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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 β-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 ß-structure at 200K temperature, but  collapse 

loosing ß-structure at 309K temperature, indicating that 

supplementary ß-sheets are required for ß-structure 

stabilization. The additional four strands in 10Abeta 25-35 

comparing to 6Abeta 25-35 do not stabilize the β-sheet. 

In the 6x6Abeta 25-35 beta-sheet stack the strongest intra β-

sheet interactions, which keeps the stack together, is comprised 

by Ile31 and Ile32 forming the main part of the hydrophobic 

core. Apart from that, in the β-sheet stack the β-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 β-sheet. The C-terminal part of 

the β-sheet stack is more prone to keep the β-sheet structure 

while the N-terminal part of the β-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 ß-structure to coil conformation with the 

further perspective to turn to α-helix. This is in accordance with 

literature data suggesting that the Abeta 25-35 peptide could 

form both β-structure and α-helical structure in water and 

membrane environment depending on conditions [38]. 

 

Keyword: Amyloid beta protein, Abeta, amyloidosis, molecular 
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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].   

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].  

 
Fig. 1. Amyloid beta peptide fragment 25-35 (Abeta 25-35, GSNKGAIIGLM. 

 

 

 

Fig. 2. Hydrophobicity of Abeta 25-36 (calculated by MOE [40]). 

 

 

 

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. 

 
 

 
 

Fig. 5. Energy over time of the 6Abeta 25-35 system. 
 

 

 
 

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 

is found in cerebrovascular plaques and in neuritic plaques, 

which cause neurodegeneration and subsequent loss of 

memory in Alzheimer’s disease. 
 

 
Fig. 7. Front view of 6Abeta 25-35 system after 30ns of MD. 

 

 
Fig. 8. Front view of 6Abeta 25-35 system after 145ns of MD. 

 
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 β-structure of the amyloid 

beta protein fragment 25-35 (Abeta 25-35):  

Gly25-Ser26-Asn27-Lys28-Gly29-Ala30-Ile31-Ile32-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 β-

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-

Gly29 [31]. The parallel ß-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 Ile, 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 

 

 

 
Fig. 14. Hydrogen bonding of 6Abeta 25-35 system ß-sheet. Number of 

backbone hydrogen bonds – dark gray, number of sidechain 

hydrogen bonds – light gray.  

 

II. METHODS 

A flat, parallel single six stranded beta-sheet (6Abeta 25-

35) and ten stranded beta-sheet (10Abeta 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 Å 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 Å 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.). 

III. 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 β-sheet in the C-terminal part 

across the β-sheet region from Ile31 to Leu34 (Fig.7- Fig.8, 

Fig. 10-Fig.11). The β-sheet over the region Ser26-Lys28 is 

fluctuating with the β-sheet melting time to time. The middle 

strands 3 - 6 of the six stranded β-sheet also form β-structure 

across the Ser26-Lys28 region, while the β-structure over the 

Ser26-Lys28 region is melting at the β-sheet side strands 1-2 

and 5-6. Six stranded β-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 α-helical elements (Fig.9, Fig. 12, Fig. 13c). 

 Analyses of the 6Abeta 25-35 β-sheet at 200 K, where the 

β-sheet is stable, shows that the β-sheet is kept together by 

backbone hydrogen bonding (Fig.14 - Fig. 15) and by few  

flickering sidechain hydrogen bonding (Fig. 14), and 

hydrophobic residues Ile31, Ile32, Leu34, Met35. 

During the course of simulation when the system shows the 

stability of β-sheet, the distances between the mass centers of 

the adjacent strands of the beta-sheet are about 5 Å (Fig.16  – 

Fig. 22), which is in concord with NMR data of 5 Å 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 ß-sheet at a) 30 ns, b) 

145 ns, c) 206 ns, d) 214 ns, e) 256 ns of MD run. 

 

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

stable upon heating till 270 K and began to lose the β-structure 

at 280 K, and it totally dissolved at 290 K, suggesting that for 

stabilization the β-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 β-sheet. 

Both single ß-sheets (6Abeta 25-35 and 10Abeta 25-35) 

tend to cooperate alongside with ß-sheets in nearby periodic 

boxes suggesting that more than 5 Å layer periodic water box 

is needed to simulate the isolated single β-sheet. 

 

Fig. 16. Mass center distances between Serine 26 (III strand)-Serine 26 (IV 

strand) 

 

Fig. 17. Mass center distances between Lysine 28 (III strand)-Lysine 28 (IV 

strand) 

 

Fig. 18. Mass center distances between Alanine 30 (III strand)-Alanine 30 

(IV strand 
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Fig. 19. Mass center distances between Isoleucine 31 (III strand)-Isoleucine 

31 (IV strand) 

 

Fig. 20. Mass center distances between Isoleucine 32 (III strand)-Isoleucine 

32 (IV strand) 

 

Fig. 21. Mass center distances between Leucine 34 (III strand)-Leucine 34 

(IV strand) 

 

Fig. 22. Mass center distances between Methionine 35 (III strand)-

Methionine 35 (IV strand) 

 

 
Fig. 23. Front view of 10Abeta 25-35 system after 30ns of MD run 

 

 

Fig. 24. Front view of 10Abeta 25-35 system after 145ns of MD run 
 

 

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

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

structures towards extended beta strands, which could 

willingly form a stable beta-sheet. 

