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Summary

The network of interactions between proteins is the scaffold that shapes

the properties of every living cell. Whether it is enzymatic pathways or

cascades of signal transduction, most processes rely on the ability of proteins

to recognise and bind each other. New experimental techniques have fuelled

interest in these networks, leading to a rapid increase in available data on

protein interactions from various species.

In the first part of this thesis, I investigate to what extent networks of

protein interactions are mediated by conserved regions in proteins, gener-

ally called domains. I make use of a set of domain pairs which have been

shown to interact in 3-dimensional structures. By analysing the frequency

of co-occurrence of these domain pairs in networks of protein interactions

from five different species, I show that some domain pairs form reusable

recognition modules, while others are confined to a specific protein pair.

Overall, the number of known protein interactions that contain a domain

pair with known structure is small. This underlines the necessity to resolve

more structures of interacting proteins. Finally, I observe a large overlap in

the domain pairs present in different species, suggesting many recognition

modules are ancient in origin.

In the second part of my thesis, I combine sequence analysis techniques to

investigate the impact of protein interactions on human diseases. I make

use of the detailed information provided by 3-dimensional structures to
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identify interacting residues within known protein domains. I then use

hidden Markov models to search for structurally corresponding residues in

proteins that cause genetic diseases. I identify cases where these structurally

corresponding residues have been reported to cause Mendelian disorders,

such as an Ile to Val substitution in the dimerisation interface of the H-

Twist transcription factor leading to Baller-Gerold syndrome. I report 1428

mutations which potentially affect a protein interaction. This corresponds

to ≈ 4% of all known single-residue mutations.

I found that mutations in interaction interfaces frequently cause dominant

phenotypes. I subsequently discovered that many dosage sensitive genes

related to human disease are members of protein complexes. From the anal-

ysis of recently published data of gene expression and structural variation

between individuals it emerges that members of protein complexes exhibit

lower expressional noise than the rest of the genome and that variation of

gene copy-number between individuals has a measurable effect on dosage.

I show that this effect causes negative selection against large scale copy-

number variations in dosage sensitive genes, such as members of protein

complexes.
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