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ABSTRACT

The molecular dynamics (MD) simulation method 1s used to assess structural details for human
prion protein (hereafter PrPy) and its Aspl78 Asn mutant (hercafter PrPy) which causes fatal
familial insomnia disease. The results reveal that the flexibility and instability increase in PrPy
could be related to specific amino acids exposed to the solvent. Solvation free energy of PrPy is 20
kjmol'nm™ more than PrPy that is caused by solvent accessible surface area (SASA) especially
hydrophobic area, Syy.. The study of time interval properties indicates a number of critical amino
acids in prion proteins, which exposed to the solvent. They can be ideal anchor-points for initial
intermolecular contacts, or affect metal-ion occupancy. The present achievements may be used in
drag design for the prevention or treatment of disease..
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INTRODUCTION

The human prion protein (HPrP} is a soluble
cell-surface glycoprotein that is bound to the
plasma membrane of neuronal cells via Asnl81
and Asnl97. Since these amino acid positions
are two N-glycosylation sites, they stabilize
human cellular prion protein PrP¢ and prevent
the conversion of PrP~ to pathogenic isomer or
abnormal prion protein, PrPC [1]. Prion discases
arise from undesirable folding and refolding of
peptides and are often amyloidogenic, affecting
humans and a variety of mammals. They include
scrapie of sheep and goats, bovine spongiform
encephalopathy (BSE) and several human
diseases such as Creutzfeldt-Jakob disease,
Gerstmann-Straussler-Scheinker Syndrome
(GSS) and fatal familial insomnia [2, 3].
According to the ‘protein only hypothesis’ the

infectious agent is PrP5® and prion discases are
caused only due to conversion of PrP® to PrPS¢
that "is prone to aggregation. The conversion
process is unknown so there is still no cure for
the prion disecases [4-8]. Its physiological
function is not fully understood at the moment,
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but evidence points to an involvement in various
cellular processes, such as regulation of
presynaptic copper levels and protection from
oxidative stress [9]. Studies have shown that
His155, His187 and Glul96 are a good place for
copper ion Cu”* and this connection leads to
reduced aggregation and increase in
antioxidation activity, while preferent:al binding
of A* to Glu and Asp accelerates the
conversion of PrPC to PrP°C | its potency in
inducing aggregation being very high [4, 9-11].
This protein consists of a small two-stranded f3-
sheet, three a-helices, the flexible loop 167-171
and two tums. Helices 1 and 2 are connected
together though disulfide bond C179-C214 [1,
12]). Many mutations in the prions have been
reported [13-18]. PrPy is recognized as the
pathogenic agent responsible for insomnia
diseases, which is a class of neurodegenerative
discases. The articles did not report many
changes 1 the structure of PrPy but their
stability was reduced. Some believe it to be
related to a cut of Arglé4-Asnl78 salt bridge
[19, 20], although our studies have shown other

reasons.
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Molecular dynamics is a powerful tool used for
molecular simulation and records every moment
of structural rearrangement. This technique was
benefitted from for the investigation of PrPy and
PrPy in order to obtain information from the
carly stages of conformational change. The
important amino acids are introduced in human
prion proteins that can be starters for the
conversion process or unfavorable interactions
that have not been previously reported.

COMPUTATIONAL DETAILS

All  simulations and data analysis were
performed using GROMACS 3.3.3 with the
united-atom protein force field for MD
simulations [21, 22]. Analysis of the secondary
structure was done with the DSSP program [23].
Solution NMR structure of the C-terminal
domain (125-228) of the human prion protein
(Protein Data Bank Accession Code: 1hjm) was
chosen as the initial structure for wild-type prion
protein (hereafter PrPy). Simulations including
explicit solvent molecules (spce water) were
done in an octahedron box. To obtain an electro-
neutralized simulation system, appropriate Na*
ions was replaced by randomly selected water
molecules. Temperature has been selected at 310
K for a wider configurational space in the short
time simulation, using the Berendsen algorithm
[24]. Pressure was maintained at 1 bar, using the
Berendsen  algorithm. Bond lengths  were
constrained to their equilibrium values using the
shake algorithm for water [25], and the LINCS
algorithm for the protein molecule[26]. Dynamic
plasticity investigates through covariance matrix.
Diagonalization of the covariance matrix yields
a set of eigenvectors and eigenvalues. The
corresponding eigenvalues indicate amplitude of
the correlated motions along these directions
[18,21, 22, 27].

