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1 Introduction.

Structural domains are often considered to be basic units of protein structure. Assignment of
structural domains from atomic coordinates is crucial for understanding protein evolution and
function. Currently there is no good agreement among different assignment methods for what
constitute the basic structural unit, underscoring the complexity of structural domain assignment.
This work discusses tendencies of individual methods and highlights the problematic areas in
assignment of structural domains by experts as well as by fully automated methods.

2 Methods.

Domain assignments were analyzed for three automatic methods (DALI[1], DomainParser[2],
PDP[3]) and three expert methods (AUTHORS[4], CATH][5], SCOP[6]), using a 467-chains dataset
assigned by all 6 methods. The following features were investigated: agreement on the number of
assigned domains, agreement on domain boundaries, distribution of domain sizes and tendency
toward assignment of discontinuous domains. Consensuses among automatic, expert and all
methods were defined and used during comparison to tease out the behaviors specific to individual
assignment methods or groups of methods.

3 Results and Discussion.

We observe that unambiguous domain assignments (when all methods agree on domain
assignment) are confined predominantly to one-domain chains. Agreements among all methods in
multi-domain chains are infrequent; in all cases the domains are compact and clearly spatially
separated. For the majority of multi-domain proteins, there is no agreement on domain assignment
among all methods. From the consensus analysis we observe that the majority of the difficulties of
fully automated methods stem from overwhelming reliance on the structural cues
(compactness/contact density) during domain assignments and the lack of functional/evolutionary
information. Thus the cases in which domains are positioned close together are difficult or
impossible for automatic methods to resolve. On the other hand, the differences in expert methods
arise from different philosophical approaches underlying the specific methods. Authors of the
structures (AUTHORS method) tend to define domains based on functionality, which may produce
small and structurally not clearly defined domains. The creators of SCOP, on the other hand, often
look for the largest common structure (fold) as a domain, which often consists of several distinctive
structural units. The CATH method appears to strike a balance between sometimes contradictory
structural, functional and evolutionary information. The inconsistencies in expert assignments are
well reflected in the propensities of different fully automated methods, as those are trained and
validated using a specific expert method, thus reflecting its philosophical biases. Detailed analysis
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of structures which do not have consensus between the assignment methods regarding the number
of assigned domains indicates the following problematic areas: (1) assignment of small domains,
(2) discontinuous domains and unassigned regions in the structure, (3) splitting of the secondary
structure elements between domains (if required), (4) convoluted domain interfaces and
complicated architectures. Comprehensive domain re-definition, which takes into account the
above issues is overdue and will be a great step toward improvement of domain definitions in
multi-domain proteins, which represent (by an estimation [7]) 66-75% of the sequence database.
Also, the intensive growth of 3D protein data demands fully automated approaches to be used to
maintain currency and uniformity of domain information relative to the PDB.
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Figurel. Distribution of single- and multi-domain structures within different consensuses of
domain assignment methods.
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