 

Fig. 27. Temperature over time of the beta sheet stack 6x6Abeta 24-35. 

 

Fig. 28.  Energy over time of the beta sheet stack 6x6Abeta 24-35 

 

Fig. 29. Density over time of the beta sheet stack 6x6Abeta 24-35 

 

 
 

Fig. 30. 6x6Abeta 25-35 system after 4ns of MD run at 10 K 
 

 
Fig. 31. 6x6Abeta 25-35 system after 36ns of MD run at 200 K 
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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 β-sheet stack 6x6Abeta 

25-35 at 200 K show stable β-sheet structure (from Ile31 – 

Leu34), and the β-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 

β-sheets of the β-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 β-

sheet. 

The strongest intra β-sheet that keeps the stack together 

comprises the Ile31 and Ile32 residues that form the main part 

of the hydrophobic core. Apart from that, the β-sheets of the 

β-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 β-sheet stack tended to associate 

with the stack in a nearby periodic box regardless of the 

presence of a 10Å water layer surrounding the system. 

At 309K the β-sheet of the stack 6x6Abeta 25-35 was kept 

mainly in the C-terminal part of the system over the region 

Ile31 to Leu34 and from time to time over Ser26-Asn27 in the 

N-terminal part (Fig. 32-Fig.33).  

Apart from forming the β-structure a single strand of Abeta 

25-35 stack tends to jump away from the stack and turns from 

ß-structure to coil conformation with the further perspective to 

turn to α-helix (Fig. 32- Fig. 33). This is in accordance with 

literature data suggesting the Abeta 25-35 peptide inhering 

both β-structure and α-helical structure in water and 

membrane environment [38].  

 

Fig. 34. Hydrogen bonding of 6x6Abeta 25-35 ß-sheet stack. Number of 

backbone hydrogen bonds – dark gray, number of sidechain hydrogen 
bonds – light gray.  

IV. CONCLUSIONS 

Both single ß-sheet systems of Abeta 25-35, are kept 

together by backbone hydrogen bonding. 6Abeta 25-35 and 

10Abeta 25-35 systems show the stable ß-structure at 200K 

temperature. 6Abeta 25-35 and 10Abeta 25-35 systems 
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collapse loosing ß-structure at 309K temperature, indicating 

that the supplementary ß-sheets are required for the ß-structure 

stabilization.  

Both single ß-sheets (6Abeta 25-35 and 10Abeta 25-35) 

tend to cooperate alongside with the ß-sheets in nearby 

periodic boxes. To examine single ß-sheet, more than 5 Å 

layer periodic water box is needed. The additional four strands 

in the 10Abeta 25-35 ß-sheet comparing to the 6Abeta 25-35 

ß-sheet do not stabilize the β-sheet.  

Intra-sheet backbone hydrogen bonding keeps together the 

β-sheets in the β-sheet stack of Abeta 25-35. The strongest 

intra β-sheet, which keeps the stack together, is comprised of 

Ile31 and Ile32 forming the main part of the hydrophobic core. 

Apart from that, in the Abeta 25-35 β-sheet stack the β-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 β-sheet. 

The C-terminal part of the β-sheet stack is more prone to keep 

the β-sheet structure while the N-terminal part of the β-sheet 

stack is more flexible which is in accord with the experimental 

data [39].  

A single strand of the Abeta 25-35 β-sheet stack tends to 

jump away from the stack and turns from ß-structure to coil 

conformation with the further perspective to turn to α-helix. 

This is in accordance with literature data suggesting that the 

Abeta 25-35 peptide depending on conditions could form both 

β-structure and α-helical structure in water and membrane 

environment [38]. 
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Vita Duka, Isabella Bestel, Cezary Czaplewski, Adam Liwo, Inta Liepiņa. Amiloīda beta proteīna 25-35 beta-sloksnes un beta-slokšņu 

grēdas molekulārā modelēšana 

Amiloioze ir šķīstošu proteīnu atlocīšanās, nepareiza salocīšanās un pašasamblēšanās nešķīstošās fibrillās, kas aizvieto funkcionējošas šūnas 

vai bloķē starpšūnu savienojumus. Amiloidozes veidošanās mehānisms vēl nav skaidrs. β-amiloīda proteīns (Abeta) 1- 42 rada cilvēku 

amiloidozi, kas izsauc Alcheimera slimību. Šis darbs pēta β-amiloīda proteīna 25-35 (Abeta 25-35), GSNKGAIIGLM, β-struktūras veidošanos. 

