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Directions for making a molecular model of human p53, bound to the 
p21 DNA promoter sequence

p53 is an extremely important protein that protects our cells from becoming cancerous. 
It helps control how cells divide, and shuts down cells that are damaged. It is often 
called the guardian angel of the genome because it helps make sure that DNA does not 
become damaged or mutated. It accomplishes this goal through very complicated 
signaling networks that depend on multiple proteins binding to one another. One job of 
p53 is to bind to a specific DNA sequence called the p21 promoter sequence. By 
sticking to this DNA sequence, p53 helps turn on another protein, p21, which is also part 
of the network that protects cells from becoming cancerous. 

Be sure to save your PyMol session frequently in case you make a mistake!

1. Open a web browser and search for the Protein Data Bank or PDB.

2. In the Search Bar, type 3TS8, which is the pdb entry code for a crystal structure of 
human p53 tetramer bound to its target DNA sequence.

3. Click the blue Download Files button.

4. Select the PDB format.

5. Download the file, and find it in the computer’s downloads folder. You can also open 
the PyMol program and open the 3TS8.pdb file from downloads.

6. Show the amino acid and DNA sequences: In PyMol, select from the top menu 
bar: Display Sequence on

7. Use the scroll bar to explore to view the entire sequence, which includes amino 
acids of the four proteins and two DNA sequences, one for each strand of the DNA.  
DNA is indicated by DA DC DG and DT. residues. These are the 4 nucleotides that 
make up DNA. In the beginning of each amino acid sequence, there is also a zinc atom, 
ZN. p53 contains a zinc, which is connected to four amino acids.

8. Select and hide the whole object. At the bottom right, toggle the Selecting State to 
Objects. Left click either on the structure or the sequence to select all the atoms of the 
object. Right click, select hide, everything.

9a. Show the protein cartoon and bonds. Toggle the selecting state to “molecules”. 
Select (left click) all four p53 proteins. Now right click show, cartoon. With the whole 



object still selected, right click, show sticks. Now you can see all the amino acids that 
make it up.

10b. Show the DNA bonds and spheres. Scroll to the part of the sequence that 
contains letters like DA DC DG and DT. Select both of these sequences and show the 
sticks. If you want, you can also show the DNA’s spheres.

10. Change the color. You can now change the colors for each of the four p53 proteins 
and for the DNA. Right click and select a different color scheme. 

11. Show the zinc. Toggle Selecting State to Residues. This allows you to click on the 
sequence to select individual amino acid residues or atoms like the zinc, which are 
bound to the structure. Find and select the four zinc atoms and show them as spheres.

17. Show the surface Select all four p53 proteins (toggle to molecule) and show 
surface.

18. Change the transparency of the surface. At the top menu bar, select Setting, 
Transparency, Surface. Change the percentage to one of your choice. You can 
experiment with different transparencies. 

Congrats! You now have a professional-level p53 structure!
Save the session and save the image.

Questions

1. Which amino acids does zinc help connect? Why might zinc be needed?

2. How does p53 bind the DNA? We will discuss some of the interactions between the 
protein and the DNA.

3. DNA has two faces, a major groove and a minor groove. See if you can identify these 
faces, and determine which one the p53 binds to.

4. How would mutating (changing) arginine 273 (R273) to a histidine (H) effect the 
binding of p53 to the DNA? Would it improve it or make it worse? How would this effect 
how p53 does its job of preventing cells from becoming cancerous?

5. Amino acids 331-356 of the protein have a special job. Can you tell what they do?
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Directions for making a molecular model of cyclooxygenase 

Enzymes are proteins that perform chemical reactions inside the body, turning one 
molecule into another. Cyclooxygenase is an enzyme that turns arachadonic acid into 
prostaglandin, which can itself be converted into hormones that lead to pain and 
inflammation. To turn off cyclooxygenase activity, and stop pain, we take aspirin. Aspirin 
reacts with the cyclooxygenase enzyme and disables it. This prevents prostaglandin 
from being created, and helps relieve pain.

