BIOENG-320		Synthetic Biology
PROTEIN DESIGN PROJECT

WEEK 1
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 CCR5 CCL5.

Introduction + analysis of CCR5/CCL5 interacting residues

“Your PI (=Principal Investigator) has asked you to take over the project of a former lab member who was trying to design CCR5 variants with increased or decreased binding affinities for CCL5. Your task is to identify key residues involved in CCR5-CCL5 binding by assessing the types of interactions between receptor and ligand. Based on your assessment, you should suggest mutations to achieve the design goal of increasing/decreasing the binding affinity.

Instructions:
· Load the crystal structure of CCR5/CCL5 on Pymol: PDB ID = 7O7F. 
· Remove from the PDB all the subunits you will not be using.

· Task 1: Explain what type of interaction can stabilize or destabilize the protein-ligand complex. Try to find key residues of CCR5 interacting with CCL5. How can you understand whether two residues are interacting, based on the structure?

Luckily for you, your lab mate left you a list of potential mutations that could stabilize or destabilize the interaction between CCR5 and CCL5. However, he forgot to write down what the expected effect of each mutation supposedly is. Importantly, the list of mutations relates to the amino acids of the receptor CCR5, i.e., it’s the receptor that it’s mutated.

· Task 2: Look at the list of potential mutations that your lab mate has chosen (see below). Suggest two mutations that could increase the affinity of CCR5 for CCL5 and two mutations that could decrease it. For this, you should choose different residue positions for each mutation. Explain why you chose those positions and mutations, i.e. what are the types of interaction between CCR5 and CCL5 that you hope to alter through your mutations?

List of mutations
	residue #
	amino acid (wt)
	suggested mutation

	
16
	T
	D, E

	17
	S
	D, E, K

	18
	E
	N

	19
	P
	R

	26
	K
	A, E, Q, Y

	89
	Y
	F, K, R

	109
	F
	K

	172
	E
	K

	173
	G
	K

	174
	L
	S

	180
	S
	A, I

	181
	H
	F

	184
	Y
	F, H, K, R

	185
	S
	K, R

	187
	Y
	F, G, L, Q

	188
	Q
	K

	191
	K
	A, E, L

	194
	Q
	G

	280
	Q
	K, M, R






EXAM-LIKE QUESTIONS (not graded)

a. Describe the application of engineering the CCR5 receptor to increase and decrease the affinity to its ligands CCL5. Why could both be beneficial?
b. Propose two mutations to a) increase and b) decrease the affinity or CCR5 to its ligand and explain the logic behind them. For each mutation provide clear pictures of the place where the mutation will be made, show contacts and distance to support your discussion.
c. Would you see an interest of combining all stabilizing or destabilizing mutations into a single variant? What would be the pros and cons this strategy? Think about the possibility of cumulative effects.
