolbar and select Show Selected Residues. If any look too far away, double click on them to deselect them.
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Open the files named alpha-conotoxin A and alpha-conotoxin B. Arrange them on your screen so you can see both at once.





Go to Show/Hide and select Show Everything. Go to Style and set the Rendering Shortcuts to Worms. Go to Style again and set the Colouring Shortcuts to Secondary Structure.





Go to the Sequence Alignment Viewer and click on Mouse Mode and Select Rows. Click on the peptides marked F – J holding down the control key on your keyboard as you select each. They should all be yellow.





Go to Show/Hide and click on Show Selected Residues. This shows you the alpha-conotoxin proteins.





Go to Show/Hide on the toolbar and select Show Everything. Let’s compare the two shapes of this receptor protein when different drugs bind with it. Open the file named ‘ion channel with drug’. This ion channel has a drug bound that keeps it in the closed state. Carefully rotate each keeping the green alpha helices at the top. Look at the shape of each protein. 








Open State





Closed State





Place cursor over highlighted amino acid (don’t click)





This will tell you the location of that amino acid in the protein chain





Relenza drug molecule blocking the active site of N





Yellow = Charged amino acids in the active site of the N protein. 





They were red and blue before you double clicked on them. 





‘N’ protein is needed to cut the virus away from the host cell





This is what your N will look like when you view it in Cn3D. The drug sitting in the active site is highlighted in yellow
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