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Abstract. Amiloidosis is the misfolding of soluble proteins
followed by their self-assembling, resulting in aggregation into
insoluble fibrils which replace the functional cells or block the
connectivity between the cells. The mechanism of amyloid
formation is still unclear. The amyloid beta protein 1-42 is
responsible for formation of human amyloidosis leading to
Alzheimer disease. In the present work we studied the formation
of amyloid B-structure of the amyloid beta protein fragment 25-
35 (Abeta 25-35), GSNKGAIIGLM. A flat, parallel single six
stranded beta-sheet (6Abeta 25-35) and ten stranded beta-sheet
(10Abeta 25-35), as well as a stack built from six stranded beta-
sheet (6x6Abeta 25-35) were simulated by molecular dynamics
(MD) for 210 ns, 310 ns and 76 ns, respectively, using Amber 9.0
program package, f99 force field. Temperature was increased
stepwise from 10K with the constant temperature platos at 200K
and at 309 K.

6Abeta 25-35 and 10Abeta 25-35 single beta sheet systems
show the stable R-structure at 200K temperature, but collapse
loosing R-structure at 309K temperature, indicating that
supplementary  R-sheets are required for R-structure
stabilization. The additional four strands in 10Abeta 25-35
comparing to 6Abeta 25-35 do not stabilize the g-sheet.

In the 6x6Abeta 25-35 beta-sheet stack the strongest intra p-
sheet interactions, which keeps the stack together, is comprised
by 1le31 and lle32 forming the main part of the hydrophobic
core. Apart from that, in the B-sheet stack the B-sheets are kept
together by Leu34 and Met35 hydrophobic interactions and
Ser26 and Asn27 electrostatic interactions. In several cases the
sidechain of Lys28 makes hydrogen bonds with the backbone
carbonyl of Gly29 in the nearby B-sheet. The C-terminal part of
the B-sheet stack is more prone to keep the B-sheet structure
while the N-terminal part of the p-sheet stack is more flexible
which is in accord with the experimental data [39]. A single
strand of the Abeta 25-35 stack tends to jump away from the
stack and turns from R-structure to coil conformation with the
further perspective to turn to a-helix. This is in accordance with
literature data suggesting that the Abeta 25-35 peptide could
form both B-structure and a-helical structure in water and
membrane environment depending on conditions [38].

Keyword: Amyloid beta protein, Abeta, amyloidosis, molecular
dynamics, beta-sheet.

I. INTRODUCTION

Proteins fold into native three-dimensional structure to
perform the biological functions. Under specific conditions,
such as pH lowering, temperature elevation, mutations,
oxidation, proteins unfold, and can subsequently be misfolded

[1].
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Amyloids are insoluble and fibrous proteins which arise
after unfolding and misfolding of soluble proteins. Abnormal
accumulation of amyloids in organs may lead to amyloidosis.
Amyloidosis is extracellular protein deposits that form fibrils
either in the brain or other organs [2, 3]. Amyloid fibrils are
responsible for several neurodegenerative diseases including
Alzheimer’s, Parkinson’s, and Hungtintons diseases [4, 5],
and such conformational diseases as type 2 diabetes, and
Finnish familial amyloidosis. The different proteins and
peptides neither related in sequence or length, nor sharing
sequence homology can form amyloid fibrils, exhibit similar
insoluble filaments and fibrillation responses [2, 6, 7], and the
fibrils from different proteins have similar fibril structures.
The mechanism of amyloid formation is still unclear [8].
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Fig. 1. Amyloid beta peptide fragment 25-35 (Abeta 25-35, GSNKGAIIGLM.
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Fig. 2. Hydrophobicity of Abeta 25-36 (calculated by MOE [40]).
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Fig. 3. The Abeta 25-35 peptide charge, calculated by MOE [39].

Alzheimer’s disease (AD) is characterized by accumulation
of Amyloid beta (Abeta) plaques outside and around nerve
cells in the brain region known to be important for intellectual
functions [9, 10].
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Fig. 4. Temperature protocol of both 6Abeta25-35 and 10Abeta 25-35
systems.
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Fig. 5. Energy over time of the 6Abeta 25-35 system.
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Fig. 6. Density over time of the 6Abeta 25-35 system.

Abeta protein is cleaved from Amyloid Precursor Protein
(APP), a transmembrane glycoprotein, subsequently by beta
and gamma secretases, thus creating Abeta 1-40 or Abeta 1-
42. Abeta 1-42 is more prone to aggregate into fibrils, and it
is the major component of amyloid plaques [11]. Abeta 1-42
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is found in cerebrovascular plaques and in neuritic plaques,
which cause neurodegeneration and subsequent loss of

memory in Alzheimer’s disease.

