Docking Molecules to a Protein:  Estimating Affinity

The problem is set up using AutoDock Tools.  Then, the problem is solved using Vina.
Start AutoDock Tools (on the “Start” menu under “MGL Tools”).  Click “Dismiss” to close the AutoDock selection dialog box, if it appears.

The dashboard is used to select what is displayed and how it is displayed.

On the menu go to File/Read Molecule, then navigate to My Documents\Biochemistry Lab\vina_tutorial\, and open “protein.pdb” from there (the protein structures that Vina can read end with .pdb, indicating they are from the protein database).  The protein should appear in the program’s window.
	Note:  the protein can be moved on the screen using the following:  
The right mouse button “rotates”, 
The scroll wheel changes the zoom level.
The left mouse button “translates” the protein 
Shift right mouse button draws a box and selects atoms in that box.  (To unselect, click the [image: ] icon.)
Most PDB structures don’t have hydrogen atoms.  The hydrogen atoms need to be added by placing them in calculated positions.  Edit/Hydrogens/Add, then select polar only, and OK.  (The polar hydroges are required by the pdbqt format used later.)

The dashboard can be used to display a molecular surface, to color atoms according to type, etc.

The space within and around the molecule has to contain a grid.  To set this up, in the brownish bar below the icons, click “Grid”, and select “Macromolecules”, then “Choose”.  Click on the item needing a grid (the protein, in this case), then click Select Molecule.  The warning “initializing protein.pdb” appears.  Click OK, which brings up a “file save as” dialog.  Save the file as “protein.pdbqt” in the same directory as before (My Documents\Biochemistry Lab\vina_tutorial\).  (If asked to replace it because it already exists, do so.)

To speed up the process of finding the ligand-receptor binding site with the lowest energy, only the area around the receptor’s active site will be searched.  This search space is set by setting some grid options.  Go to Grid/Gridbox…, which then shows the Grid Options dialog box.
Click View at the top of the dialog box, and put a check next to “Show box”.
Specify the center of the search space in the boxes below Center Grid Box:.  (Sometimes Enter has to be pressed to get the view to update.)  Enter values of 11, 90.5, and 57.5 for x, y, and z center were used in the tutorial.)
Enter the size of the search box using the sliders.  
Make the spacing between grid units be 1 Ångstrom by setting “Spacing” to 1.000 (moving the sliders is a bit tricky at first).
Select values of 22, 24, and 28 for x, y, and z-dimensions.
The search space box changes size as the values are changed.  
The values of the center of the search space should be written down, because they are needed later.
Close the box:  “File/Close saving current”.
[bookmark: _GoBack]Go to Ligand, Input, Open, select file type “.pdb” (from the drop-down menu), and go to the usual directory (My Documents\Biochemistry Lab\vina_tutorial\) to open ligand.pdb.
The ligand file is analyzed and the number of rotatable bonds is reported.
Use the dashboard to hide the protein, so the ligand can be seen.
It is recommended that ligand structures already have the correct hydrogens on them.  When such a structure is opened, the nonpolar hydrogens are removed (merged), leaving just the polar hydrogens.
The ligand may be treated as flexible by indicating which bonds are rotatable.  Go to Ligand/Torsion tree/Choose torsions….  Just click on a bond to make it rotatable (green).  Click done.  (Nothing needs to be changed, initially.)
Save ligand structure as a pdbqt file:  Go to Ligand/Output/Save as PDBQT….  Put it in the usual directory (My Documents\Biochemistry Lab\vina_tutorial\).
Close the AutoDock Tooks, since it is not needed.

Before Vina can be run, a configuration file, conf.txt, must be present in the Vina_Tutorial directory.  Go to that directory and double-click on conf.txt; it should then open in notepad.  Ensure that the following are in that document.
receptor = protein.pdbqt
ligand = ligand.pdbqt
log = log.txt

center_x = 11
center_y = 90.5
center_z = 57.5

size_x = 22
size_y = 24
size_z = 28

exhaustiveness = 8
The “exhaustiveness” option specifies how carefully to look for the best fit (8 is the default).  The “log” option specifies a name for the log file.  
Run Vina by double-clicking on Vina.bat (in the Vina_Tutorial directory).  (Other Vina options can be seen by double-clicking on VinaHelp.bat.)  Running the program takes around ten minutes.
The output file, log.txt, shows the best “modes” of binding that the program found, based on the affinity, which is the estimated binding energy of the ligand to the protein.  The more negative the affinity, the more tightly the ligand is bound to the receptor.  The structures of the various modes of binding are stored in the file, ligand_out.pdbqt.  To see these, open that file with the Python Molecule Viewer, PMV, using File/Read Molecule.  An option menu appears; select “conformations” and “yes” for using the right and left arrow keys to see the different conformations.  Click in the molecule display window to use the arrow keys.  Likewise, open protein.pdbqt, so you can see how the structures fit into the receptor site.  Use the dashboard to make the ligands appear as space-filling models (the “C” option).  
Left-click on “Protein”, and select “Hide molecule”, so that only the ligand is shown.  Load the file “ligand_experiment.pdb”.  Display both ligands as “Lines”.  Have the instructor go over the structure with you.  

