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Summary

This thesis presents a study on the topic of protein sequence specificity. In a broad
sense, sequence specificity is the way in which the amino acid sequence of a pro-
tein results in its structural and functional properties. In particular, this thesis is
concerned with two instances of sequence specificity: the study of small sequence
motifs,which are directly involved in protein function; and of more broad sequence
changes, which influence the way in which a protein folds into its active conforma-
tion. Below follows a short description of each of the chapters of the thesis.

In Chapter 2, the PRALINE 2 framework is presented. PRALINE 2 is a complete
reimplementation of the PSI-PRALINE sequence alignment program. Additionally,
the framework makes it possible to provide multiple sources of sequence informa-
tion, which are then used to improve the accuracy of the alignment scoring. The
PRALINE 2 framework, available as open source software, serves as the basis for the
methods described in Chapter 3 and Chapter 4. For standalone usage, the frame-
work comes with extensive documentation, and a number of examples, showing a
user how to implement simple as well as more complex use cases.

Chapter 3 describes MA-PRALINE, a protein sequence alignment program that
is able to incorporate sequence motifs into its alignment scoring. Sequence motifs are
small, semi-localised patterns in a protein or nucleotide sequence, that serve some
functional role. In MA-PRALINE, in addition to the protein sequence, a list of motif
patterns can be provided to the program. If matches against these patterns are found
in the input sequences, these positions are treated as more important to quality of the
output alignment, through a weighting parameter. To estimate the parametrisation
of MA-PRALINE, the chapter contains a study of motif conservation in protein
sequences. These results are then compared against a benchmark of the program,
yielding a range of parameter values where the program improves on alignment
quality and relevance. MA-PRALINE, like the PRALINE 2 framework it is built
on, is open source software and available on GitHub.

Chapter 4 also deals with sequence motifs, in this case transcription factor bind-
ing sites (TFBS). A TFBS is a small stretch of nucleotides in the genome, which
function as a molecular switch, to turn the activity of genes on and o↵. The chapter
presents the ConBind web server. ConBind allows a user to align evolutionarily
related regions of DNA from the genomes of multiple species, in order to detect con-
servation of transcription factor binding sites. Evolutionary conservation is a strong
indication that the TFBS is functionally active and not a spurious occurrence. Con-
Bind is validated through a TFBS knockout study; it is able to detect multiple
instances of active TFBS motifs, which would not have been identified otherwise.

Departing from the motifs, Chapter 5 contains a study of the molten globule
state, a protein folding intermediate. It is shown, by designing protein sequences for
a simplified model of protein folding, that it is possible to change the propensity for
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molten globules during folding, while keeping the desired native conformation fixed.
This implies that the appearance of molten globule intermediates is not intrinsically
tied to the native state of a protein, and can conceivably be modified by protein
engineering to, for example, tune the temperature window in which a protein is
active in vivo. Additionally, the characteristics of the molten globules that are seen
in the computational experiments closely match experimental observations of molten
globules in real-world proteins.