Fig. 9. Front view of 6Abeta 25-35 system with water after 310ns of

MD run
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In the plasma and cerebrospinal fluid Abeta is a normal
amyloid precursor protein metabolism product, soluble peptide
of 40 or 42 amino acid residues [12, 13]. Amyloid fibril
formation results directly from unfolding of Abeta peptide
native conformation and subsequent misfolding [14].

Insoluble fibrils form as a result of aggregation of Abeta
peptides [12], and it is believed that because of fibrillogenic
nature Amyloid-beta peptide is causative agent in the etiology
of Alzheimer’s disease.

Interacting with membrane Abeta oligomers and protofibrils
may be the cause of neurotoxicity [15, 16, 17] and subsequent
cell degeneration and apoptoses. Amyloid-beta peptide
neurotoxicity is related to interactions of the Amyloid-beta
peptide and the membrane, and the pore formation [18, 19],
and membrane disruption. The formation of amyloid plaques
correlates with any conformational disease, but whether fibrils
themselves, misfolded oligomers, or other factors are the
causal agents of diseases remains unclear [20 - 22]. The pore
action mechanism in the neurodegenerative process has not
been established yet [23].

Abeta 25-35 is a the biologically active region of Abeta 1-
42 protein, the shortest fragment which possesses
amyloidogenic, neurotoxic and channel forming abilities
similar to that of Abeta 1-42 [24 - 29].

Abeta 25-35 and its analogues insert themselves into the
membrane hydrophobic region using the C-terminal or central
hydrophobic residues [23]. Abeta 25-35 enter the membrane’s
hydrophobic core, by the formation of continuous helical
structures of its C-terminal residues [23].

Nevertheless, experiments on membranes show, that
mutations in N-terminal region N27A-Abeta(25-35) result in a
lower degree of aggregation and a lower neurotoxicity, and
mutations in C-terminal M35A-Abeta(25-35) result to the
peptide more prone to aggregation with a higher neurotoxicity,
suggesting that the neurotoxicity of these Abeta(25-35)
analogs cannot be characterized by their hydrophobicities
alone [23].

The present work by means of molecular dynamics (MD)
studied the formation of amyloid B-structure of the amyloid
beta protein fragment 25-35 (Abeta 25-35):

Gly25-Ser26-Asn27-Lys28-Gly29-Ala30-11e31-11e32-Gly33-
Leu34-Met35.

Abeta peptide 10-42 consists of hydrophobic C-terminal
domain residues (29-42) that adopts beta-strand conformation
and an N-terminal domain 10-24 whose sequence permits the
existence of a dynamical equilibrium between an alpha-helix
and a beta-strand [30]. Similarly, Abeta(25-35) consists of
hydrophobic C-terminal domain residues (29-35) and
hydrophilic N-terminal part 25-28 (Fig. 2 —Fig. 3).

We chose the parallel beta sheet for Abeta 25-35 peptide for
molecular dynamics simulations, since NMR measurements
suggest that the peptide beta amyloid (10-35) has a parallel 3-
sheet structure, and that the peptide adopts the structure of an
extended parallel beta-sheet in-register at pH 7.4 [31], and
there is no evidence for a turn to be found in the putative turn
region comprising residues 25-29, Gly25-Ser26-Asn27-Lys28-
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Gly29 [31]. The parallel B-sheet structure for amyloid beta
peptide is confirmed also by D’Ursi and Antzutkin [32, 36].

Fig. 10. Side view of 6Abeta 25-35 system after 30ns of MD run.

Fig. 11. Side view of 6Abeta 25-35 system after 145ns of MD run.

Fig. 12. Side view of 6Abeta 25-35 system with water after 310ns of MD run.
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Fig. 13. Hydrophobic residues lle, Leu, Met (spacefill) keeping together the 6Abeta 25-35 system. Snapshots at a) 30.ns, b) 145 ns and c) 256 ns of MD run
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Fig. 14. Hydrogen bonding of 6Abeta 25-35 system R-sheet. Number of
backbone hydrogen bonds - dark gray, number of sidechain
hydrogen bonds — light gray.
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II.METHODS

A flat, parallel single six stranded beta-sheet (6Abeta 25-
35) and ten stranded beta-sheet (L0Abeta 25-35) of Abeta 25-
35 were constructed using the peptide Abeta 25-35 strand. The
parallel beta strand composition was chosen because the fibrils
composed of the full-length Abeta 1-40 peptide or shorter
peptide sequences were found to fold into a parallel beta-sheet
structure [31, 32].

