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Introduction: 

Structure determination of protein-protein complexes in the membrane bilayer is extraordinarily difficult due to the requirement for the membrane mimetic to maintain stability of the complex and because many complexes exceed the molecular weight limit for NMRspectroscopy. We combined RosettaMP with the RosettaDock algorithm to predict structures of protein-protein complexes in the membrane bilayer. The protocol consists of two steps: (1) a prepacking step to create a starting structure, and (2) protein-protein docking in the membrane bilayer. In the pre-packing step, the two partners are first separated by a large distance (keeping their membrane embedding constant), the side chains are repacked using rotamer trials, and the partners are moved back together. Next, the docking step samples random interface conformations using a score function that is created by combining the standard docking score functions with the membrane score terms (both in the low-resolution and all-atom stages). The membrane bilayer is kept fixed during this simulation. Further, the first partner is fixed in the membrane while second partner is docked to the first one. Both prepacking and docking steps need to be carried out for the full protocol. 

Note: The current protocol only samples interfaces close to the starting structure, i.e. performs a local docking search.

Protocol:

I. PREPACKING STEP

This application prepacks a membrane protein structure inside the membrane to prepare it for membrane protein docking. It pulls the partners apart, along the axis between the center-of-masses projected onto the membrane plane, does a side-chain packing round, and pulls them back together.

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

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 prepack

The prepack application has the following options:

# input PDB file
-in:file:s 1afo_tr_AB.pdb 

# input spanfile
-mp:setup:spanfiles 1afo_tr_AB.span

# define the partners to dock, the underscore defines the interface
# two-body docking with multiple chains could be for instance: AB_C
-docking:partners A_B

# ouput score filenam
-out:file:scorefile score_ppk_1afo.sc

# number of models to build
-nstruct 1

# high-resolution score function to use
-score:weights mpframework_smooth_fa_2012.wts

# don’t pack sidechains until the membrane is set up
-packing:pack_missing_sidechains 0

Run the application with the following commandline: 

Rosetta/main/source/bin/score_jd2.linuxgccrelease -database /path/to/db 
-in:file:s 1afo_tr_AB.pdb -mp:setup:spanfiles 1afo_tr_AB.span -docking:partners A_B -out:file:scorefile score_ppk_1afo.sc -nstruct 5 -score:weights mpframework_smooth_fa_2012.wts -packing:pack_missing_sidechains 0

From the score output file score_ppk_1afo.sc choose the model with the lowest total score for the actual docking run. 
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II. PROTEIN-PROTEIN DOCKING IN THE MEMBRANE BILAYER

In this step, the actual local docking is carried out. It uses the RosettaDock protocol that was modified to include the membrane representation and a score function that is based on the docking score function and contains membrane score terms. 

A. Run mp_docking

First, make a copy of the lowest-scoring prepacked model:

cp 1AFO_tr_AB_0002.pdb 1AFO_tr_AB_ppk.pdb

Open 1AFO_tr_AB_ppk.pdb in your favorite editor (emacs, vim, nano, gedit, textmate or other) and remove the HETATM lines representing the membrane residues that were added during repacking. This is currently necessary for the docking application to work. 

The docking application has the following options:

# prepacked structure PDB file
-in:file:s 1AFO_tr_AB_ppk.pdb

# native will be reference structure for RMSD calculations
# RMSD will be output in the scorefile
-in:file:native 1AFO_tr_AB.pdb

# span input file
-mp:setup:spanfiles 1AFO_tr_AB.span

# number of models to build, at least 1000 for production runs
-nstruct 2

# name of the score output file
-out:file:scorefile score_dock_1AFO.sc

# weight set to use for docking, full-atom weights
-score:weights mpframework_docking_fa_2015.wts

# include hydrogen bonds in scoring
-mp:scoring:hbond

# select the partners to dock; here: chains A and B
# underscore is interface
-docking:partners A_B

# perturbation magnitude for translation(Angstrom) and rotation(degrees)
-docking:dock_pert 3 8

# do not pack sidechains until the membrane is set up
-packing:pack_missing_sidechains 0

Now run the application with the following commandline: 

Rosetta/main/source/bin/score_jd2.linuxgccrelease -database /path/to/db 
-in:file:s 1AFO_tr_AB_ppk.pdb -in:file:native 1AFO_tr_AB.pdb -mp:setup:spanfiles 1AFO_tr_AB.span -nstruct 10 -out:file:scorefile score_dock_1AFO.sc -score:weights mpframework_docking_fa_2015.wts
-mp:scoring:hbond -docking:partners A_B -docking:dock_pert 3 8 -packing:pack_missing_sidechains 0

For production runs, at least 1000 models should be build, typically more.

B. Analyzing results

The models can be analyzed by visualizing the models (or some of them) in Pymol so see the sampling range, plot Rosetta interface score 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. As for the scores, the interface score is typically a better indicator of model quality than the total score. The interface score represents the “energy” contained in the interface and is computed by subtracting the scores of each isolated partner from the score of the complex. 

Additional docking references for this application
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2. Wang, C., Schueler-Furman, O., Baker, D. (2005). Improved side-chain modeling for protein-protein docking Protein Sci 14, 1328-1339.
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