Notice that oxygen molecules are also required for the reaction to take place. Before 
these oxygen molecules react, they first must bind to the enzyme. Cyclooxygenase, like 
hemoglobin, contains a heme. The iron of the heme binds to the O2 molecules. To stop 
cyclooxygenase from working, aspirin blocks the path of the arachadonic acid to the 
heme. It also reacts with an amino acid, permanently destroying the enzyme’s ability to 
perform its normal function. We benefit by not feeling pain, at least until more 
cyclooxygenase enzyme is created by the cell.
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Be sure to save your PyMol session frequently in case you make a mistake!

1. Open a web browser and search for the Protein Data Bank or PDB.

2. In the Search Bar, type 1pth, which is the pdb entry code for a crystal structure of 
sheep cyclooxygenase.

3. Click the blue Download Files button.

4. Select the PDB format.

5. Download the file, and find it in the computer’s downloads folder. You can also open 
the PyMol program and open the 1pth.pdb file from downloads.

6. Show the amino acid sequence: In PyMol, select from the top menu bar: 
Display Sequence on

7. Use the scroll bar to explore to view the entire sequence, which includes amino 
acids of two cyclooxygenase proteins. The structure is therefore a dimer, meaning there 
are two duplicate proteins connected to one another. Notice that the amino acid 
numbering begins at 1 at the beginning and half way through the sequence. This signals 
the start of the second duplicate protein. To show all the features of the protein, you will 
perform all the PyMol tasks twice! 

Before amino acid 531, you will see OAH, which is an amino acid that has been 
modified by the aspirin. At the end of the protein sequences, you will also see HEM, 
which is the heme, and SAL, which is the salicylic acid, part of the aspirin molecule. 

8. Select and hide the whole object. At the bottom right, toggle the Selecting State to 
Objects. Left click either on the structure or the sequence to select all the atoms of the 
object. Right click, select hide, everything.

9. Show the cartoon and bonds. With the whole object still selected, right click, show 
cartoon. With the whole object selected, right click, show sticks. Now you can see the 
whole protein and all the amino acids and other molecules that make it up.

10. Change the color. Right click and select a different color scheme. 
Color, by element, scheme 5, select the 3rd set from the bottom to make gray carbons.

11. Color the heme, SAL and OAH. Toggle Selecting State to Residues. This allows 
you to click on the sequence to select individual amino acid residues or other small 
molecules like hemes, which are bound to the structure. 

12. Hemes Be sure that you “unselect” the whole object. Now you can select individual 
amino acid letters or molecules from the sequence. We would like to first show the two 
hemes, one in each protein. Scroll through the sequence and left click on all two hemes. 



Now right click (while hovering over the HEM in the sequence) and change the color. Be 
sure to select on of the “by element” choices, so that we can identify which element is 
which.

13. SAL Unselect by left clicking on the black background. Scroll through the sequence 
to find the two SAL molecules. Aspirin is also called salicylic acid, sal for short. As 
above, change the color of these molecules so that they stand out.

14. OAH Scroll through the sequence to find the two OAH fragments. These are amino 
acids that have been altered by the aspirin. With the OAH selected, right click and click 
color, “by element”, and select a color scheme that stands out.

15. Show the surface Toggle selecting state to “molecules”. Select both 
cyclooxygenase molecules and show surface.

16. Change the transparency of the surface. At the top menu bar, select Setting, 
Transparency, Surface. Change the percentage to one of your choice. You can 
experiment with different transparencies. 

Congrats! You now have a professional-level cyclooxygenase structure!
Save the session and save the image.

Questions:

1. Zoom into the structure to learn how the aspirin binds. Which amino acid has been 
modified by the aspirin? Check the amino acid sheet on the next page. Is the aspirin still 
intact? Or did something happen to it?

