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Abstract

Danneskiold-Samsge and co-workers have developed an in silico screening pipeline based
on Alphafold2 for identifying single-pass transmembrane receptors for secreted peptides that
play important roles in cell-cell signaling. Their approach can be used to de-orphanize a
diverse range of ligands. The overall strategy can be valuable in screening for weak and
transient interactions.

Main text

Cell-cell communication and signaling occur through interactions between membrane-bound
receptors and secreted peptides acting as signaling molecules. Although more than two
thousand known secreted peptides (ligands) exist in humans, only a tiny fraction of these have
known receptors. Similarly, a large fraction of human receptors do not have a known ligand.
Experimental identification of ligand-receptor pairs is challenging and time-consuming since
these interactions are weak and transient and involve membrane proteins. However,
characterizing these interactions is essential for understanding the mechanistic details of cell-
cell communication as well as for probing their therapeutic potential®.

In the study by Danneskiold-Samsge and co-workers?, the authors establish the use of
Alphafold2 as a rapid tool to screen interactions between extracellular peptides and membrane
receptors?. Alphafold and related methods have revolutionized structural biology by enabling
accurate proteome-wide characterization of protein structures, facilitating improved structure
determination for protein-protein complexes, and large assemblies®. Alphafold has been
established as a tool for screening protein-protein interactions (identifying protein pairs that
interact), enabling the identification of new interactions in proteome-wide screens*®. Tools
such as AlphaPulldown have been developed for performing in silico screens using Alphafold®.
The interface predicted template matching (interface pTM) score is commonly used as the
metric for determining if two proteins interact*. Previous studies have shown that Alphafold2
can be used to determine structures of protein-peptide complexes, with careful choice of input
sequence fragments and multiple sequence alignment strategies’®. This is one of the first
studies to demonstrate the use of Alphafold for screening protein-peptide interactions.

In 1, the authors used Alphafold2 to de-orphanize secreted peptide ligands by identifying
single-pass transmembrane receptors that bind to them. They first constructed a library of
around one thousand single-pass human transmembrane receptors distributed across a range
of tissue types and functions. Similarly, a library of secreted proteins containing close to two
thousand entries was constructed. The choice of ligand sequence fragment: secreted or full-
length peptide, did not affect the prediction accuracy significantly. In contrast, the choice of
receptor sequence fragment mattered: using the extra-cellular sequence alone improved the
prediction accuracy over using the full-length sequence. It is important to account for the
membrane topology while constructing the input to Alphafold2, as it is blind to the membrane
topology, and can sometimes predict structures with interlinked membranous, extracellular,
and intracellular domains®. An earlier smaller-scale study using Alphafold2 for screening



ligands for membrane-bound receptors also used membrane topology as an additional filter
for post-processing structures®.

A key strength of the study is the benchmarking of Alphafold2 performance on a large number
of structurally and functionally diverse receptor-ligand pairs, with careful attention paid to
ensure no overlap with the Alphafold2 training set. The approach is limited by the
computational time required for screening with large libraries with Alphafold2. Future
improvements to the pipeline can look for ways to make it more efficient, for example, by pre-
computing the MSA for each receptor®. Another limitation is the low accuracy on longer input
sequences, which can perhaps be addressed by sequence fragmentation strategies’®. The
current approach by ! is of broad applicability and can be readily used for de-orphanizing a
range of secreted ligands such as tyrosine kinase ligands and hormones. It can also be
extended to multi-pass membrane proteins such as G-protein coupled receptors, which hold
significant pharmaceutical interest.

A significant fraction of eukaryotic proteins do not have an assigned cellular function. Since
proteins perform their functions by interacting with other proteins and biomolecules, methods
that elucidate these protein interactions can provide insights into protein function. De-
orphanizing proteins is an exciting application of Alphafold, which is now a state-of-the-art
method for predicting protein-protein interactions®. The study by Danneskiold-Samsge and co-
workers! and other studies on screening for protein-protein interactions with Alphafold*®
suggests a promising approach for de-orphanizing proteins based on their interactions. A
candidate set of interacting pairs in a sub-cellular neighborhood can be obtained by filtering
proteins by sub-cellular localization, or by using information from high-throughput experiments
such as mass spectrometry and genetic screens. The input sequences of the pairs can be
delineated based on their domains, and Alphafold metrics such as the interface pTM and
interface PAE (predicted aligned error) can be used to identify potential interactions efficiently.
This approach will be especially valuable in cases where the interactions are weak, transient,
and challenging to characterize experimentally, such as those involved in signal transduction
pathways.

The newest version of Alphafold, Alphafold3, holds exciting promise in this direction. The
computational time for predictions has decreased significantly, longer input sequences can be
used, and small molecules, DNA, and RNA can now be modeled®. This implies that the
receptor and ligand can be modeled as oligomers if they are known to form them. Co-factors
can also be used to provide additional context for predicting interactions. With these new
advances in Alphafold, it is also tempting to speculate if protein-small molecule interactions
can be screened using similar approaches. Future research will hopefully provide more
insights in this direction.
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