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0. Introduction to Prions and
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Introduction to prion diséases (Prionsy™ = ==
Unlike conventional infectious diseases which requwe
that a microorganism bring DNA, RNA or both into the
body, prion diseases can be caused by the body’s own
proteins.

Prions differ from conventional infectious agents in being
nighly resistant to treatments that destroy the nucleic
acids found in bacteria and viruses.

A prion Is neither a virus, a bacteria nor any
microorganism so the disease cannot be caused by the
N}gﬂance of the organism immune system @nd it can = res
sQread from one spec:les to nother speues g
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Nobel Prize in

~1':}3.s).=,"?'-.- AN
;i CLASSIC CJD

Mature Human Prion Protein 208 amino acids.
Showing the GSS polymorphisms: P102L, P105L, A117V,
G131V, H187R, F198S, D202N, Q212P and Q217R

30 50
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GG PG
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Horses are
not easily “mad”:

Jiapu Zhang (2011)
Molecular Dynamics -
Practical Application:
== Mechanism underlying the
. resistance to prion
diseases in rabbits. ISBN
978-3-8465-4843-1.
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1. MD (Molecular Dynamics)
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RaPrP S173N mutant

Rabbit PrP
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The Dynamics of molecular structures of RaPrP (at 300 K):
predominai%tfin a-helices — rich in [-sheet
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My proposed reasons for the “structural
conformational” changes of PrPC—PrPSc:

» The salt bridge net;

greaﬂy 10 e StrUCtumiw of RaPrP v IICI
Biol 342(1) 70-82].

» Surface electrostatic charge distributions contribute
greatly to the structural stability of RaPrP
.LB glnformatlcs Research New _/levql_opments e
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| imin=~1, maxcyc:200;
ntpr=5,
ntr=1,
&end
Group input for restrained atoms
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RES 1 155
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Jiapu Zhang, Jie-Sun, ChangzhtWu (2011) Optimal atomic-resolution
structures of prion AGAAAAGA amyloid fibrils. J Theor Biol
279(1) 17-28.

Jiapu Zhang, Yating Hou, Yiju Wang, Changyu Wang and Xiangsun
Zhang (2012) The LBFGS quasi-Newtonian method for
molecular modeling prion AGAAAAGA amyloid fibril, Natural
Science 4(12A) (Issue: Bioinformatics, Proteomics, Systems
Biology and Their Impacts to Biomedicine) 1097-1108.

Jiapu Zhang, David Y Gao, John Yearwood (2011) A novel canonical
dual computational approach for prion AGAAAAGA amyloid
fibril molecular modelling. J Theor Biol 284 (1) 149-157.

Jiapu Zhang (2011) Optimal molecular structures of prion
AGAAAAGA palindrome amyloid fibrils formatted by simulated
annealing. J Mol Model 17 (1) 173-179.

Jiapu Zhang (2011) Practical global optimization computing methods
In molecular modeling — for atomic-resolution structures of
amyloid fibrils. ISBN 978-3-8465-2139-7.
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“Jiapu.Zhang, Jie Sun, Changzhi'Wu (2011) Optimal atomic-resolution™ "
structures of prion AGAAAAGA amyloid fibrils. J Theor Biol
279(1) 17-28.
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Jiapu Zhang, Yating Hou,. Y1ju Wang, Changyu Wang and Xiangsun Zhang (2012) The
LBFGS guasi-Newtonian method for molecular modeling prion AGAAAAGA
amyloid fibril, Natural Science 4(12A) (Issue: Bioinformatics, Proteomics,
Systems Biology and Their Impacts to Biomedicine) 1097-1108:

“In a (macro) molecular system, if it 1s very far from equilibrium, then the forces may be
excessively large, a robust energy minimization (EM) is required; another reason to
perform an EM is the removal of all kinetic energy from the system: EM reduces the
thermal noise in the structures and potential energies [20]. EM, with the images at the
endpoints fixed in space, of the total system energy provides a minimum energy path. EM
can be done using steepest descent (SD), conjugate gradient (CG), and Limited-memory
Broyden Fletcher Goldfarb Shanno (LBFGS) methods.”

“SD local search method converges fast [21]. SD is robust and easy to implement but it is not
most efficient especially when closer to minimum; at this moment, we may use the
efficient CG. CG is slower than SD in the early stages but more efficient when closer to
minimum. The hybrid of SD-CG will make SD or CG more efficient than SD or CG alone.
However, CG cannot be used to find the EM path, for example, when “forces are truncated
according to the tangent direction, making it impossible to define a Lagrangian” [22,23].
In this case, the powerful and faster quasi-Newtonian method (e.g. the LBFGS quasi-
Newtonian minimiser) can be used [22,24-28]. The relaxation is done in the use of local
search LBFGS Quasi-Newton method (Ibfgs_memory_depth = 3) within AMBER L}/61
[23].”
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3. QM/MM (Quantum Mechanics
| Molecular Mechanics)
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BOND

NB-CU 70.000 2.05000 #kludge by JRS
CU-S 70.000 2.10000 #kludge by JRS
CU-SM 70.000 2.90000 #for pcy

CT-SM 222.000 1.81000 #met(aa)

ANGLE
CU-NB-CV 50.000 126.700 #JRS estimate
CU-NB-CR 50.000 126.700 #JRS estimate

CP 50.000 126.700 #JRS estimate g
) 9 " - . - .._‘WW‘G-" & g
50.000 126.700 #JRS estimate g

‘-.‘_. —

50.000 120.000 #JRS estimate
120.000 #JRS estimate




110.000 #dac estima

s 10.000 #dac estimate
‘ 5" 50.000 120.000 #JRS estimate \" .

-SM 50000 114.700 #met(aa) .

HC-CT-SM 35.000 109.500

H1-CT-SM 35.000 109.500

CT-SM-CT 62.000 98.900 #MET(OL)

DIHE

X-NB-CU-X 1 0.000 180.000 3.000

X-CU-SM-X 1 0.000 180.000 3.000

X -CU-S -X it 0.000 180.000 3.000

X -CT-SM-X 3 1.000 0.000 3.000
NONBON

S 2.20 0.200
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codes (http://ambermd.o torials/ad

e QMMM
\

f T4 .'(- )
in=1, maxcyc=500, ncyc=200, -
CE=8¥0.ntb=1, ntc=2,.nii=2,

ifgnt=1 //This is the flag that tells sander that we want a QMMM run. It will then look for a &gmmm namelist.

/

&gmmm

gmmask="1-2', /[This specifies what (residues) to treat quantum mechanically using standard AMBER mask notation.
gmcharge=0, //The integer charge of the QM region (default = 0)

gmtheory=1, //Use the PM3 Hamiltonian (default = 1)

gmshake=1, //Shake QM hydrogen atoms (default = 1 if ntc=2)

gm_ewald=1, //Use an Ewald type treatment for long range electrostatics (default = 1 if ntb>0)

Wme 1 //Use an Partmle Mesh Ewald method as Ewald ty,pg-(default =1if qm_ ewﬂg;_‘a’,_r)d d use_pme=1) :-,_-g..l.» e

- -4!"'“7," f/
R e -~ E




ntt=3, gamma_In=1.0,
nstlim=1000, dt=0.002,
ntpr=1, ntwx=1,ifgnt=1

/

&gmmm
gmmask="1-2', z
— o
gmcharge=0, g
gmtheory=1, =
=y o
- gmshake=1, 2
| 3

NN
gm_ewald=1, qm_pmezf\\\
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