Setup
Download MGLTools from http://mgltools.scripps.edu/.
Install MGL Tools.  The setup program will first download and install Python.  You may want to change the directory to C:\Program Files\Python25\.
Download Vina from http://vina.scripps.edu/.  You may want to change the installation directory to C:\Program Files\vina\.  (Vina will not appear when run until the configuration file is changed.)
Download OpenBabelGUI from http://openbabel.org/wiki/Main_Page.  (Only needed for converting from one file type to another.)
Create a directory structure something like this:
My Documents
	Biochemistry Lab
		Vina_Tutorial
The Vina_Tutorial directory will eventually have the following files:
conf.txt	The Vina configuration file
Docking Molecules to a Protein.docx  		This document
Endocrine disruptor info  	A directory with other info in it; not necessary for this lab
ligand.pdb	The starting ligand file
ligand.pdbqt	The final ligand input file, created by students
ligand_experiment.pdb	Experimental result for how the ligand binds
ligand_out.pdbqt	Program output
log.txt	Program output
protein.pdb	The starting receptor file.
protein.pdbqt	The final receptor file, created by the students
Vina.bat	Runs the Vina program, using the configuration file
VinaHelp.bat	Runs the Vina program, but just shows the Vina help file

Create the following two files using Notepad.
Vina.bat contents:
cmd /k "C:\Program Files\Vina\vina.exe" --config conf.txt

VinaHelp.bat contents:
cmd /k "C:\Program Files\Vina\vina.exe" –help


image1.png
74

File 3D Graphics Edit Select Display Color Compute Hydrogen Bonds Grid3D Help Send /Receive
] ) “lanore
T BELET i e &
= N Now iew | P
| Emait ems+ | & Junk -
[ADT4 2 Ligand _Flexible Residues _ Grid _Docking__Run__ Analyze
T
G5 4 Favorites <
DashBoard | Anitol | Tools (5 nbo
(3 Received
SLBCRMSLCI
G conE 4 ding@troy.edu
® AlMolecules | %% %%V Y [ mbox
Current Selection | _ %% % %%V V. (2 oraits
b ¥ protein O080000vVY (5 senttems
@ Deleted Items
Junk E-mail
Search Folders
Archives
Troy University
Troy Univerity
4 Troy Universiy 2010-11
@ Deleted tems
(3 Received O1d
08 search Folders
(3 sentold
4 Troy University 201112
) Deeted tems
[~ TaRs
(3 Received
(8 search Folders
(3 sent
75U 2001
75U 2002
75U 2003
TSU 2004
3 mai
] calendar
T [82) contaas
13
) Mot
tod..[Shi Time:[0.016__ Selected: Spinoff — [FR:[ 00 (@@ | @ A@E-
Ttems: 14

Folder  View

Reply

Armange By: Date | Newest ontop

4 Yesterday

4 Judy Brighton Fulmer We.
Cyberlearning: Transform,

4 Tuesday

Tue 141 P

Tue 915 AM

9772011
S ynnJackD 9011
4 Three Weeks Ago

2 is 8502011

Larmy L

4 LastMonth
=3 Marc Stephenson 8/2472.

Glenn Conen  8/23/2011

Roger Kirchen  8/13/2011

d Carroll

81072011

4 older

Glenn Cohen  6/25/2011

3 Meeting

Reply Forward I More «

(25 Moveto: 7 3 To Manager S
SiTemEmsl o Done 8 & &4 = |
% Reply Delete 17 Create New Move Rues Onehote | Uniesd Categorie Follow

Cyberlearning: Transforming Education Cyberlearning

Judy Brighton Fulmer <jfulmer@troy.edu>
Wed9/21/2011 1226 70

Good Afternoon

Please let me know if we are interested in the following
opportunity, thanks, Judy
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TITLE
Cyberlearning: Transforming Education Cyberlearning

FON
NSF 10-620

AGENCY:

National Science Foundation; Directorate for Computer &
Information Science & Engineering; Directorate for Education &
Human Resources; Directorate for Social, Behavioral & Economic
sciences; Office of Cyberinfrastructure

ITEM

Notice seeks applications focused on discovering how technology
can enable new forms of educational practice resulting in a more
actively-engaged and productive citizenry and workforce.

ACTION

Letters of intent are required and due May 14, 2012 and May 14,
2013.

Proposals for Exploration Projects (EXPs) are due December 15,
2011.

Other deadlines vary by mechanism. Approximately $36 million is

available in support of 28 to 49 awards. Eligibility is unrestricted.

See more about: Judy Brighton Fulmer <fulmer@troy.edu>.
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