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            Abstract
Incorrect folding of proteins, leading to aggregation and amyloid formation, is associated with a group of highly debilitating medical conditions1,2 including Alzheimer's disease and late-onset diabetes. The issue of how unwanted protein association is normally avoided in a living system is particularly significant in the context of the evolution of multidomain proteins, which account for over 70% of all eukaryotic proteins3, where the effective local protein concentration in the vicinity of each domain is very high. Here we describe the aggregation kinetics of multidomain protein constructs of immunoglobulin domains and the ability of different homologous domains to aggregate together. We show that aggregation of these proteins is a specific process and that the efficiency of coaggregation between different domains decreases markedly with decreasing sequence identity. Thus, whereas immunoglobulin domains with more than about 70% identity are highly prone to coaggregation, those with less than 30â€“40% sequence identity do not detectably interact. A bioinformatics analysis of consecutive homologous domains in large multidomain proteins shows that such domains almost exclusively have sequence identities of less than 40%, in other words below the level at which coaggregation is likely to be efficient. We propose that such low sequence identities could have a crucial and general role in safeguarding proteins against misfolding and aggregation.
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                    Figure 1: 
                        Aggregation of TI I27.
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Figure 2: 
                        Analysis of the extent of coaggregation of different proteins with TI I27.
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Figure 3: 
                        Analysis of sequence identities of immunoglobulin and fibronectin type III domains in the human genome.
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Keeping proteins apart
The tendency for proteins to aggregate is a problem that any living system must overcome. Conditions such as Alzheimer's disease and late-onset diabetes show what can happen if aggregation is not controlled. Two systems that suppress aggregation, molecular chaperones and quality control proteins, have been widely studied, but little is known about how selective pressure on amino acid sequences might contribute. A study of the giant molecule titin now shows that the sequences of multidomain proteins may have have evolved to reduce the probability of misfolding and aggregation. Titin is well suited to this study as its component immunoglobulin domains unfold and refold as an intrinsic part of muscle action. The results show that although equivalent immunoglobulin domains from different organisms frequently have around 95% sequence identity, sequence identity between adjacent domains in a given protein is only about 25%. Calculations suggest that neighbouring domain sequence identity over 30â€“40% could cause misfolding and unwanted inter-domain aggregation.
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