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  Prion diseases, traditionally referred to as transmissible 
spongiform encephalopathies (TSEs), are invariably fatal 
and highly infectious neurodegenerative diseases that 
affect a wide variety of mammalian species, manifesting as 
scrapie in sheep and goats, bovine spongiform 
encephalopathy (BSE or ‘mad-cow’ disease) in cattle, 
chronic wasting disease (CWD) in deer and elks, and 
Creutzfeldt-Jokob diseases (CJD), Gerstmann-Strussler-
Scheinker (GSS) syndrome, fatal familial insomnia (FFI), 
and kulu in humans, etc. These neurodegenerative diseases 
are caused by the conversion from a soluble normal 
cellular prion protein (PrPC) into insoluble abnormally 
folded infectious prions (PrPSc) and the conversion of 
PrPC→PrPSc is believed to involve conformational change 
from a predominantly α-helical protein to one rich in β-
sheet structure. Such conformational changes may be 
amenable to study by molecular dynamics (MD) 
techniques.  
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For rabbits, classical studies show they have a low 
susceptibility to be infected by PrPSc, but recently 
it was reported that rabbit prion can be generated 
through PMCA in vitro and the rabbit prion is 
infectious and transmissible (Chianini et al. (2012) 
Rabbits are not resistant to prion infection. 
Proceedings of National Academy of Sciences USA 
109(13), 5080-5085). This report studies the NMR 
- X-ray - Homology structures of rabbit prion 
protein wild-type and mutants by MD techniques, 
in order to understand the specific mechanism of 
rabbit prion protein and rabbit prions. (the left rabbit photograph is got from 

http://zooreks.livejournal.com/14322.html , the right two movies are got from website  http://www.pnas.org/content/early/2012/03/12/1120076109/suppl/DCSupplemental) 
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The symptoms of TSEs were first described for sheep 
in 1730 and called “scrapie” in England, “vertige” in 
France and “Traberkrankheit” in Germany (Verdier J-
M (ed.), Prions and Prion Diseases: New 
Developments, New York: NOVA Science Publishers, 
2012, ISBN 978-1-62100-027-3). Now we know that 
many species such as sheep, goats, mice, humans, 
chimpanzees, hamsters, cattle, elks, deer, minks, cats, 
chicken, pigs, turtles, etc. are susceptible to TSEs. But 
many laboratory experiments show that rabbits, horses 
and dogs seem to be the resistant (or at least the low-
susceptibility-rate) species to TSEs. However, recently 
Chianini et al. (2012) reported “rabbits are not 
resistant to prion infection” (Proceedings of National 
Academy of Sciences USA 109(13), 5080-5085). Thus, 
at this moment it is very necessary for us to briefly 
review some laboratory works on RaPrP: Page 4 



 
 
  
• Barlow & Rennie (1976) made many attempts to infect rabbits with the ME7 prion 
strain and other known prion strains but all failed at last (Research in Veterinary Science 
21, 110–111). 
 
• Korth et al. (1997) found that RaPrP was not recognized by a conformational antibody 
specific for PrPSc-like structures (Nature 390, 74–77).  
 

• Loftus & Rogers (1997) cloned rabbit PrP open reading frame (ORF) and 
characterised rabbits as a species with apparent resistance to infection by prions (Gene 
184(2), 215-219). 
 
• Vorberg et al. (2003) found multiple amino acid residues (such as GLY99, MET108, 
SER173, ILE214) within the rabbit prion protein inhibit formation of its abnormal 
isoform (Journal of Virology 77, 2003–2009). The authors made some substitutions of 
mouse PrP amino acid sequence by rabbit PrP amino acid sequence and found (i) at the 
N-terminal region (residues 1–111) the PrPSc formation is totally prevented, (ii) at the 
central region (residues 112–177), the constructed PrP failed to be converted to protease 
resistance, (iii) at the C-terminal region (residues 178–254) the formation of PrPSc is 
drastically decreased but is not abolished completely (Journal of Virology 77, 2003–
2009). Thus, rabbit cells are negatively affected by the formation of PrPSc. 
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• Fernandez-Funez et al. (2009) found RaPrP does not induce neurodegeneration in the 
brains of transgenic flies (PLoS Genetics 5, e1000507). 
 

• Nisbet et al. (2010) created a mutant mouse PrP model containing rabbit PrPspecific 
amino acids at the GPI anchor site and found that the GPI anchor attachment site (ω site) 
controls the ability of PrPC→PrPSc and the residues at  ω and ω+1 of PrP are important 
modulators of this pathogenic process (Journal of Virology 84(13), 6678–6686). 
 
