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Comparing building blocks of life: sequence alignment and evaluation of predicted 
structural and functional features. 
 
by Walter Pirovano, VU University Amsterdam 
 
promotor: prof.dr. Jaap Heringa 
copromotor: dr.ir. K. Anton Feenstra 
 
Introduction 
This thesis describes a four-year study devoted to protein multiple sequence alignment. 
It includes the presentation of several automated strategies to enhance both alignment 
construction and analysis. The large attention paid to this field over nearly four decades is 
mainly justified by its great contribution to function analyses, even though the 
complexity of the information stored in DNA and proteins has not nearly been unraveled. 
In this light the assembly of proper multiple alignments has proved essential in sequence 
analysis despite the fact that even the most successful alignment algorithms can still fail 
to provide reliable alignments. 
 
Research focus 
This study has been an attempt to make both an algorithmic and a practical contribution 
to the field of multiple sequence alignment. We first present a review of the field after 
which we describe important improvements of our widely-used protein multiple 
alignment tool PRALINE. Furthermore we have performed an extensive study on the 
interpretation of multiple sequence alignment with respect to the functional analysis of 
protein subfamilies from multiple sequence alignments. To this end we have developed 
the Sequence Harmony method for the prediction of specificity-determining residues 
from alignments. Finally, we have dedicated two studies to the meaning and 
interpretation of multiple sequence alignments. In particular we have focused on the 
relation between sequence alignment and structural variability of proteins.  
 
The multiple alignment program PRALINE combines primary sequence data with  
predicted secondary structure information 
After an extensive review on multiple sequence alignment methodology, we describe new 
strategies for improving the existing and widely-used multiple alignment program 
PRALINE by using information gained from predicted structural elements. Since a 
protein's structure is more conserved than its sequence, we have attempted to incorporate 
this knowledge to “guide the alignment”. Our initial focus was on improving alignment 
of transmembrane proteins, a special class of proteins that are characterized by their 
settlement in cellular membranes. We achieve this goal by accurately predicting the 
location of transmembrane segments and subsequent application of an alternative 
evolutionary scoring scheme tailored to these regions. Hereafter we have extended this 
approach to a more general application which can be used for the whole protein 
spectrum. Here we use predicted secondary structure information in combination with 
homology-extended alignment to enhance the alignment quality. In addition a 
comprehensive webserver is presented which allows the full combination of all strategies 
proposed (www.ibi.vu.nl/programs/pralinewww). 

http://www.ibi.vu.nl/programs/pralinewww


 
Prediction of subfamily-specific amino acids using the Sequence Harmony method 
We have also taken a closer look at the functional information that is entailed in multiple 
sequence alignments. In particular we zoom in on the issue of functional specificity 
which can explain functional dissimilarity between protein subfamilies. We introduce the 
“Sequence Harmony method” which provides a new entropy-based measure for detecting 
specificity. Whereas conventional methods link specificity determining alignment 
positions to conserved residue patterns within subfamilies, our algorithm captures 
subfamily differences without imposing sequence conservation. In addition it takes 
neighbouring residues into account to determine the intensity of a specificity signal. The 
performance has been tested on experimentally verified mutation data, demonstrating that 
the method accurately selects known functional sites. We also present the Sequence 
Harmony webserver (www.ibi.vu.nl/programs/seqharmwww), which offers a quick and 
intuitive analysis of specificity determining residues via the web. Moreover it allows to 
map the functional residues onto 3D structural data. The user is guided through all stages 
of the analysis using the biological example of plant alternative oxidases. 
 
What is the meaning of alignment? Dynamic proteins versus static alignments. 
Finally we focus on the relationship between structure and sequence alignments. Again 
the central point is that related proteins show a higher degree of conservation at the 
structural level relative to the sequence level. As a consequence, the structural 
superposition of protein 3D structures can provide a fundamental basis in deriving 
principles of sequence relationships. For example the quality of sequence alignment 
routines is evaluated using gold standard alignments, which are derived from structural 
comparisons. However, in spite of the fact that protein structures are dynamic, structure 
and sequence alignments are often presented as static snapshots. The main goal of this 
study was to estimate the effects of structural diversity on both structure and structure-
derived sequence alignments. We observed that even small structural changes can lead to 
severe differences in the derived sequence alignments. As a consequence there is no 
unique best alignment representation possible. These “flexible alignment regions” are 
then further explored by studying their structural features and associated functional 
importance they entail. 

http://www.ibi.vu.nl/programs/seqharmwww

