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Striking examples of “moonlighting” proteins include epsilon-crystallin/lactate 
dehydrogenase B4 in ducks, which is the same protein, and the small electron 
shuttle of the mitochondrial inner membrane, cytochrome c, which is also a potent 
apoptosis signal. 
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“Function” may be the most elusive concept we deal with in bioinformatics, which is 
surprising since we use the word in nearly everything we write about biology. But 
the problem is: in biology there really is no such thing as function, only activities, 
behaviour – and function is a concept that we apply to summarize and categorize 
observed behaviour. 
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Let us focus on epistemology first by enumerating some concepts that we usually 
associate with the word function; 
 
Then we need to talk about ways to define abstractions of functions, and use them in 
bioinformatics; 
 
Next we need to discuss how known functions are associated with particular 
biomolecules; 
 
Finally we address strategies of predicting function for unannotated molecules. 



5 

Function can be defined informally at many levels including experimental observation, 
general roles, generic modulation and/or global objectives. 
 
In this KEGG pathway diagram of the human cAMP signalling pathway, aspects of 
function are given as text. These include: 
•  high-level obejctives, such as cell survival; 
•  generic modulation, such as hyperexcitability; 
•  biological processes such as secretion, exocytosis, cytoskeleton restructuring, 

proliferation, apoptosis; 

•  specific roles such as stimulation of fatty acid β-oxidation. 
 
It is not guaranteed that these terms and concepts are constrained between pathway 
representations.  
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Perhaps the most rigorous statement that can be made about function is that it is 
intimately associated with evolution. Even though we know that most evolutionary 
change actually corresponds to neutral drift, in those cases where we identify 
adaptive evolution, by oserving that sequences are under prurifying selection in 
response to selective pressure, we can associate function with an observable! 
 
We can define: the function of a molecule is that aspect of its behaviour that is under 
purifying selection. At least in principle this provides perspectives on experimental 
design. 
 
This provides a ready explanation for observations that evolutionary change 
segrgates with folding units i.e. structural domains. 
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Just as function can be defined on different levels, the anotation of specific 
biomolecules with function information will depend on the database context as much 
as on the molecule itself. 
 
The “function” of individual amino acids in a sequence can be defined with respect to 
structure formation and the 3D-conformation of an active site. Regions may 
contribute to such active sites, as well as to allosteric regulation or other interaction 
sites. Sequence-specific DNA binding is an example of DNA binding. Its outcome 
may be the activation of gene expression (in a transcription factor), which is an 
example of transcriptional regulation, which is a role of elements in a signalling 
pathway. Such relationships like “example of”, “takes part in” ... impart a 
hierarchical structure on our collection of function terms. The signalling pathway 
may have many outcomes which are useful to the cell, the role of our protein may be 
described specifically with reference to the mechanics of the regulation process, or 
more generally as abstract information processing, such as “integration of 
environmental signals”. 
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The three most common representations of function are 
 
E.C. numbers, a systematic enumeration of catalytic activity accordint to the nature 
of the catalyzed reaction; 
 
Pathways, which collect collaborating sets of biomolecules and  thier relationships; 
and 
 
the very extensive GO (Gene Ontology) project and its associated OBO (Open 
Biology Ontologies) – a large project of knowledge engineering that aims to assemble 
all biological processes, molecular functions and cellular components int a 
unified ontology of terms, i.e. associating them hierarchially through is_a and 
has_a relationships. 
 
This means, you can expect such annotations in many databases and use them to 
establish relationships among database entries. 
 
 



9 

Prediction of protein function means annotating proteins for no function is known. 
Three general principles are applied: 
 
Prediction from first principles is sometimes successful if, e.g. the 3D-structure 
contains structural patterns of residues that comprise an enzyme active site. The 
textbook example is the protease catalytic triad. 
 
Prediction by homology is the most common prediction method: homologous 
proteins (i.e. proteins that have diverged from a common ancestor) have similar 
molecular function. That means, to learn about the function of an unnown molecule, 
list the functions of homologous proteins. This is also called annotation transfer. In 
this case, we need to record and distinguish inferred and observed function. 
 
Prediction by association applies annotations to members of sets of proteins that 
are all associated with each other, for example by being part of the same complex, 
having co-regulated expression, being located in the same genomic operon, etc. Often 
association properties are used to construct networks, which are then analyzed. 
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