• Khan et al. (2010) found the propensity to form β-state (the β-sheet-rich structure) is 
greatest for hamster PrP, less for mouse PrP, but least for the PrP of rabbits, horses and 
dogs under different conditions and using two-wavelength CD (Circular Dichroism) 
method they also found a key hydrophobic staple-like helix-capping motif keeping the 
stability of RaPrP’s X-ray crystallographic molecular structure (Proceedings of the 
National Academy of Sciences USA 107, 19808-19813) − 3O79.pdb (wild-type). 
 
• Wen et al. (2010) using multidimensional heteronuclear NMR techniques reported that 
the I214V and S173N substitutions result in distinct structural changes for RaPrPC 
(PLoS ONE 5, e13273; Journal of Biological Chemistry 285, 31682–31693). The 
authors also reported the highly ordered β2-α2 loop may contribute to the local as well 
as global stability of the rabbit PrP protein (Journal of Biological Chemistry 285, 
31682–31693) − 2JF3.pdb (wild-type), 2JOH.pdb (S173N), 2JOM.pdb (I214V). 
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• Zhou et al. (2011) found that the crowded physiological agents Ficoll 70 and dextran 
70 have effects significantly inhibiting fibrillation of rabbit prion protein (Biophysical 
Journal 101, 1483–1492; PloS ONE 7, e36288). 
 

• Chianini et al. (2012) generated rabbit PrPSc in vitro subjecting unseeded normal 
rabbit brain homogenate to serial automated protein misfolding cyclic amplification 
(saPMCA) and found the rabbit PrPSc generated in vitro is infectious and transmissible 
(Proceedings of the National Academy of Sciences USA 109(13), 5080-5085). We 
noticed that the rabbit prion is just produced through PMCA in vitro not by challenging 
rabbits directly in vivo with other known prion strains. 
 

• Sweeting et al. (2013) produced X-ray structures of mutants in the β2-α2 loop, still 
looking rabbits as a resistant species, and reported that the helix-capping motif in the 
β2-α2 loop modulates β-state misfolding in rabbit PrP (PLoS ONE 8(5): e63047) – May 
2013. − 4HMR.pdb (S169N/S173N), 4HMM.pdb (S173N), 4HLS.pdb (S169N). 
 
• Vidal et al. (2013) studied the saPMCA and reported that rabbits are an apparently 
resistant species to the original classical cattle BSE (Bovine Spongiform 
Encephalopathy – one of TSEs) prion. (Journal of Neuroscience 33(18), 7778-7786) – 
May 2013. 
 

• Our biophysical studies of PrPC→PrPSc and the pathogenesis of prion diseases: Page 7 



 
 
  Zhang, JP (2011) Comparison studies of the structural stability of rabbit prion protein 
with human and mouse prion proteins. Journal of Theoretical Biology 269, 88–95. 
   
  predominant in α-helices  →  rich in β-sheet  
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Zhang, JP (2010) Studies on the structural stability of rabbit prion protein probed by 
molecular dynamics simulations of its wild-type and mutants. Journal of Theoretical 
Biology 264, 119–122. 
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  The “structural conformational” changes of (rich in β-sheet) PrPSc from 
(predominantly α-helical) PrPC are just very proper to be studied by MD techniques. 
 
Zhang (2010) carried out (i) 15 ns of production phase of MD simulations and (ii) the 
heating phase of MD simulations is starting from 100 K with one set of initial velocity 
(denoted as seed2) (Journal of Theoretical Biology 264, 119–122). This report 
continued to finish another 15 ns of production phase of MD simulations for seed2, and 
carried out other two sets of initial velocities for heating from 100 K (denoted as seed1 
and seed3) of MD simulations with 30 ns of production phases. (arXiv:1304.7633) 
 
                                                                  (Reference: http://arxiv.org/pdf/1304.7633.pdf) 
 
 
 
 
                 PrPC (predominant in α-helices)  →  PrPSc (rich in β-sheet) 
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  MD initial velocity 1 (arXiv:1304.7633):       
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  MD initial velocity 2 (arXiv:1304.7633): 
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  MD initial velocity 3 (arXiv:1304.7633): 
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We have finished MD simulations of rabbit prion proteins’ homology,  X-ray, and NMR 
wild-type and mutant structures: 

DOI: 10.5772/28858 



 
 
 
 
 
 

THANKS! 
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