RESULS AND DISCUSSION

Fig 1 shows Root-mean-square fluctuations
(RMSFs} for two model structures PrPy and
PrPy. Based on the obtained results, although
PrPy has larger fluctuations with respect to PrPy,
fluctuations follow a certain pattern. The
conformational changes which are due to
flexibility and instability can prepare PrPy for
conversion and aggregation. Results show helix

c; ‘ . |

1, the loop 167-172 and the C- tenmnal end of
helix 2 as being more flexible. ‘There is also a
notable region n the protem‘ in !which its
original structure is retained almost wnhm the
simulation time scale. This reglon consists of a
segment located in N-terminal of hehx 2i in close
contact with a segment in helix 3 by s s bond.
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Fig, 1. RMSFs of the Ca-positions as a ﬁmctlon of
residue number for wild (prpy} and dl'/'Sn (prpM)
structures. e

To more investigations plasticity,’ covariance
matrix was analyzed. Trace of the covariance
matrix after diagonalization is 20.9972 nm® for
PrPy and 31.1187 nm’ for PrPy_These values
can be area displaced by the séolvent or
measurement of structural changes! and high
dynamic plasticity. From this result, .one can
certainly claim that due to the acceptance of
multiplicity structures that are in dynamic
equilibrium with the native' state, the
conformational ~ rearrangements iand  the
transition probability are very high in PrPy.
Solvent accessible surface arca(SASA) are
shown in Flgures 2. Average sUrface area
calculations in the plateau reglorll show that the
hydrophobic Solvent accessible surface area,
Spho fOr PrPy is more than PrPy || | ||
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Fig. 2. Hydrophobic SASA for prpN andp
structures. o
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Thus, due to the increase in area, solvation
free energy of PrPy is 20 kjmol'nm™ more than
PrPy (Fig 3). By considering the covariance
matrix and the SASA results, this propensity 1s
higher for PrPy as a result of either an unusually
high proportion of alternative conformations in
dynamic equilibrium, or an unusually high
proportion of Sy,. If all solvent-protein surface
area of side chains are divided into hydrophobic
and hydrophilic area, can be stated that:

) AGSD[V‘atiDn = AClsnl.I:lydnz)p['lilic +AGsol.hydrophohic
A(-}srjlwatiﬂn =AHsolvation 'TASsoIvation
( Equation 1)

Since the hydrophobic interaction with the
solvent (water) reduces the entropy of system,
and the enthalpy of solvation is negative, it being
especially less negative for hydrophobic
interactions the solvent is predominant [28-31].
As a result, structural changes due to mutation
cause some amino acids to be exposed to the
solvent so that they can play an important role in
misfolding, abnormal intermolecular interactions
and aggregation.
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Fig. 3. solvation free energy of side chains as a

function of simulation time for prpy and prpu

structures.
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To more investigations of SASA, amino acids
in which SASA for the two species PrPy and
PrPy have tremendous differences are listed in
Table 1. Many experimental observations
support the hypothesis that an abnormal
interaction between prion-prion molecules or

