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The conformational behavior and flexibility of Amyloid beta-peptide (25-35) have been investi-
gated in a vacuum and in the polar medium using molecular dynamics method. Amyloid peptide (Af)
is the major component of senile plaques found in the brain of patients of Alzheimer's disease. S-amy-
loid peptide (25-35) (Af25-35) is a biologically active fragment of Ag. The calculation showed that
the spatial structure of this peptide tends to adopt an a-helical conformation from Lys® to Met®. The
conformational behavior of this peptide can be described by a set of similar low-energy conformati-
ons having a-helical structure at the C-terminal sequence. The permissible changes of values dihedral
angles of Amyloid beta-peptide (25-35) lowest energy conformations and stability of the secondary
structure elements have been investigated by molecular dynamics simulation. The comparative study
results have shown that the preferred conformations of this molecule are not fully disordered structu-
re in the solvent, but it has a stable helical segment at the C-terminal part of molecules.
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INTRODUCTION

The knowledge of the conformational behavior of the biologically active peptides allows a
more rational investigation of the mechanism of actionand structure-function relationships of
these molecules. The conformational and dynamic properties of Amyloid beta-peptide (25-35) were
studied in this work. Amyloid beta-peptide (ApB) is the major component of senile plaques found in
the brain of patients of Alzheimer's disease. -amyloid peptide (25-35). Ap (25-35) is a biologically
active fragment of AB. Ap(25-35), having an amino acid sequence of Gly-Ser-Asn-Lys-Gly-Ala-
lle- 1le-Gly-Leu-Met that contains both hydrophilic domains (Ser®®-Gly*®) and six hydrophobic re-
sidues of the transmembrane region have been reported to have biologically active fragment and
contribute to aggregation [1-3]. The three-dimensional structure of AB(25-35) in aqueous solution
with 50% (vol/vol) TFE determined by NMR spectroscopy previously adopts an a-helical confor-
mation from Ala® to Met® [4]. A-beta (25-35) is a biologically active fragment of A-beta and exhi-
bits some sequence homology with the tachykinin family. The most studied tachykinin, substance P
(SP), was first isolated from the equine brain and intestine. Its amino acid sequence was identified
as Arg'-Pro-Lys®-Pro*-GIn>-GIn®-Phe’-Phe®-Gly®-Leu'®-Met11-NH,. In previous paper, the mole-
cular mechanics method was employed to study the spatial structures of the SP and amyloid beta-
peptide (25-35) molecules. Both peptides have alpha- helical structures in their C-terminal regions.
A molecular conformation is largely determined by its environment, so the aim of this present work
is the study the differences in the conformations of amyloid beta-peptide (25-35) in a vacuum and
in an agqueous environment using a molecular dynamics method.

MATERIAL AND METHODS
The conformational energy is considered the sum of independent contributions of nonbonded
Enb, electrostatics Eel, torsional interactions Etor and hydrogen bonding Ehb energies. Conforma-

tional energy was calculated with a computer using a program written in FORTRAN [5]. The con-
ventions used for torsion angles are those of IUPAC-IUB Commission [6]. The conformational
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dynamics of the molecule have been investigated by molecular dynamics simulations method with
molecular modeling package. Molecular dynamics involves the calculation of the solution to New-
ton’s equations of motions. The qualities of theresults from a standard molecular dynamics simula-
tion are extremely dependent on the starting conformation of the system [7]. Often molecular dyna-
mics trajectory will become trapped in a local minimum and will not be able to step over high
energy conformational barriers. The quality of the results from a standard MD simulation is extre-
mely dependent on the starting conformation of the molecule. So, the low-energy structures, inclu-
ding the best and the worst of the calculated structures wereused as starting conformations for mo-
lecular dynamics simulations ¢, 1 and y angles were analyzed for changes in each conformation.
Runs were performed for 300 ps (picosecond) at 300 K (Kelvin). The total length of the simulation
depends on the system being studied and the type of information to be extracted. For example, in si-
mulations of the biological system a time step of 1 fem to second is commonly used. To ensure that
information about the highest frequency in the system is £30° about a mean position during the mo-
lecular dynamics simulations. The length of the simulation (after equilibration) has to be long eno-
ugh to enable the slowest modes of motion to occur. The forcefield parameters were those of the all
atom version of AMBER by Cornell et al [7-9]. A harmonic force towards the center of the sphere
was added to atoms when they moved out of the sphere. The nonbonded cutoff distance was 12A
(angstrom). The time step was 0,5 fs (femtosecond). The program Hyper. Chem. 8.01 was used for
the MD simulations.

