BIOENG-320		Synthetic Biology
PROTEIN DESIGN PROJECT

WEEK 2
Prerequisites

· Install Pymol
https://www.pymol.org/ 


Project guidelines

The aim of the project is to make you familiar with the types of interactions that drive receptor-ligand binding, and how the ligand-binding interface of the receptor can be engineered to alter the affinity for the ligand. As a model system we will be using the chemokine receptor 5 (CCR5, a membrane protein belonging to the family of G-protein coupled receptors (GPCRs)) and one of its ligands, CCL5. We will go through the workflow of analyzing (experimental or modelled) structures to identify key interactions between the receptor and the ligand, and we will discuss strategies to increase/decrease the binding affinity of the CCR5-CCL5 complex.


Assessing how the mutations affect receptor-ligand interaction:
Utilizing Rosetta, we have generated models of the CCR5 mutant – CCL5 complexes for all variants listed in the table from the previous exercise. You can access the models for the wild type CCR5-CCL5 complex and the various mutants on Moodle, named "WILD-TYPE.pdb" and "MUTANT_XnY.pdb" (where X represents the wild type residue, n denotes the residue number, and Y corresponds to the mutant residue) respectively.

· Task 1: Load the models of the wild-type CCR5-CCL5 complex and the four mutants that you selected in the previous exercise to either stabilize or destabilize the receptor-ligand interaction. Evaluate the RMSD (root mean square deviation) with respect to the wild-type receptor for each mutant model and determine if the mutation caused significant structural alterations to the receptor scaffold.

How to align two models and compute RMSD: You can utilize the PyMOL command "align name1,name2", or select "align" from the action menu ("A") in the mutant model, then choose "to molecule (*/CA)" and "WILD-TYPE". PyMOL will display the RMSD value of the alignment above the command line.
-> Around which value can the RMSD be considered as too “high” (= there is a significant discrepancy between the aligned structures)?



· Task 2: Examine the impact of your mutations. Based on the predicted structures, do you think the mutation(s) worked successfully in its purpose? Argue based on the formation, or disruption, of the receptor-ligand residue interactions. Pay attention to the distance between the side-chains and/or main-chains of the interacting residues (i.e. are they within sufficient proximity to form ionic bonds, H-bonds, …)?

Please note: 

1. Focus on the mutated residue: When introducing a mutation, the entire receptor structure can be affected because the mutation influences the surrounding interactions and overall protein conformation. However, for the purpose of this project, your evaluation on the impact of your mutations should focus solely on the specific residue you mutated, without considering broader structural changes in the protein (i.e. other new interactions formed or broken).

2. Unintended outcomes are normal: Sometimes, a mutation may not produce the expected new interaction. This can happen for various reasons, such as the mutation creating an unstable or transient interaction, the structural snapshot not capturing the receptor's dynamic behavior, or the local environment preventing proper bond formation. If a stabilizing mutation does not appear to work, don’t worry—this is a natural part of protein design and highlights the complexity of molecular interactions! The discussion of your findings is more important than the success or failure of your mutations.


· Task 3: In case of design failure, try to think about potential reasons that could explain why your mutations failed. Consider the RMSD observed earlier, as well as the predicted structure. Do they suggest significant modifications to your protein structure, backbone, or sidechains compared to the native receptor? 
