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Introduction: 

High-resolution refinement is key for advancing low resolution structures from x-ray crystallography to atomic level detail. For membrane proteins, this method can also reveal an ensemble of possible membrane embeddings: the position and orientation of the biomolecule with respect to the membrane bilayer. 

The membrane relax application combines the Rosetta FastRelax algorithm with the all atom energy function for membrane proteins and a gradient-based technique for optimizing the membrane embedding. First, a series rotamer trials and minimization are used to refine the protein structure. In addition, the membrane position is optimizied by minimizing the "jump" or connecting relating the MEM residue to the biomolecule. 

Protocol:

A. Generating input files

Two inputs are required for this application: 
· PDB for the protein structure of interest
· Span file describing the location of trans-membrane spans

We use Glycophorin A (PDBID 1afo) 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 1afo) (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 1afo_tr.pdb AB

[bookmark: _GoBack]The resulting file 1afo_tr_AB.pdb should now only contain ATOM lines with residue numbers from 1 to 80.

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

B. Run the application

1. We provide an XML script (mp_relax.xml) that contains the components of the mp_relax application that is executed via RosettaScripts. It contains information about the scorefunction used, the movers that are used, and in which order the movers are called. Look into the script and make sure you understand it. 

2. We also provide an options file (mp_relax_options) that contains all options that are called in addition to the XML protocol file. Open the file and make sure you understand what all of the options mean. 

3. After all of your input files are created and are correct, run the application with via

Rosetta/main/source/bin/rosetta_scripts.linuxgccrelease -database /path/to/db @mp_relax_options

Note on timing: Refinement in Rosetta is a time consuming application. Depending on avaialble computing power and size of the protein, refinement of an individual decoy can take between 10-15min for ~200 residues and between 0.5-1.0hrs for proteins > 200 residues. If you have to create many models, make sure you get reasonable models from a small run (1 or 2 models) before moving onto a production run (500 to 1000 or even more models, depending on the size of the protein).

4. The following outputs will be generated from the relax protocol. A version of these outputs are also provided in the example_outputs/ directory: 

	1afo_tr_0001.pdb - output model of 1afo
	relax_scores_1afo.sc - Rosetta scores (including membrane scores) for refinement 

C. Compute the RMSDs to the input structure

Because the Rosetta Relax will not automatically compute the RMSD between the native structure and refined model, we use the score_jd2 application to compute the RMSD between the native and refined models. For this to work, we first need to remove the 2nd set of HETATM records from our output models. We do this by writing a short script that is a combination of grep and awk. Run 

ls *0???.pdb | awk '{print "grep -v XXXX "$1" > tmp && mv tmp "$1"_a"}' > remove_2nd_hetatm.sh

Make the script executable by calling

chmod u+x remove_2nd_hetatm.sh

Call the script via

./remove_2nd_hetatm.sh

Write all models into a list file for RMSD comparison

ls *pdb_a > models.ls

Open the score_options file, make sure you understand all options and verify that all option inputs are set correctly. Now call the scoring application that we use to compute the RMSDs:

Rosetta/main/source/bin/score_jd2.linuxgccrelease -database /path/to/db @score_options

The output file should be called score.sc and the RMSD is in the 4th column of that file. 

D. Analyzing results

The models can be analyzed by visualizing the models themselves in Pymol so see the sampling range, plot Rosetta total scores versus RMSD to the native structure, or cluster all output models. Instead of clustering, another option is to visualize the top 10 or 20 models and visually see how they cluster. If, for instance 5 of the top 10 models are very similar to each other, and all other models differ from them more substantially, this is typically a good indicator that the clustering models are reasonable output models. 

Additional references for this application

1. Tyka MD, Keedy DA, Andre I, DiMaio F, Song Y, et al. (2011) Alternate states of proteins revealed by detailed energy landscape mapping. J Mol Biol. 

2. Barth P, Schonbrun J, Baker D (2007) Toward high-resolution prediction and design of transmembrane helical protein structures. Proc Natl Acad Sci 104: 15682–15687. 
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