Conversion of Normal to Infectious Prion Proteins
Introduction


Transmissible spongiform encephalopathies (TSE) are rare and lethal degenerative diseases affecting mammalian brain tissue. These diseases give a very characteristic post-mortem appearance in the brain cortex, consisting of large vacuoles and plaque lesions (Lehninger). In 1982, a group of scientists headed by Stanley Prusiner identified the causative agent of TSE as a single protein termed prion, for proteinaceous infectious particle (Lehninger). The prion protein occurs normally in all mammalian brain tissue, termed PrPc. However, disease presents in the presence of PrPc in an altered conformation, termed PrPSc. The conversion of PrPc to PrPSc plays a crucial role in the development of prion disease. The exact mechanism for the conversion of normal PrPc to infectious PrPSc and its relationship to a pathological state is not known, but there have been many experimental findings providing evidence for a conversion mechanism. Discussed here are insight into experimental findings and research into the generation of these infectious prions, and how normal PrPc can be converted to PrPSc.
Prion Propagation into Infectious Agents

Spongiform encephalopathies can develop in many mammals, most notably in sheep as the disease scrapie, in cows as bovine spongiform encephalopathy (BSE, also called “mad cow disease”), and in humans as Creutzfeld-Jakob disease (CJD), Kuru, and Gerstmann-Staussler-Scheinker syndrome (GSS). These diseases can be both inherited or acquired. Despite the rare occurrences of these diseases, much effort has been put into determining their causative agent (Collinge). Studies on infected brain tissue in the 1980s named a single protein, called a prion, as the infectious agent. This is a novel pathological agent due to its protein-only characteristics and lack of nucleic acids, unlike other conventional infectious agents such as viruses, bacteria, fungi, plasmids and viroids (Prusiner). Perhaps more interesting is that while normal cellular prion proteins are host encoded and occur normally in mammalian brain tissue, termed PrPc, infectious prion proteins occur not through a change in the primary amino acid sequence of PrPc, but in a misfolded conformation occurring post-translationally and non-covalently (Hill). The function of normal cellular PrP glycoproteins is not clear, but they are thought to play a role in signaling. The infectious form however, plays a clear role in forming aggregates in brain tissue known as amyloid fibrils (Lehninger). When the gene coding for the PrP protein, PRNP, was removed, it caused no deleterious effects on brain tissue in mice. This further supports the findings that neurodegenerative brain disease will occur due to an accumulation of PrPSc, rather than a deficiency in PrPc (Pan).
The crucial event in prion pathogensis is the conversion of PrPc to PrPsc, and knowledge of the exact mechanism of conversion is scarce. The two prion isoforms have identical amino acid sequences with different conformations and therefore different physical properties. Normal cellular PrPc cannot cause infection, and studies on its tertiary structure reveal a high alpha helical content (about 40%) and low beta pleated sheet content. Infectious PrPSc, however, has been shown to have a lower amount of alpha helical structures (around 20%) and a higher amount of beta pleated sheets (50%), which is much higher than is predicted from the amino acid sequence (Pan). Figure A shows structures of both prion protein isoforms.
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Figure A. Graphic showing both prion protein isoforms. PrPc is located on the left and the β-rich PrPSc protein is on the right.
The two prion proteins can also be distinguished by the isolation of the β-sheet rich PrPSc as soluble aggregates, which are seen as noticeable aggregates in infected brain tissue (Hill). An additional experimental observation is the digestion of PrPc and PrPSc with proteinase K. While PrPc was completely digested by proteinase K, the PrPSc protein was only partially digested, indicating proteinase resistance. The partial digestion of PrPSc produces a highly infectious, rod shaped fragment designated as PrP 27-30 (Pan). The fact that the primary amino acid sequence of both PrPc and PrPSc remains the same while the secondary and tertiary structures differ is due to a post-translational mechanism of conversion. Since there has been no evidence of a chemical modification for this conversion, a mode of conformational change must take place (Pan).
