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ABSTRACT

The dynamics and structural character of a-syn12 peptide in agueous solu-
tion at high pH has been investigated through temperature replica exchange
molecular dynamics simulations by using GROMOS 43A1 forcefield. The
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isolated o-syn12 peptide adopts in water an a-helix structure at high pH.
These results are distinct from other amyloid disease protein at neutral pH.
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INTRODUCTION

Experimentally, threedimensiond protein structures
can beanayzed by x-ray diffraction of proteincrystas
or nuclear magnetic resonance spectroscopy. Dueto
the absenceof ahigh resol utionthreedimensiond struc-
tureof disorder protein in solution, thedeterminati on of
aunique high-resol ution structure and/or theensemble
of conformationssampled experimentally remainacon-
siderable challenge. Currently, the microscopic distri-
butionsof protein conformationsintimeand spaceare
not ble by experiments. In addition, experiments
can not provide detailed dynamics of proteins about
how they carry out their functions. With aragpidincrease
inavailablecomputational resources, one of the most
prominent theoretical approachesismolecular dynam-
icssmulaion.

Molecular dynamics (M D)4 simulations have
greatly improved our understanding of how small pep-
tidesand proteinfoldinto uniquestructuresin solution.
Therearetwowell-known difficultiesinmolecular smu-

lations, oneisthelimited accuracy of the potentia en-
ergy functionsof molecular forcefield and another is
limited sampling® inthehigher dimensiona conforma-
tional spaceof protein and peptide, many effortshave
been madeto solvethese questions.

Onemethod to solvethe sampling problemisthe
deve opment of thereplica-exchangemolecular dynam-
ics (REMD) method®8. Compared toregular MD or
M C which sampleaconventiona canonica ensemble,
REMD and REMC sampleagenerdized ensemble. The
equilibrated trgectoriessampleagenerdized ensemble
described by agenerdized partition functioninwhich
temperatureisan additional degree of freedom. For
each trgjectory, the higher temperature phasesfacilitate
theovercoming of energy barriersand thelower tem-
perature phasesalow for sufficient equilibrium sampling
of local conformationa states. REMD simulationsare
often empl oyed to construct free energy surfacesinre-
duced dimensions.

Because of the complexity of the systems,
biomolecular forcefid dg%*¥ arenecessarily empirical.
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Figurel: Potential of mean for cesobtained from (¢, ¥) dis-
tributionsof residues 2-11. Thegray regionscorrespond to
thelowest ener gy ar eas. Neighboring contour linesar e sepa-
rated by 2kJ.mol-1.

Parameterization playsanimportant rolein achieving
therequired accuracy after amodel capturing thekey
aspectsof theunderlying physical interactionshasbeen
formulated. Comparisonswith quantum mechanical
model sprovided important cluesfor theimprovement
of molecular mechanicsforcefields. Theresultsindi-
cated that there existed systematic biasesin the de-
scription of proteinloca conformationsby widely-used
molecular mechanicsforcefid dg'4. Effortshavebeen
madeto refinethetreatments of protein backbone con-
formations in empirical force fields including
CHARMMI®I - AMBER!®, GROMOS!*, and
OPLS-AAN2,

Residues 1-12 (a-syn12 peptide) of the human a-
synuclein protein are considered to beimportant for
binding to the coiled-coil domain of synphilin-118, Hu-
man a.-synuclein protein, isthe major component of
Lewy bodiesdeposited in the brains of patientswith
Parkinson’sdisease. Typica of Parkinson’sdiseaseis
the presence of a-synuclein aggregatesin ap-structure
that can be solubleor insolubl€9. Thestructure (PDB
ID: 1xq8) of micele-bound human a-synucleinhasbeen
discussed by Ulmer et a. with solution NM R spec-
troscopy. Val 3-Va 37 and Lys45-Thr92 form curved
a-helices, withabreak inthe 38-44 region. Synphilin-
1 proteinisanovel a-synucleininteracting protein also
present inlewy bodies.

Inthepresent study, weareandyzing the structural
character of a-syn12 peptidein aqueous solution at
high pH viatemperature replicaexchange molecul ar
dynamicssimulations. Theisolated a-syn12 peptide
adoptsinwater an o-helix structure.
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EXPERIMENTAL

We considered a-synl12 peptide (MDVFMK-
GLSKAK) knowntofoldinto a-hdix structureinmem-
brane-mimicking environments. Mol ecular dynamics
simulationinthe NPT ensemblewas performed with
the GROMACS software package?! and with the
GROMOS43A 1M forcefield. Thepeptideissolvated
inarectangular box of SPC?2 water model with the
minimum sol ute-box boundary distance set to 1.4nm.
Protonation statesof ionizable groupswere chosen for
pH 10.0.