Both systems 6Abeta 25-35 and 10Abeta 25-35 were
surrounded by chlorine counterions to neutralize the net
charge and by a 5 A layer of explicit water molecules. The
6Abeta 25-35 and 10Abeta 25-35 systems consisting of 5361
atoms (930 solute atoms) and 8022 atoms (1550 solute atoms)
respectively, were minimized and subjected to molecular
dynamics (MD) by using the Amber 9.0 program package [33-
35], with the f99 force field, periodic water box, and NTP
protocol (constant number of particles, temperature, pressure).

The starting temperature was 10 K for both systems, then
the temperature was raised stepwise from 10 K to 200 K
during 90 ns of the corresponding MD run, then kept at 200 K
for 90 ns of MD run, then in 35 ns raised up to 309 K, and
afterwards kept at 309 K simulated for 95 ns (Fig. 4). The total
simulation time was of 310 ns of MD run.

Six of six-stranded flat, parallel beta-sheets 6Abeta 25-35
were used to build the beta-sheet stack (6x6Abeta 25-35).
The 6x6Abeta 25-35 stack was enriched with chlorine
counterions and surrounded by 10 A layer of explicit water
molecules.

The 6x6Abeta 25-35 beta-sheet stack system consisting of
34416 (5580) atoms was subjected for 76 ns of MD
simulations. The system was heated stepwise in 31 ns starting
from T = 10 K till T= 200 K of MD, then it was kept at 200 K
for 22.5 ns, afterwards the system was heated up till 309 K in
0.5 ns. After these preparatory steps production MD
simulations were carried out for 21 ns at T=309K 309 K (Fig.
27.-Fig.29.).

I1l. RESULTS AND DISCUSSION

The 6Abeta 25-35 system energy, temperature and density
protocols are shown in Fig. 4- Fig. 6.

Results of the single sheet MD of 6Abeta 25-35 and
10Abeta 25-35 show the stable B-sheet in the C-terminal part
across the B-sheet region from 1le31 to Leu34 (Fig.7- Fig.8,
Fig. 10-Fig.11). The B-sheet over the region Ser26-Lys28 is
fluctuating with the B-sheet melting time to time. The middle
strands 3 - 6 of the six stranded B-sheet also form B-structure
across the Ser26-Lys28 region, while the B-structure over the
Ser26-Lys28 region is melting at the B-sheet side strands 1-2
and 5-6. Six stranded p-sheet 6Abeta 25-35 is stable at 200 K,
but it starts melting with the heating up from the 300K, and it
dissolves at 309 K, when the strands accept coil-coil structure
with some a-helical elements (Fig.9, Fig. 12, Fig. 13c).

Analyses of the 6Abeta 25-35 B-sheet at 200 K, where the
B-sheet is stable, shows that the B-sheet is kept together by
backbone hydrogen bonding (Fig.14 - Fig. 15) and by few
flickering sidechain hydrogen bonding (Fig. 14), and
hydrophobic residues 11e31, 11e32, Leu34, Met35.

During the course of simulation when the system shows the
stability of B-sheet, the distances between the mass centers of
the adjacent strands of the beta-sheet are about 5 A (Fig.16 —
Fig. 22), which is in concord with NMR data of 5 A between
nearby strands throughout the entire length of the peptide
sequence [ 31, 37].
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Fig. 15. Hydrogen bonding of 6Abeta 25-35 system R-sheet at a) 30 ns, b)
145 ns, c¢) 206 ns, d) 214 ns, €) 256 ns of MD run.

Ten stranded 10Abeta 25-35 B-sheet (Fig.23- Fig. 26.) was

stable upon heating till 270 K and began to lose the p-structure
at 280 K, and it totally dissolved at 290 K, suggesting that for
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stabilization the p-sheet neighboring strands are probably not
so important than the nearby beta sheets in a protofibril.

The additional four strands in 10Abeta 25-35 comparing to
6Abeta 25-35 do not stabilize the p-sheet.

Both single R-sheets (6Abeta 25-35 and 10Abeta 25-35)
tend to cooperate alongside with -sheets in nearby periodic
boxes suggesting that more than 5 A layer periodic water box
is needed to simulate the isolated single p-sheet.
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Fig. 16. Mass center distances between Serine 26 (111 strand)-Serine 26 (IV
strand)
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Fig. 17. Mass center distances between Lysine 28 (111 strand)-Lysine 28 (IV
strand)
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Fig. 18. Mass center distances between Alanine 30 (Ill strand)-Alanine 30
(IV strand
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Fig. 19.