155

prion-lipid membrane may constitute a minimal
and sufficient molecular event leading to the
process of conversion or aggregation [32].
According to this Table, the amino acids that
have a greater share in intermolecular
interactions, stacking and the conversion of PrP°
to PrP’ can be identified. Highly surface-
exposed ilel139 in PrPy shows it can be both an
ideal anchor-point for PrPy with lipid membrane

or jnitiator for intermolecular contacts. This
result is in good agreement with other
investigations that showed interrnolecular

contacts. This result is in good agreement with
other investigations that showed that peptide
containing residues 1138-1-H-F141 are presented
at the surface of cellular prion protein and are
prone to fast aggregation [33, 34], which 1s
confirmed the simulation accuracy in this work.
For PrPy;, Argl36 Glul96 has significant Sgho and
Spni , in other words this amino acid is exposed
to solvent and are therefore critical amino acids
in prions. Highly surface-exposed Glul96 can
cause changes in copper-ion occupancy,
antioxidation activity or even changes the
critical role of adjacent residue, Asnl97, which
is mentioned 1n the mtroduction. Also, the most
Spho has been seen in Arg 136 which similar to
Glul196; can be an ideal anchor-point for initial
intermolecular contacts leading to conversion or
oligomerization. Another important result is that
Spii for residues Glu and Asn have increased in
PrPy,, this feature can enhance the link of these
residues to Al or other ions that efficiently
promote mlsfoldmg/aggrcgation of prions.
Preferential binding of A’ to these amino acids
and their neutralization with negative charges
reduces the negative charge-charge repulsion
and thereby allows for a protein structure
supporting aggregation. It seems that blocking
some of the amino acids listed in Table 1 which
are crucial for the onset of the conformational
rearrangement, can help us in drug design for the
prevention or treatment of disease.
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Tablel. Solvent accessible surface areas of some critical residues for two model structures, TPN anld PrPy
|

PrPy PIPN H

Residue Hydrophobic Hydrophilic  Hydrophobic Hydrophlhc ‘l

number areafnm?’)  area(nm’) area{nm’) area(nm’) J‘ '

argl3b 153433 0.13778 0.56369 0.09521

ile139 0.11823 0.06444 0.61940 0.19028

tyr150 0.18789 0.09512 0.03524 0. 03789| b

glhul52 0.92866 0.13416 0.94833 011372| | P

asnlis3 0.27763 0.11295 (.20868 006079' ol !l

met154 0.60502 0.15322 0.22742 011257| ‘j ) |

argls6 0.59268 0.19995 0.59937 GI4130| f ; 1

asnibg 0.68668 0.17615 0.42630 0.13196 Cl |

aspl67  0.42018 0.13599 0.75959 0.11237 i

tyrie9 0.62956 0.14226 0.50334 008937I ' L

gini72  0.69052 0.14771 0.68979 0. 1053?| ‘ |

his187 0.574%6 0.13903 0.35710 0.11369 |

thr192 0.45222 0.14886 0.23119 006542| 3 ‘

glul96  1.02278 0.18779 0.75911 0.12935 I
CONCLUSION Kiani (University of Tarbiat Mogia:uLes Tehran,
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fluctuations and covariance matrix calculation
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AKNOWLEDGEMENTS

We would like to thank from to Dr. A Madadkar
Sobhani and Dr. A.A Sabouri (Institute of
Biochemistry and Biophysics, University of
Tehran, Tehran, Iran), Dr. Zarrin Minuchehr
(National Institute of Genetic Engineering and
Biotechnology, Tehran, Iran) and Dr. Anahita

[5] W. Swietnicki, M. Monllas SG Chen, P
Gambetti and WK r;l Surewicz.,
Biochemistry. 39, (2000)] 424!,

(6] K.N. Frankenfield, E.T. Pow'ers and J.W.
Kelly, Protein Science. 14 (%005), 2154,

[7] O. V. Darwin and C. Alonsd, Phil Trans R
Soc Lond A, 360, (2002), 1165.1 -

[8] S. Colacino, G. Tiana, R. A Broglia, and
Giorgio Colombo, PROTEINS Structure,
Function, and Blomfonnatlcs_ 62, (2006),
698. s

(9] M.C. Colombo, J. VandeIchdeIe S. Van
Doorslaer, A. Laio, LlGuldom and U.
Rothlisberger, Protems 1 Structure,
Function and Genetics. 70, (2008), 1084.

