Exercise 6- Homology Modeling, Structure / Sequence Comparison and Docking 

EXERCISE OBJECTIVES: 
-To predict a protein structure based on multiple sequence alignment & existing experimental data using SWISS-MODEL
-To gain understanding on how to operate UCSF Chimera
-To explore & compare the structure/sequence of proteins
-Specific examples of urease, hemoglobin and myoglobin
-To perform protein-ligand docking

QUESTION: What ligands bind to my protein, and where?

SWISS Model Structure Building
Step 1: SWISS- Model
1- Go to SWISS-model https://swissmodel.expasy.org/
2- Click Start Modeling
3- ither upload unzipped “multiple sequence alignment file” by clicking Upload Target sequence File or paste FASTA sequence of “only one matched protein” or Or paste your unique amino acid sequence (from exercise 1) in the target sequence box.
4- Click ‘search for templates’ to find the matching templates first

-What is your amino acid sequence
MKLTPKELDKLMLHYAGELAKKRKEKGIKLNYVEAVALISAHIMEEARAG 

Step 2: SWISS- Model
1- On Template Result page, ‘check’ the highly matched template (or one identical to your protein) to create the model of your protein, and Click “Build Model” to run the program
2- On the “Model Results” page, SWISS-Model creates a 3D structure, out of your unique sequence (right panel) & the matching templates (left panel)  
3- On the right bottom there are options to change the display & movement of protein’s 3D structure
4- Click on ‘Model template alignment’ arrow to do the sequence comparison between the proteins

-Add the annotation details of the highly matched structure. For example, include the annotation terms; PDB identifier (structureId), Method used to solve the structure (experimental technique), resolution (resolution), and source organism (source).
PDB Identifier (Structure Id): 1e9y.1.A  
Experimental Technique: X-ray
Resolution: 3.00 Å
Source: Crystal Structure of Helicobacter Pylori 

-For instance Against how many templates did SWISS-Model match your protein?
9

Step 3: SWISS- Model
1- Clicking on Structure assessment (on highly matched template) will show the Ramachandran plot of your protein with ‘MolProbability Results’.
2- Click on the bonds or angles on MolProbability Results to view the bad bonds/angles in your structure.
3- Back on the “Model Results” page, Save your protein structure in pdb format by clicking the ‘Model 01’ icon just beside the 3D structure image of your protein – in the Desktop folder that we will also use in step 1 of docking

-Write down the template ID of the proteins with which SWISS-Model has matched your protein, (one with highest seq identity %, and another with the minimum seq identity %). Also write down the seq identity percentages.
1e9y.1.A   100%
6ryb.1.C     22.58%

-Write down the description of the highly matched protein
Crystal Structure of Helicobacter Pylori Urease in complex with acetohydroxamic acid

-What is the Ramachandran favored probability percentage of your protein?
93.75%


-Take a screenshot of your protein with band angles and bonds.
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Chimera Structure Comparison
Step 0: UCF Chimera 
1- Download & install UCSF Chimera 
software(https://www.cgl.ucsf.edu/chimera/download.html)
*Note: there are different versions available to download for both PC and Mac

Step 1: Comparison b/w Unknown & Target Proteins
1- Open the files: 
- Reset your instance in UCSF Chimera by going to File > ‘Close Session’
-Fetch PDB ID of target protein (highly matched;1E9Z from SWISS-model step)
-Next, open the 3D structure of your unknown protein saved in the SWISS-model step (by clicking the file type to ‘all (guest type’)
-Zoom out to see both proteins in the view
-Hold CTRL & left mouse, draw a rectangle around one protein.
-can colour the protein by Tools > Depiction > Color Actions for better visualization
2- Structure Comparison (superpose):
-To match the protein structures, go to Tools > Structure comparison > MatchMaker . 
-In the popup, select one protein from Reference Structure box & another from Structure(s) to match box.

-What is the PDB ID of your target/template protein?
1e9y


Step 2: Structure/ Sequence Comparison
1- A superimposed structure of the two proteins will also appear
2- You can play with the superimposed proteins structure by changing the display, or using the steps mentioned in another Bs Chimera video.
3- For instance, select one of the parts (if more than one) with superimposed amino acids by holding the CTRL key & drawing a rectangle around it using left mouse 
4- then go to Actions > Focus to have a magnified view
5- can also choose additional parameters acc to your research Q
6- A superimposed sequence of the two proteins will also appear
7- Go to Tools > Sequence> Sequence, one more popup will appear, hit OK.. *Note: The process might take some time!
    *Remember that you can always clear your selection by going to Select > Clear Selection.
8- A window will appear with matched (compared) amino acid sequence b/w the proteins
9- go to tool > structure comparison > Match -> align 
10- -select the two chains that are superposed
11- A popup will open, go to info >percent identity, select chains, click OK

-Find out the percent sequence identity b/w unknown & target protein
100%

-Write down the names of 5 residues in the superposed region and paste the screen shot of the superimposed image of yours & target protein
The five residues in the superposed region are Methionine (M), Lysine (K),  Leucine (L), Threonine (T), and Proline (P). 
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Chimera Docking
Protein Ligand Docking

Step 1: Docking Folder 
1- Make a Docking Folder on the Desktop to save all your files

Step 2: Ligand Preparation
1- Copy the Canonical SMILES of your compound (from Ex5) or from PubChem 
2- Paste in Tools > structure editing > build structure > check SMILES string
3- Change the name from UNK to (e.g., AHA), click Apply > Close
4- Tools > structure editing > minimize structure > minimize
5- popup ‘Add Hydrogens’, click OK
6- popup ‘Assign Charges’ for Minimize, check Gasteiger (b/c it is a small molecule), click OK
7- popup ‘Specify net charges’, click OK
8- File > ‘Save Mol2’ and named as AHA.mol2 in desktop folder

Step 3: Protein Preparation
1- Go to file > open > ‘Model 01’ pdb file from step 3 of SWISS-Model structure building5step
2- Select > structure > protein 
3- then actions > focus (in case your protein is not visible)
4- Tools > surface/binding analysis > dock prep
5- popup, click OK
6- popup, ‘Add Hydrogens’ click OK
7- popup, “Assign Charges’ click OK
8- popup, ‘Specify net charges’, click OK
9- Save Mol2 as 1e9z.mol2 in desktop Docking folder

Step 4: Docking Steps & Grid preparation
1- Tools > surface /binding analysis > AutoDock vina – in the popup specify the following parameters
2- For output file browse to desktop folder—in popup – filename ‘1e9z-AHA output’, click ‘set output location’
3- Choose the right receptor & ligand file 
4- Check resize search volume using button 2, and type in the following numbers (can see the grid adjusting in real time)
· Center 	125 	115	80
· Size 	40	40	40
5- For Receptor options, click ‘Ignore all non-standard residues’ from false to true
6- For executable option, uncheck ‘opal web service’, check local and browse to C drive > program files (x86) > The Scripps Res Institute > vina > vina.exe
7- Finally click OK to ‘AutoDock Vina’ pop up box

Step 5: View Docking Results
1- 9 poses will be displayed acc to binding energy score from most stable to least stable

-What is the binding energy score of your protein from most stable to least stable?
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- Also provide the screen shot of the most stable pose
[image: ]
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