Plakana, paralēla sešu virkņu β-sloksne (6Abeta 25-35) un desmit virkņu β-sloksne (10Abeta 25-35), kā arī β-slokšņu grēda, kas konstruēta no 

sešām 6Abeta 25-35 β-sloksnēm (6x6Abeta 25-35), tika simulētas ar molekulāro dinamiku (MD) atbilstoši 210 ns, 310 ns un 76 ns, lietojot 

programmu paketi Amber 9.0 ar spēku lauku f99. Temperatūra tika celta pakāpienveidīgi no 10 K līdz 309 K, ar ilgākiem konstantas 

temperatūras intervāliem pie 200 K un 309 K. 

6Abeta 25-35 un 10Abeta 25-35 atsevišķu β-slokšņu sistēmas parādīja stabilu β-struktūru pie 200 K temperatūras, bet tās kolapsēja, zaudējot β-

struktūru pie 309 K temperatūras, liekot secināt, ka papildus β-sloksnes nepieciešamas β-struktūras stabilizēšanai. Četras papildus peptīdu 

virknes10Abeta 25-35 β-sloksnē, salīdzinot ar 6Abeta 25-35, nestabilizē β-sloksni. 
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β-Slokšņu grēdā 6x6Abeta 25-35 stiprākā starpslokšņu salipšana notiek ar rezidiju Ile31 un Ile32 veidoto hidrofobo serdi. Bez tam β-slokšņu 

grēdu kopā tur rezidiju Leu34 un Met35 hidrofobās mijiedarbības un rezidiju Ser26 un Asn27 elektrostatiskās mijiedarbības. Dažos gadījumos 

rezidija Lys28 sānu ķēde veido ūdeņraža saiti ar blakus β-sloksnes Gly29 pamatķēdes karbonilgrupu. β-Slokšņu grēdas C-gala pusei ir lielāka 

tieksme saglabāt β-slokšņu struktūru, bet β-slokšņu grēdas N-gala puse ir lokanāka; kas ir saskaņā ar eksperimentāliem datiem [39]. Atsevišķs 

peptīdu virknes no Abeta 25-35 grēdas cenšas atdalīties un pāriet no ß-struktūras spirālveida konformācijā ar tālāku perspektīvu pāriet α-

spirālē. Tas ir saskaņā ar literatūras datiem, kas norāda, ka Abeta 25-35 peptīds atkarībā no ārējiem apstākļiem var veidot gan β-struktūru, gan 

α-spirāles struktūru ūdenī un membrānā [38]. 

 

Вита Дука, Изабелла Бестел, Цезарь Цаплевски, Адам Ливо, Инта Лиепиня. Молекулярное моделирование одного бета-листа 

и стека из бета-листов белка бета-амилоид 25 - 35 

Амилоидоз – это неправильное свѐртывание и агрегация самособирающихся, растворимых белков в нерастворимых волокнах, 

которые заменяют функциональные клетки или блокирует связь между ними. Механизм формирования амилоидов до сих пор неясен. 

Белок бета-амилоид 1-42 несѐт ответственность за формирование человеческого амилоидоза, это приводит к болезни Альцгеймера. В 

работе изучается образование β-структуры амилоида на фрагментe белка амилоид бета 25-35 (Abeta 25-35), GSNKGAIIGLM. 

Плоские, параллельные бета-листы из шести нитей (6Abeta 25-35) и из десяти нитей (10Abeta 25-35), а также стек из шести бета-

листов 6Abeta 25-35 (6x6Abeta 25-35) 210ns, 310ns и 76ns моделировались молекулярной динамикой (МД), используя программу 

Аmber 9.0 и силовое поле f99. Температура поднималась ступенчато от 10K до 200К, выдерживая некоторое время, и  ступенчато 

поднималась от 200K до 309 К, также  выдерживая некоторое время. 

6Abeta 25-35 и 10Abeta 25-35 системы одного бета-листа, показывают стабильную ß-структуру при температуре 200К, но теряют ß-

структуру при температуре 309K, указав, что дополнительные ß-листы необходимы для стабилизации ß-структуры. Дополнительные 

четыре нити в 10Abeta 25-35 (по сравнению с 25-35 6Abeta) не стабилизируют β-лист. 

В бета-листе стека 6x6Abeta 25-35 сильнейшee склеиваниe внутри β-листов осуществляется от Ile31 до Ile32, формируя основную 

часть гидрофобного ядра. Кроме того, в β-лист стека 6x6Abeta 25-35 β-листы держатся вместе, благодаря гидрофобным 

взаимодействиям от Leu34 до Met35 и электростатическим заимодействиям от Ser25 до Asn27. В ряде случаев боковые цепи из Lys28 

создают водородныe связы с кислородoм из основной  цепи Gly29 в близлежащих β-листов. C-концевая часть β-лист стека более 

склонна сохранить β-лист структуру в то время, как N-концевая часть β-лист стека является более гибкoй, что в согласии с 

экспериментальными данными [39]. Одна нитка Abeta 25-35 от стека стремится в дальнейшей перспективе перейти от ß-структуры и 

превращается в конформацию α-спираль. Это в соответствии с литературными данными предполагается, что Abeta 25-35 пептид в 

зависимости от условий может стать как β-структурой, так и α-спиральной структурой в воде или на мембранe [38 ]. 

 


