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Project background

Many protein—protein interactions are mediated by short linear motifs (SLiMs; 3—10 amino acid stretches;
typically found in intrinsically disordered regions; low-to-mid micromolar affinities) (1). The human
proteome is expected to contain tens of thousands of SLiMs. However, to date only ~5000 SLiM
instances have been discovered (2). The field requires scalable and accurate experimental methods to
tackle SLiM discovery. Several approaches have been developed for large scale screening of SLiM-
binding domains against libraries of peptides to define the SLiM-mediated interactomes. However, until
recently the opposing screen, finding a SLiM-binding domain partner of a motif using a SLiM-containing
peptide as bait at a medium/high throughput scale has been difficult. However, the recent development of
the MS-based peptide interactomics methods PRISMA and nHU has opened the field for large scale
screening of peptides (3,4,5). The major aim of this PhD proposal is to develop the experimental and
computational framework required to uncover the elusive SLiM-mediated interactome of the human
proteome using PRISMA and nHU. The resulting framework will be a blueprint for large scale studies to
characterise the function of IDRs on a proteome-wide scale. In this project, we will focus on the key
regulators of the cell cycle - up to half of the residues in the cell cycle proteins are intrinsically disordered
and the vast majority of these regions have not been functionally characterised (1). The proposal will
apply the complementary PRISMA and nHU approaches to sets of putative SLiM-containing peptides
from key cell cycle proteins. The main output of the project will be the definition of an optimal
experimental design for data collection, a framework for the analysis of mass spectrometry-based peptide
interactomics data and prioritisation of biologically relevant binders.



e Develop framework for the analysis of mass spectrometry-based peptide interactomics data and
define the optimal experimental design to collect high quality peptide interactomics data.

o Develop methods for the data integration of SLiM-mediated PPl data from complementary PPI
methods and datasets to define confidence in given interactions.

¢ Predict the conditionality of PPIs within the SLiM-mediated interactions based on the integration of
complementary data.

o Apply the approach to human cell cycle proteins to discover novel motif mediated interaction in the
human proteome

e Produce a resource for the dissemination of SLIM data produced from mass spectrometry-based
peptide interactomics.

Research proposal

The project will apply a cutting-edge MS-based approaches to discover and characterise functional SLIM
elements in IDRs. The goal of the proposal is to produce (i) a framework to characterise an amino acid
resolution map of the IDR-mediated interactome of the cell. The project will integrate the data produced
by peptide-based screens conducted with available motif specificity and interactomics information to
produce high confidence reference maps for the SLIMs.

The proposal has three work packages:

Project 1: Develop framework for the analysis of mass spectrometry-based peptide interactomics
data.

The PhD student will develop a framework for large-scale screens using the MS-based peptide
interactomics PRISMA and nHU approaches (4,5).

o develop methods to process MS data produced by peptide interactomics screens.

e design and screen a set of peptides with known binding partners to allow comprehensive
benchmarking of the framework.

o define the statistical framework or machine learning based approaches to extract the signal from
biologically relevant binders from background noise by integrating information across
interactomics screens for distinct baits.

o define the optimal and most cost-effective experimental design to collect high quality peptide
interactomics data by applying leave one out approaches to controls and replicates.

Project 2: Integration, annotation, and prioritisation of SLiM-mediated PPI data

The PhD student will develop and apply approaches to integrate data collected by the peptide
interactomics screens with complementary datasets to define confidence in given interactions (7,8).

Subproject 2.1: The development of tools to integrate a priori peptide-binding knowledge into peptide MS
data analysis

- leverage the MOMAP database (http://slim.icr.ac.uk/momap/), the largest publicly available repository of
motif instances and motif specificity determinants hosted at the ICR, to annotate known binders in MS
peptide screens and define potential direct interactions at the amino acid resolution.

- the tool will scan bait peptide-binding prey for known motif binding domains, collect the relevant binding
peptides and specificity determinants for these preys from MoMaP, and analyses the bait peptide for
similarity to binding peptides and the presence of binding determinants indicative of direct motif-mediated
interactions.

- software will be made available as an integrated tool in the MoMaP resource and as open-source
software.



http://slim.icr.ac.uk/momap/

Subproject 2.2: The development of pipeline tools for the integration and prioritisation of SLiM-mediated
PPI data will include:

e integrating motif specificity determinant data from the software developed in Subproject 2.1 into
the MS peptide interactomics analysis pipeline developed in Project 1.

o develop methods for the analysis and integration of MS peptide interactomics data with
complementary interactomics datasets including full-length interactomics, structural studies and
phage display screens (6).

e Build simple pipeline to perform brute force AlphaFold-multimer docking of bait peptides with prey
proteins in screens without clear binding partners from a priori information to define novel peptide
domain interfaces.

e integrating the available PTM, interactomic, proteomic and genomic data with the available motif
information to predict the spatiotemporal and cell state conditionality of cell cycle motif-mediated
interactions that allow integrative decision-making in cell regulation.

e creating a condition-specific motif-mediated interactome of proteins to produce testable
predictions regarding the gain and loss of interactions in response to cell state perturbations.

Project 3: Peptide interactomics of human cell cycle proteins

The PhD student will apply the developed framework to a set of peptides from the cell cycle to define the
binding partners of highly conserved regions in the IDRs of cell cycle proteins.
e Design and screen a set of cell cycle peptides.
e Process data and define conditionality of peptides to define PTM-based switching of the
interactions using the framework developed in Project 2.
o Create a web-based resource to disseminate peptide interactomics data produced by the project.
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