Exactly how the PrPc ( PrPSc conversion happens is still not completely known. In 1993, Pan et al. showed experimentally that the formation of infectious PrPSc proteins was dependent on the conversion of α-helices in PrPc to β-sheets (Pan). It has been shown that the interaction of a misfolded PrPSc protein with a PrPc protein can convert the normal cellular PrP protein to an infectious one, thus causing a “domino affect” of PrP conversions and occurrence of the characteristic aggregates that present during spongiform encephalopathy diseases (Lehninger). This mode of conversion was modeled in vitro by Saborio et al., involving a new process called protein misfolding cyclic amplification (PMCA). This process involves taking healthy brain homogenate from hamsters and mixing with infectious PrPSc, and then subjecting the hamsters to various incubation and sonication cycles. Brain samples from the hamsters could then be digested with proteinase K, which would get rid of any PrPc proteins and leave only PrPSc aggregates for quantification. This experiment was repeated by Bieschke et al., and showed that not only did the original PrPSc aggregates cause conversion of PrPc to PrPSc, but newly formed PrPSc aggregates could also convert PrPc (Bieschke). 
Once an infectious PrPSc protein has been developed within a mammal, it complexes with additional PrPc proteins to further prion propagation. Recently, Norstrom and Mastrianni showed experimentally that the formation of a PrPSc-PrPc complex that leads to prion propagation is dependent on the N-terminal hydrophobic palindrome of PrP (112-AGAAAAGA-119) (Norstrom and Mastrianni). Experiments comparing wild type PrP to PrP lacking the palindrome showed that PrP lacking the palindrome could not convert to PrPSc, and also did not generate proteinase K resistance. These results lend evidence that the PrPc-PrPSc complex that leads to prion pathogensis is dependent on the N-terminal hydrophobic palindrome of PrP. 
A further twist in the quest to determine the PrP protein conversion came in 1995 when three teenagers in the UK became infected with CJD. Previously, human infection with CJD happened either sporadically or through genetic mutations, with onset of the disease usually in the 45 – 75 year old range (Collinge). In addition, the annual number of CJD cases was about one case per million people, occurring randomly with no case clustering. Also, it was previously thought that there was a distinct species barrier regarding prions, and prions from one species could not infect another species (Horwich). These new cases were unique in that the cluster of CJD cases in the UK, had a very early onset age, and the brain plaques were characteristic of kuru. All of these factors lead scientists to believe that a new prion disease had emerged. The new disease was named “new variant CJD.” Soon a link was made between the new vCJD disease and BSE disease from cows, when biochemical markers were utilized and distinguished vCJD from any previous form of CJD. With this new evidence, it was concluded that humans could acquire spongiform encephalopathy from eating meat infected with BSE (Howich). This new evidence shows that prion diseases can be transmissible from one species to another and PrPSc from cows and autocatalyze the conversion of human PrPc to PrPSc.
Conclusion

The causative agent of a group of transmissible spongiform encephalopathy diseases is a single proteinaceous infectious particle called a prion. Despite the abundant research devoted to prions, their mechanism of infectivity and pathogenesis is still largely unclear. Since the discovery of these novel pathogens in the 1980s, they have perplexed the scientific community. The mechanism of conversion of normal cellular PrP protein to infectious PrP protein is unclear, but revolves around the conformational change of α-helices to β-sheet structures causing a misfolded, infectious prion (PrPSc). Additionally, the physical interaction of a misfolded prion with a normal prion causes the autocatalytic conversion to infectious protein. This was shown experimentally through the use of protein misfolding cyclic amplification (PMCA) using hamster brain homogenate. The formation of a PrPc-PrPSc complex leading to prion propagation and pathogensis is also dependent on the N-terminal hydrophobic palindrome of PrP (112-AGAAAAGA-119). In addition, prion propagation can occur between species, shown in the occurrence of human vCJD resulting from acquiring BSE from cows. All of these findings lend evidence to the hypothesis that prion diseases occur from conformational changes in proteins.
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