2. Delete the molecule labeled BOG. It is not important for the biological function of the 
protein. Can you find the channel that allows the arachadonic acid to pass to the heme? 
Can you see why aspirin prevents arachadonic acid from being reacted by the heme?

3. Notice that the heme is exposed on one side of the cyclooxygenase enzyme. It may 
seem like the heme could easily oxidize the arachadonic acid, even when aspirin has 
bound to the enzyme, but this is not the case. Which direction must the arachadonic 
acid be supplied from? Remember, we now that aspirin does shut down the enzyme.

4. Use the amino acid table on the next page to identify which amino acid was altered 
by the aspirin. What exactly happened to the aspirin? Which atoms were removed from 
the aspirin to alter the amino acid labeled OAH?
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Directions for making a molecular model of human hemoglobin

Hemoglobin carries oxygen molecules, O2, in the red blood cells, so that the body can 
receive oxygen from the lungs. Hemoglobin is not just one protein, but four! Two of the 
proteins have identical sequences, and the other two proteins have a slightly different 
sequence and are identical to one another. This technically makes hemoglobin a dimer 
of dimers: two protein twins stuck to two other protein twins. The four proteins are stuck 
together through hydrogen bonds, salt bridges, and hydrophobic (water-fearing) 
interactions. In this exercise, you will build your own hemoglobin tetramer!

Be sure to save your PyMol session frequently in case you make a mistake!

1. Open a web browser and search for the Protein Data Bank or PDB.

2. In the Search Bar, type 1B86, which is the pdb entry code for a crystal structure of 
human hemoglobin.

3. Click the blue Download Files button.

4. Select the PDB format.

5. Download the file, and find it in the computer’s downloads file. You can also open the 
PyMol program and open the 1B86.pdb file from downloads.

6. Show the amino acid sequence: In PyMol, select from the top menu bar: 
Display Sequence on

7. Use the scroll bar to explore to view the entire sequence, which includes amino 
acids of the four proteins. They are broken up by a sequence of red O’s, which are 
water oxygens. These waters are captured in the crystal, but are not very important for 
us to see. At the end of every protein sequence, you will also see HEM, which is the 
heme. You will also see OXY for the O2 bound to the heme.

Notice that two of the amino acid sequences are different from the other two!

8. Select and hide the whole object. At the bottom right, toggle the Selecting State to 
Objects. Left click either on the structure or the sequence to select all the atoms of the 
object. Right click, select hide, everything.

9. Show the cartoon. With the whole object still selected, click show, cartoon.



10. Change the color. Right click and select a different color scheme. 
Color, by element, scheme 5, select the 3rd set from the bottom to make gray carbons.

11. Show the hemes, oxygens, and histidine amino acid residues. Toggle Selecting 
State to Residues. This allows you to click on the sequence to select individual amino 
acid residues or other small molecules like hemes, which are bound to the structure. 

12. Hemes Be sure that you “unselect” the whole object. Now you can select individual 
letters from the sequence. We would like to first show the 4 hemes, one in each protein. 
Scroll through the sequence and left click on all 4 hemes. Now right click (while 
hovering over the HEM in the sequence) and show, sticks. Now change the color. Right 
click again, with the hemes selected and click color, “by element”, and select yellow 
carbons, or any other color scheme you like. 

13. Oxygens Unselect by left clicking on the black background. Scroll through the 
sequence to find the two OXY oxygen molecules. Left click on them both, then, hovering 
over the OXY with the mouse, right click, and show, spheres. With the oxygens still 
selected, right click and show sticks. (You cannot yet see the sticks, since the spheres 
are too big.)

14. Histidines Scroll through the sequence to find the 4 histidine amino acid residues. 
They are at positions 87, 235, 487, and 635. Left click to select all 4. Right click, and 
show sticks. Now change the color. Right click again, with the 4 H residues selected and 
click color, “by element”, and select pink carbons, or any other color scheme you like. 