Fig. 20.

Fig. 21.

Fig. 22.
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Fig. 26. Side view of 10Abeta 25-35 system after 145ns of MD run

67



Scientific Journal of Riga Technical University
Material Science and Applied Chemistry

2011
Volume 23

It should be noted that here we simulated the reverse beta-
sheet formation: starting from a beta sheet and heating it up
until it dissolves. It led to the conclusion that to stabilize the
beta sheet against thermal motions, some external factors of
surrounding media should be present to shift the
conformational equilibrium from coil-coil or a-helical
structures towards extended beta strands, which could
willingly form a stable beta-sheet.
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Fig. 27. Temperature over time of the beta sheet stack 6x6Abeta 24-35.
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Fig. 28. Energy over time of the beta sheet stack 6x6Abeta 24-35
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Fig. 29. Density over time of the beta sheet stack 6x6Abeta 24-35
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Fig. 32. 6x6Abeta 25-35 system after 58ns of MD run at 309 K

Fig. 33. 6x6Abeta 25-35 system after 76ns of MD run at 309 K

Results of the MD of the multiple g-sheet stack 6x6Abeta
25-35 at 200 K show stable B-sheet structure (from lle31 —
Leu34), and the B-sheet is melting from time to time from
Gly25 — Ser26 and Lys28 - Ala30 (Fig. 30-Fig.33). This result
is in agreement with the experiments that indicated that the N-
terminal part of Abeta 25-35 is more flexible than the C-
terminal part [39].

Intra-sheet backbone hydrogen bonding keeps together the
B-sheets of the B-sheet stack. Apart from that the system is
stabilized by flickering sidechain bonding and by the few
inter-sheet hydrogen bonds between the sidechain of Lys28
hydrogen and the backbone carbonyl of Gly29 in the nearby B-
sheet.

The strongest intra B-sheet that keeps the stack together
comprises the 1le31 and Ile32 residues that form the main part
of the hydrophobic core. Apart from that, the B-sheets of the
B-sheet stack 6x6Abeta 25-35 are kept together by the
hydrophobic interactions of residues Leu34 and Met35 and by
the electrostatic interactions of residues Ser25 and Asn27.

During the course of rising temperature from 200K till
309K the 6x6Abeta 25-35 B-sheet stack tended to associate
with the stack in a nearby periodic box regardless of the
presence of a 10A water layer surrounding the system.

At 309K the B-sheet of the stack 6x6Abeta 25-35 was kept
mainly in the C-terminal part of the system over the region
1le31 to Leu34 and from time to time over Ser26-Asn27 in the
N-terminal part (Fig. 32-Fig.33).

Apart from forming the B-structure a single strand of Abeta
25-35 stack tends to jump away from the stack and turns from
R-structure to coil conformation with the further perspective to
turn to a-helix (Fig. 32- Fig. 33). This is in accordance with
literature data suggesting the Abeta 25-35 peptide inhering
both B-structure and a-helical structure in water and
membrane environment [38].
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Fig. 34. Hydrogen bonding of 6x6Abeta 25-35 R-sheet stack. Number of
backbone hydrogen bonds — dark gray, number of sidechain hydrogen
bonds — light gray.

IVV. CONCLUSIONS

Both single R-sheet systems of Abeta 25-35, are kept
together by backbone hydrogen bonding. 6Abeta 25-35 and
10Abeta 25-35 systems show the stable R-structure at 200K
temperature. 6Abeta 25-35 and 10Abeta 25-35 systems

69



Scientific Journal of Riga Technical University
Material Science and Applied Chemistry

2011
Volume 23

collapse loosing B-structure at 309K temperature, indicating
that the supplementary R-sheets are required for the R-structure
stabilization.

Both single -sheets (6Abeta 25-35 and 10Abeta 25-35)
tend to cooperate alongside with the R-sheets in nearby
periodic boxes. To examine single R-sheet, more than 5 A
layer periodic water box is needed. The additional four strands
in the 10Abeta 25-35 3-sheet comparing to the 6Abeta 25-35
R-sheet do not stabilize the p-sheet.

