Protein Conformation Diseases: Catalytic Action of Proteins and Nucleic Acids on Protein Folding
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Protein misfolding has been implicated in a large number of diseases, which are now grouped under the name of Protein Folding Disorders (PFDs). In principle, protein-folding diseases can be divided into two groups. In the group of diseases known as amyloidoses, large quantities of wrongly folded proteins undergo aggregation destroying brain cells and other tissues. Such disorders include Alzheimer’s disease, Parkinson’s disease, transmissible spongiform encephalopathies, familial amyloid polyneuropathy, Huntington’s disease, type II diabetes, among several other well-known diseases. In the other group, a small genetic error, usually affecting a single amino acid residue, leads to a misfolded conformation, which either affects its function or makes it extremely susceptible to cellular proteases. These latter diseases include cystic fibrosis, inherited emphysema, and some types of cancer. Most human cancers ((50%) result from mutations in the p53 protein, mainly at its core domain (p53/DBD), affecting the DNA binding ability or the protein stability. In some of these diseases, both aggregation and lack of function may contribute to its pathogenesis. In the case of prions, the remarkable additional property is that they are infectious; they cause transmissible spongiform encephalopathies, such as the mad cow disease and its human counterpart, new-variant Creutzfeldt-Jakob disease. 


In the last years we have used several spectroscopic and structural tools to tackle the problem of protein misfolding (1-3). To understand the contribution of partially folded intermediates to the development of aggregates and amyloids, we have used hydrostatic pressure as an important tool (1-3). Pressure populates partially folding intermediates at the junction between productive and off-pathway folding, which give rise into misfolded proteins, aggregates and amyloids. The participation of nucleic acid and protein chaperones in the misfolding process has also been investigated. In the case of the prion protein, we have found that the recombinant murine prion protein and prion domains bind with high affinity to DNA sequences (4). At high concentration, fibers (or peptide aggregates) can rescue the peptide bound to the DNA, converting it to the aggregating form. Our results indicate that a macromolecular complex of prion-DNA may act as an intermediate for the formation of the growing fiber. We propose that host nucleic acid may modulate the delicate balance between the cellular and the misfolded conformations, by reducing the protein mobility and by making the protein-protein interactions more likely. In our model, the infectious material would act as a seed to rescue the protein bound to nucleic acid. According nucleic acid would be a very effective catalyst of prion conversion. The interplay between nucleic acid binding and the misfolding reaction seems to occur also in the case of cancer pathogenesis  cancer related to the malfunction of tumor suppressor protein p53 (5, 6).
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