Structural Bioinformatics
Assignment 7
The purpose of this assignment is to familiarize you with homology modeling tools such as PyMod.  Specifically, you will use the program to predict the 3D structure of the enzyme dihydrofolate reductase from Mycobacterium avium.  At the end of the assignment you will be asked to send the resulting PDB file.
1) Go to the NCBI web site and search for the dihydrofolate reductase from Mycobacterium

avium (GI: 1586159 - http://www.ncbi.nlm.nih.gov/protein/2586159). Download the sequence

file in FASTA format.

2) Launch PyMOL and select PyMod from the PyMOL Plugin menu. From the main window of

PyMod select File -> Sequences -> Add from file and choose the fasta file that you downloaded earlier on (fig. 2)
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Figure 2. PyMod main window.
3) The next step involves a database search for homologous sequences corresponding to an

experimentally–solved 3D structure. To perform this task we use the BLAST function.  Select the sequence by left-clicking on its header (in the PyMod left panel - it will become green).  From the Tools menu select BLAST; a black preference window will appear (fig. 3).  It is possible to modify several parameters; however, in this tutorial we keep values at their default and submit. This operation could take minutes, depending on sequence length and speed of internet.
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Figure 3. BLAST Preferences window
4) After the database search task is done, a results window appears. You can choose to import one or more sequences (Figure 4).  As you can see, the first entry has 100% identity because the structure of dihydrofolate reductase of Mycobacterium avium has already been solved. We will ignore this entry and use it later to validate our results. For this tutorial, choose 2 proteins as templates for homology modeling, i.e. dihydrofolate reductase from Bacillus anthracis (PDB ID 3JW3; 33.94% sequence identity) and from Moritella profunda (PDB ID 2ZZA; 40,80% sequence identity). Select these proteins using the checkbox and press Submit.
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Figure 4. BLAST output window

5) Your selected sequences will be imported in PyMod main window, and clustered with your query sequence. You can expand or collapse this cluster by clicking the “ + ” button placed next to your query sequence.

Expand your cluster and download the corresponding PDB structures by right-clicking on each sequence header and select Get PDB File (Figure 5). After a few seconds PyMod will automatically import the structures and split them by chain in PyMod main window (figure 6).
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Figure 5. Get PDB File function
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Figure 6. Structures imported in PyMOL and split by chain.

6) You can select all the sequences that you don’t want to work with (by left-clicking them) and then delete the selection through the pop-up menu on the left panel of PyMod window.  Here we will leave “A” chains, and delete the other ones.
Although the increase of accuracy when making use of multiple structural templates is still a matter of debate, during the years it has been claimed that this approach is able to better capture the variability and divergence of natural structures. When modeling with multiple templates, it is necessary to superpose them as a first step, and then derive a structure-based sequence alignment. To accomplish this task, select the headers of the protein 3JW3 and 3IA4 and click on Tools -> CE struct alignment (figure 7).
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Figure 7 CE align function
7) A dialog box will appear, asking if you want to use sequence information in the Combinatorial Extension algorithm. Using sequence information will increase the probability that similar amino acids will be structurally superposed. Press YES in the dialog box. After a few seconds the structures will be superposed in PyMOL and the derived structure-based sequence alignment will be shown in PyMod (Figure 8).
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Figure 8. Structural alignment performed with the Combinatorial Extension algorithm.
8) After the structural templates have been aligned, add the query sequence to the alignment. To

accomplish this task choose ClustalW  by select all the sequences by left-clicking on their header and click Tools ->  ClustalW. As usual, the preferences window will appear just keep values at their default and submit. A dialog box will appear asking if we want to keep the previously obtained structural alignment. Since we would like to keep the structural alignment “in-frame” (i.e., adding indels, when necessary, to both templates), click Yes. At this point the structural and sequence alignments will be merged together.

As refinement step we want to delete the C-terminal overhang; right-click the query sequence

and select Edit Sequence. In the “Edit sequence” window just delete the last amino acids as shown in figure 9 and press Submit. Edit the other sequences to delete their overhangs.
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Figure 9. Sequence editor window

9) After a multiple alignment has been obtained, proceed with the last step, namely model building. But, just before performing this last task, we will manually check the alignment to pinpoint potential misaligned regions. Indeed, scrolling the alignment till the C-terminal region (approximately near ASP 130 of the query sequence) we notice four consecutive “D” residues that are not present in the structural templates. This suggests a possible indel in this region. Modify the alignment as shown in Fig. 10, by left-clicking on a sequence and dragging to the right or to the left respectively to create or remove an insertion.
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Figure 10. Refining the alignment.

10) The next step is the homology model building. Select the query sequence and click Tools->
Modeller. In the options window (Fig. 11) choose both templates and set to High the optimization level. Make sure to include heteroatoms (i.e., ligands or cofactors) during the model building. Click SUBMIT. This operation could take several minutes.
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Figure 11. Modeller option window.

11) When Modeller has done, the homology model will be automatically imported in PyMOL

main window (Fig. 12) and a DOPE score-based graph will appear for an energetic validation

of the model (Fig. 13).
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Figure 12. Homology model imported in the PyMOL main window.
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Figure 13. DOPE score-based graph.

12)  Now we can compare the obtained model with the experimentally-solved 3D structure. Click on Plugin -> PDB Loader Service from PyMOL menu and type 2W3W. Now click on the “A” near the 2w3w code and choose Align -> to molecule -> 1_gi_2586159. Structures will be

superposed as shown in Fig. 14.
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Figure 14. Superposition of the obtained model with the experimentally-solved 3D structure. In white: model of the dihydrofolate reductase of Mycobacterium avium. In cyan: experimentally-solved dihydrofolate reductase of Mycobacterium avium (PDB code: 2W3W).

13) As we can see, our model contains only a few mistakes in the external loops but has a great

consistency with the experimentally-solved structure in the core region and the active site. It’s

also important to stress that the ability to build a model including heteroatoms allows the right

orientation of side chains in the active site, as shown in fig. 15.
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Figure 15. In the picture is shown the correct orientation of side chains that interact with the cofactor in the active site of the protein. In white: model of the dihydrofolate reductase of Mycobacterium avium. In cyan: experimentally-solved dihydrofolate reductase of Mycobacterium avium (PDB code: 2W3W).

Question: Please send the homology model you generated using PyMod.
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