Intra-sheet backbone hydrogen bonding keeps together the
B-sheets in the PB-sheet stack of Abeta 25-35. The strongest
intra B-sheet, which keeps the stack together, is comprised of
[1e31 and 11e32 forming the main part of the hydrophobic core.
Apart from that, in the Abeta 25-35 B-sheet stack the B-sheets
are kept together by Leu34 and Met35 hydrophobic
interactions and Ser25 and Asn27 electrostatic interactions. In
several cases the sidechain of Lys28 makes hydrogen bonding
with the backbone carbonyl of Gly29 in the nearby B-sheet.
The C-terminal part of the B-sheet stack is more prone to keep
the B-sheet structure while the N-terminal part of the p-sheet
stack is more flexible which is in accord with the experimental
data [39].

A single strand of the Abeta 25-35 B-sheet stack tends to
jump away from the stack and turns from R-structure to coil
conformation with the further perspective to turn to a-helix.
This is in accordance with literature data suggesting that the
Abeta 25-35 peptide depending on conditions could form both
B-structure and a-helical structure in water and membrane
environment [38].
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Vita Duka, Isabella Bestel, Cezary Czaplewski, Adam Liwo, Inta Liepina. Amiloida beta proteina 25-35 beta-sloksnes un beta-slokSnu
grédas molekulara modeléSana
Amiloioze ir $kistosu proteinu atlocisanas, nepareiza salociSanas un paSasambléSanas neSkistosas fibrillas, kas aizvieto funkciongjosas Stinas
vai blok€ starpSiinu savienojumus. Amiloidozes veido$anas mehanisms vél nav skaidrs. B-amiloida proteins (Abeta) 1- 42 rada cilvéku
amiloidozi, kas izsauc Alcheimera slimibu. Sis darbs péta B-amiloida proteina 25-35 (Abeta 25-35), GSNKGAIIGLM, B-struktiiras veidosanos.
Plakana, paral€la sesu virknu B-sloksne (6Abeta 25-35) un desmit virknu B-sloksne (L0Abeta 25-35), ka arT B-slok$nu gréda, kas konstrugta no
seSam 6Abeta 25-35 B-sloksném (6x6Abeta 25-35), tika simulétas ar molekularo dinamiku (MD) atbilstosi 210 ns, 310 ns un 76 ns, lietojot
programmu paketi Amber 9.0 ar speku lauku f99. Temperatira tika celta pakapienveidigi no 10 K lidz 309 K, ar ilgakiem konstantas
temperatiiras intervaliem pie 200 K un 309 K.
6Abeta 25-35 un 10Abeta 25-35 atsevisku B-sloksnu sisteémas paradija stabilu B-strukturu pie 200 K temperatiras, bet tas kolapsgja, zaudgjot -
struktiiru pie 309 K temperatiiras, lickot secinat, ka papildus p-sloksnes nepiecie§amas B-struktiiras stabilize$anai. Cetras papildus peptidu
virknes10Abeta 25-35 B-sloksné, salidzinot ar 6 Abeta 25-35, nestabilize B-sloksni.
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B-Sloksnu gréda 6x6Abeta 25-35 stipraka starpslok$nu salip$ana notiek ar rezidiju Ile31 un Ile32 veidoto hidrofobo serdi. Bez tam B-sloksnu

grédu kopa tur rezidiju Leu34 un Met35 hidrofobas mijiedarbibas un rezidiju Ser26 un Asn27 elektrostatiskas mijiedarbibas. Dazos gadijumos

rezidija Lys28 sanu kéde veido tidenraza saiti ar blakus B-sloksnes Gly29 pamatk&des karbonilgrupu. B-Sloksnu grédas C-gala pusei ir liclaka

tieksme saglabat B-sloks$nu struktiiru, bet B-slok$nu grédas N-gala puse ir lokanaka; kas ir saskana ar eksperimentaliem datiem [39]. Atsevisks

peptidu virknes no Abeta 25-35 grédas cenSas atdalities un pariet no B-struktiiras spiralveida konformacija ar talaku perspektivu pariet a-

spiralé. Tas ir saskana ar literatiras datiem, kas norada, ka Abeta 25-35 peptids atkariba no argjiem apstakliem var veidot gan f-struktiiru, gan
a-spirales strukttiru tdeni un membrana [38].

