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Introduction: 

Measuring free energy changes upon mutation can inform our understanding of membrane protein stability and variation and is a step toward design. In this application, we predict ddGs of mutation by computing the difference in Rosetta energy units for the native and a mutated conformation. This application uses a modified version of the all atom energy function for membrane proteins, which includes the fa_elec term and pH energy (see below). The Membrane ddG application is part of the RosettaMP Framework.

Protocol:

A. Generating input files

Three inputs are required for this application: 
· PDB for the protein structure of interest
· Span file describing the location of trans-membrane spans
· Knowledge of the mutation to perform for computing ddG values

We use OmpLA (PDBID 1qd6) as an example. 

1. Download the PDB input file: Generate a PDB file where the membrane protein structure is transformed into PDB coordinates (z-axis is membrane normal). This can be done by downloading the transformed PDB directly from the PDBTM website (PDBID 1qd6) (http://pdbtm.enzim.hu/) or from the OPM database website (http://opm.phar.umich.edu/).

2. Clean the PDB file by removing all hetero-atoms (HETATM lines) and renumber the residues such that they start with residue numbering 1 in a consecutive numbering scheme without any gaps. You can do this by calling the clean_pdb script with the chain of interest:

./Rosetta/tools/protein_tools/scripts/clean_pdb.py 1qd6_tr.pdb C

The resulting file 1qd6_tr_C.pdb should now only contain ATOM lines with residue numbers from 1 to 240.

3. Create the spanfile as given in the mp_span_from_pdb tutorial. Your spanfile should be called 1qd6_tr_C.span. Check your spanfile for correctness with the provided script check_spanfile_from_pdb.pl and adjust if necessary.

4. For our example, we will create mutations at the alanine residue 181 of the renumbered PDB. Be aware, that this is Ala210 in the original residue numbering scheme: the numbering shifted when we cleaned the PDB file! When using this application, make sure that you use the renumbered residue numbering when providing mutations!

B. Run the application

The membrane ddG application predict_ddG.py is implemented as a python script in PyRosetta. The script can be found in the protocol capture under Rosetta/demos/protocol_capture/mp_ddG. For this application, the following options are available, which can be seen when calling the help option for this script (predict_ddG.py -h):

# PDB input file
--in_pdb 1qd6_tr_C.pdb

# span input file
--in_span inputs/1qd6_tr_C.span 

# output filename containing the ddGs
--out

# output filename for score term breakdown
--output_breakdown

# residue number to mutate
--res 181 

# one-letter-code of amino acid to mutate into; if not given, all 20 amino acids will be run
--mut F

# repack the sidecains within a radius of the mutation site
--repack_radius 8.0 

# consider pH in the calculations
--include_pH true 

# the pH value of interest
--pH_value 4.0

For the sake of this tutorial, run the application with the following commandline:

predict_ddG.py --in_pdb 1qd6_tr_C.pdb --in_span 1qd6_tr_C.span --res 181 --repack_radius 8.0 

Note: If you get a Rosetta import error when running this script, run source /PyRosetta/SetPyRosettaEnvironment.sh and then run the predict_ddG.py commandline again. 
[bookmark: _GoBack]
C. Analyzing the output

Two output files (with default names) are created by this script
· ddG.out: predicted ddGs per mutation
· scores.sc: Breakdown of ddGs by Rosetta score term (weighted)

The first file gives a list of mutations and their predicted ddGs. The columns in this file are:

1. pdb name
2. mutant amino acid
3. mutant score
4. native score
5. ddG

Example output files are provided in the example_outputs folder.

Note: When you run the application multiple times with the same output path specified will APPEND to the file and not overwrite it.

Version Info
Rosetta Revision #58069 
Python Version: 2.7+  
PyRosetta Release Version: March 2015  

PyRosetta can be downloaded from http://www.pyrosetta.org. Follow the instructions
provided in the README to setup your shell environment
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