15. Change the sphere scale At the top menu bar, select Setting, Edit All. Scroll down 
to find “sphere scale”. Change this number to 0.3 and hit enter. Now your oxygen 
spheres (and any other spheres you show) will be smaller.

16. Emphasize the tetramer From Selecting State at the bottom right, toggle to find 
“molecules”. Now anything you select will be a molecule. Left click on each of the 4 
tetramers and change the color of each by right clicking, and selecting color, by 
element. Make a red, orange, yellow, and purple hemoglobin protein.

17. Show the surface Select all four hemoglobin molecules and show surface.

18. Change the transparency of the surface. At the top menu bar, select Setting, 
Transparency, Surface. Change the percentage to one of your choice. You can 
experiment with different transparencies. 

Congrats! You now have a professional-level Hemoglobin structure!
Save the session and save the image.
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Constructing an artificial amino acid in PyMol

For the most part, living things use 20 amino acids to synthesize all proteins. In the lab, 
we can use synthetic chemistry to create never-before-seen amino acids that could 
potentially be incorporated into peptides and used as medications. In this exercise, we 
will learn how to create our own “unnatural amino acid” that also has a realistic 
conformation. To do this, we will use the the Build commands.

Be sure to save your PyMol session frequently in case you make a mistake!

1. Open PyMol and select from the top menu, Build, Residue, Alanine. I suggest that 
you begin with an alanine, but if you want to create an artificial version of tryptophan, for 
example, build a tryptophan. 

2. On the bottom right of the screen, change the Mouse Mode to 3-button editing. Now 
when you left click on an atom, a silver sphere will appear. Building commands will 
apply to the atom selected by this silver sphere. To unselect an atom, simply click left on 
the black background. 

3. First, let’s correct the ammonium and carboxylate groups to give them a realistic 
protonation state. Click on the nitrogen then, under the Build menu, select “Make pKa 
positive”. Then again under the Build menu, click “Fill in hydrogens”. You will now see 
the tetrahedral nitrogen that is seen in amino acids at pH7. 

4. Next, unselect the nitrogen and click on the carbon that contains the oxygen. We 
need PyMol to create a carboxylate (COO) group here, Under the Build menu, click “Fill 
in hydrogens”, This adds a hydrogen, creating an aldehyde. Now, unselect the carbon 
and select the new hydrogen. Under the Build menu, select Fragment, Oxygen. This 
turns the hydrogen into an oxygen. There should now be a carboxylic acid COOH here.

5. Since at pH 7, the group should be in the carboxylate form, not the carboxylic acid 
form, change the protonation state by selecting the oxygen of the OH group, and under 
the Building menu, select Make pKa negative, then again under the Building menu, 
select “Fill in hydrogens”. 

6. Now we can be creative and add to alanine’s side chain to create an artificial amino 
acid. You can plan a side chain with certain properties, for example acidic, bulky, or 
fluorinated, etc. Select one of the CH3 group’s hydrogens. Now you can add 
“Fragments” to extend and decorate the side chain. Save the structure before doing this 
in case you make a mistake. I suggest beginning with a carbon chain (Build, Fragment, 



Carbon) and then add to it by selecting hydrogen atoms to turn them into other 
elements or groups. 

7. Once you create a complex side chain, it may not have a realistic conformation. 
Atoms may be clashing with one another or the side chain may loop back on itself in an 
impossible way. We will now use Sculpting to do an energy minimization on your 
structure. This will extend the atom chains and undo any clashes between atoms that 
ended up two close to one another during the building process. Select Build, Sculpting, 
Sculpting, then again select Build, Sculpting, Activate. You should see the amino acid 
change into a more relaxed conformation. You must turn off the sculpting now. Select 
Build, Sculpting, Sculpting.

8. You now have an original, unnatural amino acid! Save your structure and compare it 
with other students. You can also name your amino acid!  