Bura lyka, M3a6enna Becrea, llezaps IlamiieBcku, Agam Jluso, UnTa JInennnsa. MoJieky JIsipHOe MO/IeJIMPOBAHUE OHOI'0 0eTa-JIHCTA
M CTeKa U3 0eTa-JaucToB 0ejika Oera-amuions 25 - 35

AMHIIONJI03 — 5TO HENpPaBWIIBHOE CBEPTHIBAHHE M arperamus caMOCOOHMPAIOIINXCS, PAaCTBOPHUMBEIX OEIKOB B HEPAaCTBOPHMBIX BOJIOKHAX,
KOTODBIE 3aMEHAIOT (PyHKIHOHAIBHBIE KICTKU WK OJIOKUPYET CBA3b MEXIY HUMH. MexaHu3M (pOpMUPOBAHHS aMHUIIOUJIOB JIO CHX IIOp HESICCH.
Benok 6era-ammnons 1-42 HecE€T OTBETCTBEHHOCTD 3a (POPMHUPOBAHIE YETIOBEUYECKOTO aMHIION103a, 3TO IPUBOAUT K Oosie3HH AnblreiiMepa. B
pabore m3yuaercsi obpasoBaHHe B-CTPYKTYpbl ammionga Ha Qparmente Genka ammmoua Gera 25-35 (Abeta 25-35), GSNKGAIIGLM.
Inockue, mapasiensHble GeTa-TUCThl U3 mectd Hutedl (6Abeta 25-35) u u3 necsru uuteit (10Abeta 25-35), a Takxke CTek W3 miectTH OeTa-
nuctoB 6Abeta 25-35 (6x6Abeta 25-35) 210ns, 310ns u 76NS MOAEIMPOBAIHCH MOJEKYISIpHOH nuHaMukoi (MJI), MCIONB3ys MpOrpamMmy
Amber 9.0 u cuoBoe mose f99. Temneparypa nogaumanacek crynerdato ot 10K no 200K, BbIgepkuBasi HEKOTOPOE BpeMsl, B CTYIICHYATO
nogauMainack oT 200K 1o 309 K, Taxke BbImepKHBasi HEKOTOPOE BpeMsl.

6Abeta 25-35 u 10Abeta 25-35 crucreMsl 0JJHOrO OeTa-1UCTa, MOKA3hIBAIOT CTAOWIBHYO B-CcTpykTypy mpu Temmepatype 200K, Ho Tepsirot B-
CTpyKTypy Iipu Temmepatype 309K, ykaszaB, 94T0 JOMONHUTENbHBIE B-THCTHI HEOOXOAUMBI IS CTa0MIN3auuH 3-CTpyKTyphl. JlomomHuTenbHbIE
yeteipe HUTH B 10Abeta 25-35 (o cpasuenuio ¢ 25-35 6Abeta) He crabumusupyror B-mucr.

B Gera-nucre creka 6X6Abeta 25-35 cunbHeiinee ckierBaHue BHYTpH P-nuctoB ocymectsisercs ot 11e31 mo 11e32, ¢popmupys ocHoBHYIO
yacte THAPOpoOGHOro sapa. Kpome toro, B P-muct creka 6x6Abeta 25-35 B-nmuctsl gepikarcs BMmecte, Onarogaps THAPOPOGHBIM
B3auMoielicTBuAM oT Leu34 1o Met35 u snexTpoctaTHdeckuM 3auMoIeicTBISIM oT Ser25 no Asn27. B psne cinydaeB 60okoBbie 1ienu u3 Lys28
CO3/IAI0T BOJOPOJHBIE CBSI3BI C KHCIOPOAOM K3 OCHOBHOW 1enu Gly29 B Gnusnexarmux f-muctoB. C-KoHIEBas 4acTh B-IHCT cTeKa Golee
CKJIOHHA COXPAaHUTh [-IUCT CTPYKTYpy B TO Bpems, kak N-KOHIeBas 4acTb PB-JIMCT CTeKa sBJsIeTCsl Ooiee TMOKOM, YTO B COTJIACHH C
9KCIepUMeHTaNbHbIME AaHHbIMH [39]. OnHa HuTka Abeta 25-35 ot creka cTpemMuTcs B JaibHeiIeil mepcrekTuBe nepeiTi ot B-cTpyKTyphl U
npeBpaiaercst B KOH(GOPMAIHMIO 0-CIUpaib. ITO B COOTBETCTBHU C JIMTEPATYPHBIMH JAHHBIMH Tpeimonaraercs, 9yro Abeta 25-35 mentua B
3aBHCHMOCTH OT YCJIOBHI MOKET CTaTh KaK B-CTPYKTYPOH, TaK U O-CIIUPAIbHOM CTPYKTYpOii B BOJIe Mtk Ha MeMmOpane [38 ].
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