RESULTS AND DISCUSSION

The lowest energy structures of amyloid beta- peptide (25-35) exhibit the most favorable dis-
persion contacts and therefore may be expected to become the most preferred in a strongly polar
medium when electrostatic interactions do not play a significant role. The lowest energy a-helical
structure at the C-terminal fragment is stabilized by a network of hydrogen bonds. Molecular mec-
hanics of amyloid beta-peptide (25-35) has shown that this molecule can form one global, i.e. the
lowest-energy structure, which consists of one B- turn on N-terminus and on the C-terminal part a-
helical segment. MD simulation, using the 4 starting lowest energy structures of the molecule was
shown the significant differences in the conformations of the molecule in a vacuum environment.
Structures from thelast 15 ps of the run were energy-minimized and two of these are shown in Fig.
1. The mobility of the backboneand side-chain of some residues is more restricted as compared to
preceding residues of molecules in a vacuum.

Fig. 1. The source structure (a) and optimized structureof amyloid beta peptide (25-35) molecule in

condition of the vacuum (b)

Corresponding changes of the kinetic, potential and total energies for lowest conformation are
presented as a dependency from time in Figure 2. MD simulations show that the molecule backbone
can adopt only a limited number of conformations while the sidechains of the residues may
populate all three major rotamers. Large flexibility of the Gly'-Lys* amino acid sequence was
observed in the vacuum in contrast to polar simulation.
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Fig. 2. The time dependency of the kinetic, potential and total energies
CONCLUSION

Our calculation has shown that the spatial structure of this peptide has a tendency to adopt an
a- helical conformation from Lys® to Met®. The conformational behavior of this peptide can be
described by a set of similar low-energy conformations having a-helical structure at the C-terminal
sequence. The permissible changes of values dihedral angles of Amyloid beta-peptide (25-35) lo-
west energy conformations and stability of the secondary structure elements have been investigated
by molecular dynamics simulation. The comparative study results have shown that the preferred
conformations of this molecule are not fully disordered structure in the solvent, but it has a stable
helical segment at the C- terminal part of molecules. MD simulation in this study supports the re-
sults, obtained by NMR investigationabout an a-helical structure at the C-terminal part of amy-
loid beta-peptide (25-35). These theoretical results may be important to develop a tool to control the
amyloid deposition observed in Alzheimer's disease patients, it will be meaningful to study how to
manipulate the condition to promote the a-helical conformation of Ap (25-35).
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AMILOID-g PEPTIDIN (25-35) KONFORMASIONAL DAVRANISININ MOLEKULAR
DINAMIKASI SIMULYASIYASI