[10]K. Tsiroulnikov, J.M. [Chobert and T.
Haertle, FEBS Journal. 273 (2006) 1959,

il




Majid Monajjerni et al. /J. Phys. Theor. Chem. IAU Iran, 8(2): 153-157, Summer 2011

[11]B.S. Wong, S.G. Chen, M. Colucci, , Z.
Xie, T. Pan, T. Liu, R. Li, P. Gambetti,
M.S. Sy and D.R. Brown, Journal of
Neurochemistry. 78, (2011), 400.

[12]L. Calzolai and R. Zahn, Journal of
Biological Chemistry. 278, (2003), 35592.

[13]M.S. Thomas Hirschberger, S. Bernhard,
F. Konstanze. W, Tatzelt and P. Tavan,
Biophysical Journal. 90, (2006), 3908.

(14]N. Singh, G. Zanusso, S.G. Chen, H.
Fujioka, S. Richardson and P. Gambetti,
Journal of Biological Chemistry. 272,
(1997), 28461.

[15]S. Santini, Cellular and Molecular Life
Sciences. 61, (2004), 951.

[16]Y. Zhang, L. Dai, M. Iwamoto and Z.C.-
can Ou-Yang, Thin Solid Films. 499,
(2006), 224.

[17]E. El-Bastawissy and 1. H. Gilbert. Journal
of Molecular Graphics and Modelling. 20,
(2001), 145.

(18]K. L. Jinhyuk Lee and S. Seokmin,
Biophysical Journal. 78, (2000), 1665.
[19]]. Gsponer, P. Ferrara and A. Caflisch,

Journal of Molecular Graphics and

: Modelling. 20, (2001), 169.

[20][J. Zuegg and ].E. Gready, Biochemistry.
38, (1999), 13862.

[211D. van der Spoel, B. Hess, A. Buuren and
E. Apol, GROMACS USER MANUAL
Version 3.3. http://www.gromacs.org.

[22]D. Van Der Spoel, E. Lindahl, B. Hess, G.
Groenhof, A.E. Mark and H. Berendsen,
Journal of Computational Chemistry. 26,
(2005), 1701.

[23]W.S. Kabsch, Biopolymers - Peptide
Science Section. 22, (1983), 2577.

(241H.J.C. Berendsen, JP.M. Postma and W.
F. Van Gunsteren, A. Dinola and J.R.
Haak, The Journal of Chemical Physics.
B1, (1984), 3684.

[25]S. Miyamoto and P.A. Kollman, Journal of
Computational Chemistry. 13, (1992),
952.

[26]B. Hess, H. Bekker, HJ.C. Berendsen and

JGEM. Fraaije, Journal of
Computational Chemistry. 18, (1997),
1463.

[27]1.J. Prompers. Proteins. 46, (2002), 177.
(28]S. Krgaka, ] AM CHEM SOC. 125,

(2003), 9853.
[29]PL. Privalov, Y.V. Grnko, S.Y.
Venyaminov and V.P. Kutyshenko,

Journal of Molecular Biology.190, (1986),
487.

[30]P.L. Privalov and G.. Makhatadze,
Journal of Molecular Biology. 224
(1992), 715.

[31]1R.S. Spolar, J.H. Ha, Proceedings of the
National Academy of Sciences of the
United States of America. 86, (1989),
8382.

[32]K. Goggin, C. Bissonnette, C. Grenier, L.
Volkov and X. Roucou, Journal of
Neurochemistry, 15, (2007), 1195.

[331B.N. Hosszu, G.S. Jackson, A. Power,
AR. Clarke, I.P. Waltho, C.J. Craven and
I. Collinge, Nat Struct Biol, 8, (1999},
740.

[34]]. Ziegler, C. Viehrig, S. Geimer, P.
Ro"sch and S. Schwarzinger. FEBS
Letters. 580, (2006), 2033.







