How to predict structure of fused protein chimeras correctly?
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Allosteric modulation of proteins is a very well known and studied phenomenon. However, do we pay enough attention to the effect of neighboring domains inside the protein structure? Is it possible that inter-domain communication determines specific domain arrangement throughout evolution? And most importantly, can we utilize such features in our favor? We search for an ideal prediction tool that will allow us to predict the structure of fusion proteins correctly, so that the model can be subsequently used either as a prior screen by experimentalists, or as a viable model for further computational studies.
For example, looking at the protein assembly, several types of domains can be found. Some are only observed in one-domain proteins, other can be found only in large multi-domain proteins. Some domains have very strictly defined neighbors, other occur in many different contexts. Remarkably, there are widespread domains that exhibit different properties and functions in different structural context, although their overall 3D structure is the same. Moreover, it seems that this property is common through the proteome of a single organism as well as through the whole phylogenetic tree. We aim to determine what are the best tools to predict and classify such behavior.
To choose an appropriate tool, we have performed a systematic study of artificial fusion of well characterized protein domains. We have created a set of domain combinations that cannot be found in the nature, so that the influence of natural contacts and coevolution between domains would be eliminated. The primary domain of interest is the PDZ domain, which matches the required properties for following reasons: it occurs in plethora of proteins involved in membrane to cytoskeleton signaling, appears both in single and multiple copies in one protein, recent research suggests that its substrate binding is affected by surrounding structural elements and, in various proteins, it displays different specificities and affinities towards its binding partners despite the conservation of its overall tertiary structure. The domain combinations in the set are artificial fusion two-domain chimeras, where the invariable domain is PDZ. The domains in the variable position are artificially prepared domains – rather small, well defined, and reasonably fast folding. On these proteins, we perform both the computational modeling and experimental determination of the structure, to measure the feasibility of different computational prediction models.
We show evidence that the design of new protein domain-combinations is affected by the often-overlooked inter-domain communication. In the future, we aim to apply the results to allosteric modulation mechanism involved in inter-domain communication, with potential pharmacological outcomes.
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