G.Z. Nacofova

Amiloid beta-peptidinin (25-35) konformasiya xiisusiyyatlori vo elastikliyi molekulyar dina-
mika tisulu ilo vakuumda va polyar miihitds todqig edilmisdir. Amiloid peptid (Ap) Alzheimer xos-
taliyi olan xastalorin beyninds askar edilon gocaliq 16vhalarinin asas komponentidir. -amiloid pep-
tid (25-35) AP (25-35) -nin bioloji aktiv fragmentidir. Hesablama gostardi ki, bu peptidin faza quru-
lusu Lys?®-don Met*-s gador a-spiral konformasiyasini gebul etmays meyllidir. Bu peptidin konfor-
masiya xiisusiyyatlori C-terminal ardicilliginda a-spiral qurulusa malik oxsar asagi enerjili konfor-
masiyalar dosti ilo tosvir edilo bilor. Amiloid beta-peptidinin (25-35) an asagi enerjili konformasiya-
larinin dihedral bucaglarinin giymatlorinin icaza verilon doyismaloari va ikincil struktur elementlori-
nin dayaniqligi molekulyar dinamikanin simulyasiyasi ilo todqiq edilmisdir. Miigayissli todgigatin
naticalori gostordi ki, bu molekulun stiinliik verdiyi konformasiyalar holledicido tam nizamsiz
struktur deyil, lakin molekullarin C-terminal hissasinds sabit spiral seqmento malikdir.

Acar sozlor: Amiloid beta-peptid (25-35), konformasiya, a-spiral qurulus, molekulyar dinamika

MOJEKYJISPHO-TUHAMUYECKOE MOJEJUPOBAHUE KOH®OPMAILIMOHHOT O
MOBEJEHUS MENTUIA AMUJIOMI-B (25-35)

I'.3. Haxxadona

Kon¢opmarmonHoe mnoBefeHue U TMOKOCTh OeTa-nenTuia amuionna (25-35) uccnenoBanu B
BaKyyM€ M B NOJSPHON Cpele METOAOM MOJEKYJISIpHOM IuHaMuKd. AmuiouaHbelid nentup (AP)
SBIISICTCS. OCHOBHBIM KOMITOHEHTOM CEHWJIBHBIX OJISIIIEK, OOHApyXHBAaeMbIX B TOJIOBHOM MO3re
HalueHToB ¢ Oose3Hplo Anblreiimepa. B-amwtonanslii nentun (25-35) (AP25-35) mpencrasisier
coboll Guosornuecky akTUBHbBIM (parMeHT AP. Pacuer mokasain, 4To MpoCTpaHCTBEHHAs CprKTyga
TOrO MENTHA MMEET TEHICHIMIO NPHHIMATH O-CIIMPATbHYI0 KoH(opMarmio ot Lys® mo Met™.
KondopmarmionHoe TmoBeieHHE JTOr0 TENTHAa MOXET OBITh OMHUCAHO HA0OpPOM  TMOJIOOHBIX
HHU3KOPHEPreTUYeCKNX KOH(pOpPMAIMH, MMEIOIMX O-CIUPAIbHYI CTPYKTYpy Ha C-KOHIEBOH
MIOCIIeIOBATEIFHOCTH. METOZ0OM MOJIEKYJSIPHOM AWHAMHUKH HWCCIIEAOBAHBI JIOMMYCTUMBIE W3MEHEHHUS
3HAQUEHUH JIBYIpaHHBIX YIJIOB aMWJIOWAHOro Oeta-mentuaa (25-35) HM3MIMX 3HEPreTHYECcKUX
KOH(pOpPMAIMii M CTaOMIIBHOCTH DJIEMEHTOB BTOPWUYHOM CTPYKTYpHL. Pe3ynbTaThl CpaBHUTEIBHBIX
UCCIIEIOBAaHUN TOKA3aIM, YTO MPENOYTUTEIbHBIMI KOH(OPMAIMAMH 3TOM MOJIEKYJbI SBISIOTCS HE
MOJTHOCTBIO Pa3yIHopsIOYeHHas] CTPYKTypa B pacTBOPHUTENE, a HAIMYUE CTAOMIBHOTO CIHUPAIHHOTO
y4yacTka B C-KOHIIEBOM 4acTH MOJIEKYJIBL.

KioueBbie ciaoBa: oOema-amunouomnviti nenmud (25-35), xougopmayus, o-cnupanivbHas
CMPYKMypa, MONEKYIAPHAS OUHAMUKA
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