Intheexplicit-solvent s mulations, the non-bonded
interactions have been treated using atwin-range cutoff
method?® with generalized reaction field corrections,
short-rangeinteractionswithin 0.8nm eval uated every
time step, medium-rangeinteractions between 0.8 and
1.4nm updated every 10 steps and el ectrostaticinter-
actionsbeyond 1.4nm approximated by reaction fields
generated by adielectric continuum with adielectric
constant of 54 for water. The temperature and pres-
sureof the system waskept constant by weak coupling
toexterna heat bathswithardaxationtimeof 0.1 pg.
Thetimestepfor theMD integrator wassetto 2 fsand
SHAKE®! wasapplied to constrain al bond lengths
with arelativetolerance of 10,

32 replicas have been simulated at temperatures
(in K) of 273, 276, 279, 281, 284, 287, 290, 293,
296, 299, 302, 305, 309, 312, 315, 318, 321, 324,
328, 331, 334, 338, 341, 345, 348, 351, 355, 358,
362, 365, 369 and 37328, Each replicahad been equiili-
brated at its respectivetemperaturefor 100 ps. Then
90 nsT-REMD simulationswere performed, replica
exchanges attempted every 2 psbased onthe Metropo-
liscriterion. Coordinates and energieshave beenre-
corded every 2 ps. Thetrgjectories of 300K havebeen
andyzed.

RESULTSAND DISCUSSION

T-REMD simulations

Effective T-REMD requiressufficient exchangebe-
tweenthedifferent temperatures (theratio of exchange
greater than 0.1). Theratiosof successful exchange at-
tempts were between 20% and 40% in these simula-
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Figure2: Thecentral structureof a-syn12 peptidein different confor mation clusters. The probability and pH of thiscluster
islabeled below theimagesonly lar ge cluster swith mor ethan 300 confor mationshave been shown

tions, so the number of replicaswas sufficient.

Distributionsof backbonedihedral anglesin the
peptidesmulations

We analyze the distributions of the backbone (¢,
V) anglesfor each residues (residues2-11). Datafor
these residues have been pool ed together. The distri-
butions of the Ramachandran (¢, ) anglesfor each
residues contained in the native secondary structure
excluding glycinewerecollected from smulaionsand
potentials of mean forcewere computed (Figure 1).
For GROMOS43A1 forcefield, resduesinthenative
secondary structuresmostly popul ate the correspond-
ingminimafor o region, whiletheother regionsarea so
populated, but only sparsdly.

Different regionsare defined asinreferencd?’, a
region: -180°<¢<0° and -120° <¥'<30°; Bridge re-
gion: -180°<¢<0° and 30° <¥<90°; B region: -
180°<¢<0°, and 90° <¥<180° or -180° <W¥'<-120°.
For simulation usng GROMOS 43A 1 forcefied, the
probabilitiesfor (¢, W) anglestofdl withinthea,, bridge
and B regions are 41%, 3%, 21%respectively. The
simulation produced moresamplinginthea region.

Figure 1 showsthat the simulation produced more
samplinginthea region. The probabilities of the con-
formationsshow any hdlical content arecal culated with
the program STRIDE??%? and found that 38%.

Formation of B-turn

Theisolated a-syn12 peptide adoptsin water a3-
sheet structureat neutral pH (in press). Hydrogen bond
and B-turn aretwofactorsinvolved inthefolding for 3-
hairpin structure. Thenumbersof conformationwhich
has been formed B-turninthe simulations have been
computed. Turn,, iIsnamed asresiduesj-i form a 3-
turn. Intheprogram STRIDE, the estimation of B-turn

—= Py Paper

pH=7.0 14%

pH=7.0 6%

was based on the combined use of hydrogen bond en-
ergy and backbonedihedrd angleinformation. Fromthe
smulation usng GROMOS43A 1 forcefied, the prob-
abilitiesof conformation have Turn, .is32%, Turn,  is
54%.

Conformation clusters

To understand whichisthefavorite conformation
for GROMOS43A1 forcefie ds, we partition sampled
conformationsinto different clusters based on their
mutual root-mean-square deviationsof Co positions
(RMSD_ ).

We consider conformationssampled by thereplica
at 300K. Atota of 9000 conformationsfromthe90ns
trgectory (1 conformation every 10ps) wereclustered
based ontheir pair-wissRMSD_ . Thecriteriafor clus-
tering have been that for any conformationinacluster,
thereisat least oneother conformationinthesameclus-
ter withan RM SD _alessthan 0.1nm from the confor-
mation, and there should be no conformation in any
other cluster withanRMSD__ Iessthan 0.1nm. In addi-
tion, all conformationsin the same cluster should be
connected by the RM SD _acriterion. By theclustering
criteria, conformations sampled inthe simulationsfal
into clustersof varying sizes(Figure3). For GROMOS
43A1 forcefield, 129 clusters have been obtained.
Amongthem, 2 contain at |east 300 conformations. For
simulation at neutral pH, 387 clustershave been ob-
tained. Among them, 5 contain at | east 300 conforma-
tions.

CONCLUSIONS

o-Syn12 peptideis considered to beimportant for
binding to the coiled-coil domain of synphilin-1. Hu-
man a.-Synuclein protein, isthe major component of
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Lewy bodiesdeposited in the brains of patientswith
Parkinson’sdisease. Thestructure (PDB ID: 2jn5) of
o-Syn12 peptide bound with synphilin-1 hasbeen dis-
cussed by Hu et al with solution NM R spectroscopy.
However, theisolated a-syn12 peptidein solution at
high pH did not analyze by experiment or molecular
samulation. InGROMOS43A 1 forcefidd, theisolated
o-Syn12 peptide adoptsin water an a-helix structure.
Theseresultsaredistinct from other amyloid disease
proteininsolutionat neutral pH.
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