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Protein misfolding into structures such as amyloids is a key feature 
of many disorders of humans. Neurodegenerative diseases, including 
more than 20 kinds of Parkinson's disease, Alzheimer’s disease (Aβ), 
Huntington's disease, Parkinson’s disease, Prions’ diseases, β-Secretase, 
etc, are protein misfolding diseases. Neurodegenerative diseases are 
also called conformational diseases in that a functional native or mutant 
protein undergoing a conformational transition will lead to protein 
aggregation or formation of amyloid fibrils. This conformational 
transition may be attempted to study by MD (Molecular Dynamics) 
techniques. We also use QM/MM (Quantum Mechanics / Molecular 
Mechanics) approaches (a small active site / substrate region is treated 
with QM with the rest of the system treated with classical MM) to 
predict the structure and relative stability of mutant proteins associated 
with neurodegenerative diseases. Neuro-degenerative diseased amyloid 
fibrils are unstable, non-crystalline and insoluble so that their structures 
are very difficult to be determined in laboratory by experimental X-ray 
crystallography, NMR (Nuclear Magnetic Resonance) spectroscopy, 
dual polarization interferometry. MM (Molecular Modeling) skills 
such as mathematical optimization can allow us to construct many 
amyloid fibril models for neurodegenerative diseases and unstructured 
regions of proteins. This is to say MD, QM/MM, MM computing can 
allow us to study protein misfolding neurodegenerative diseases with 
the amyloid fibril structures. Particularly, this paper will study the PrP 
(113-120) region (AGAAAAGA) of prion diseases to get its MD and 
MM computational molecular structures. Because there is little X-ray 
or NMR structural data available to date on AGAAAAGA, the studies 
of this paper may be useful for the goals of medicinal chemistry.

Firstly, in computational theory, by the fibril prediction program 
[1] we can identify that prion AGAAAAGA (PrP (113-120)) owns the
amyloid fibril formation property (Figure 1).

Secondly, in laboratory works, the prion AGAAAAGA region has 
also been identified to own the amyloid fibril formation property [2-
21]. 

Thirdly, we answer the question “What does the prion amyloid 
fibril structure in AGAAAAGA look like?” Gasset et al. [20] reported 
there are similarities between the PrP sequence AGAAAAGA and 
that of silkworm fibroin, and the homology between PrP sequence 
AGAAAAGAVVGGLGG and that of spider fibroin. Thus, we may say 
that the hydrophobic region of PrP (109-136) should be a region to form 
β-sheets and amyloid polymers, instead of α-helices of the Garnier–
Robson analysis [22]. Our MD and MM (where the β-sheet structure 
is maintained by van der Waals hydrophobic contacts and hydrogen 
bond interactions in 3-dimensional protein structures, which can be 
represented as mathematical optimization problems of Lennard-Jones 
potential energy and hydrogen bond potential energy) computations 
show that prion AGAAAAGA amyloid fibrils should have the Class 7 
(β-strand antiparallel, face=back, up–up) and Class 1 (β-strand parallel, 
face-to-face, up–up) structure of [7,23,4,15].

In conclusion, this paper solves a problem on the amyloid fibril 
structures of prion AGAAAAGA region; it has an amyloid fibril 
β-sheet structure Class 1 or 7. This shows that MD, QM/MM, MM 
computations play a very important role to reveal the protein misfolding 
conformational diseases.  
References

1. Zhang Z, Chen H, Lai L (2007) Identification of amyloid fibril-forming segments 
based on structure and residue-based statistical potential. Bioinformatics 23:
2218-2225.

2. Brown DR (2000) Prion protein peptides: optimal toxicity and peptide blockade 
of toxicity. Mol Cell Neurosci 15: 66-78.

3. Hölscher C, Delius H, Bürkle A (1998) Overexpression of nonconvertible PrPc
delta114-121 in scrapie-infected mouse neuroblastoma cells leads to trans-
dominant inhibition of wild-type PrP(Sc) accumulation. J Virol 72: 1153-1159.

4. Cheng HM, Tsai TW, Huang WY, Lee HK, Lian HY, et al. (2011) Steric zipper
formed by hydrophobic peptide fragment of Syrian hamster prion protein.
Biochemistry 50: 6815-6823.

5. Lee SW, Mou Y, Lin SY, Chou FC, Tseng WH, et al. (2008) Steric zipper of the 
amyloid fibrils formed by residues 109-122 of the Syrian hamster prion protein. 
J MolBiol 378: 1142-1154.

100
75
50
25

0
-25
-50
-75

-100
-125
-150

20   40   60  80   100 120 140 160 180 200 220 240 260

Residue Number

E
ne

rg
y

Figure 1: Identifying the amyloid fibril formation property PrP (113-120) 
AGAAAAGA region is identified to own the amyloid fibril formation property.
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