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Abstract: There is an opinion in professional literature that edge-strands in β-sheet are critical to the
processes of amyloid transformation. Propagation of fibrillar forms mainly takes place on the basis
of β-sheet type interactions. In many proteins, the edge strands represent only a partially matched
form to the β-sheet. Therefore, the edge-strand takes slightly distorted forms. The assessment of
the level of arrangement can be carried out based on studying the secondary structure as well as the
structure of the hydrophobic core. For this purpose, a fuzzy oil drop model was used to determine
the contribution of each fragment with a specific secondary structure to the construction of the system
being the effect of a certain synergy, which results in the construction of a hydrophobic core. Studying
the participation of β-sheets edge fragments in the hydrophobic core construction is the subject of the
current analysis. Statuses of these edge fragments in β-sheets in ferredoxin-like folds are treated as
factors that disturb the symmetry of the system.
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1. Introduction

The process of amyloid transformation is associated with the reproduction of structural forms of
β-structure type [1]. The helical structure does not create conditions for propagation. On the one hand,
the native protein structure guarantees stability but also prevents the formation of complexes in an
uncontrolled manner [2]. In the proteins’ activity, there is a need for complexation, necessary for their
activity, whose control protects against uncontrolled aggregation [3]. Amyloid transformation can be
caused by the presence of mutations, but it also occurs with respect to the native form of proteins [4].

The activity of proteins is also accompanied by the possibility of dynamic structure change.
The question concerns the limits of those changes that do not allow pathological changes [5,6]. Another
condition that guarantees the activity of proteins is their solubility [7]. The critical external factor is
the proper temperature [8,9]. In the light of all these conditions that may be relevant for aggregation,
including uncontrolled aggregation, the status of the so-called edge β-strands in the β-sheets turns out
to be critical. The investigation of the role of these fragments of polypeptide chain are studied in many
works [10,11]. The role of these fragments was determined using targeted mutations introduced in
edge-strands in the β-sheets [10,12,13].

In the present work, the assessment of the predisposition for aggregation (including the amyloid
transformation) of the examined proteins is carried out based on the analysis of the structure of the
hydrophobic core. For this purpose, a fuzzy oil drop model was used, with which it is possible to
assess the degree of arrangement within a given protein and to identify local deviations from idealized
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distributions expressing the centric hydrophobic core as it is expected in spherical micele [14,15].
The 3D Gauss function is adopted to express this type of hydrophobicity distribution.

The subject of the analysis is a set of two proteins in which the role of two edge Beta-stands
in Beta-sheet is discussed in the context of their participation in the amyloid transformation [8,16].
The analyzed elements were Acylphosphatase Drosphila Melanogaster and Sulfolobus solfataricus as
well as 4 forms of mutation of the second one. The introduction of appropriate mutations is aimed
at checking how the sequence of edge fragments influences dimer generation, which is a way of
preventing complexation of more chains leading to the formation of an amyloid form.

2. Materials and Methods

2.1. Data

The subject of the analysis are acylphosphatase derived from Drosophila melanogaster (called
AclDM in this paper) and Sulfolobus solfataricus (called AclSS in this paper) [8,16]. These proteins
represent topology βαββαβ [8,11,17–21]. The unstructured N-terminal fragment with a length of
11 aa is absent in the AclSS structure (2BJD) in the form available in PDB—here absent in the pdb
structure [8]. This unstructured segment by interacting with another molecule of this protein promotes
the formation of amyloid-like structures. However, this enzyme is not identified as misfolded in any
pathological process. The analysis focuses on the role of edge fragments—β-sheet components due to
the possibility of interaction resulting in the formation of amyloid-like complexes.

Biotechnological modification of these edge-fragments aimed at protection against amyloid-like
aggregation enabled the identification of the role of these fragments [22].

In comparison with SS, Dro2 shows much lower protection against the generation of amyloid-like
forms [23]. The AclDM protein undergoes amyloid transformation in the presence of small amounts of
2,2,2-trifluoroethanol [22]. Using the edge-fragment modification of acylphosphataseSS, conditions
for native-like aggregation in the form of dimers were checked as a way to prevent the formation of
amyloid-like aggregates. Therefore, forms of this protein with the introduced mutations [10] are also
the subject of the analysis. The analysis was carried out on the basis of structures available in PDB—as
given in Table 1 [24].

Table 1. Proteins constituting the subject of the analysis. Brief characteristics of these proteins
are given. Secondary structure according to CATH (Class Architecture Topology/fold Homologous
superfamily [25,26].

Protein Abbreviations Used
(PDB ID)

Sequence
Identity

Length
(aa)

Secondary
Structure Ref.

Acylphosphatase
Drosphila Melanogaster

AclDM
(1URR) LOW

98
3.30.70.100
Alpha Beta

2-Layer Sandwich
[16]

Acylphosphatase
Sulfolobus solfataricus

AclSS
(2BJD) 101

3.30.70.100
Alpha Beta

2-Layer Sandwich
[8]

AclSS(V84D)
(4OJG) V84D 101 3.30.70.100 [10]

AclSS(V84P)
(4OJ3) V84P 101 3.30.70.100 [10]

AclSS(V86E)
(4OJH) Y86E 101 3.30.70.100 [10]

AclSS ∆N11
(4OXI) ∆N11 101 3.30.70.100 [10]
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2.2. Fuzzy Oil Drop Model

This model has already been described in detail in the literature [14,15]. The assessment of the
status of a given protein from the point of view of the hydrophobicity distribution is carried out
based on the measurement of the degree of similarity of the distribution observed (O) in the protein
molecule to the idealized distribution (T) expressed by the 3D Gauss function. The comparison of
these two distributions, of which the T distribution is a reference distribution, is carried out using
Kullback–Leibler entropy [27]. Interpretation of the divergence entropy value is possible after entering
the second reference distribution (R). The R distribution is a uniform distribution where the level of
hydrophobicity assigned to the residues is equal for all residues present in the protein and is equal to
1/N, where N is the number of amino acids in the chain. An RD (relative distance) parameter with a
value lower than 0.5 means the proximity of the O and T distributions. Otherwise, the O distribution is
similar to the R distribution.

The RD parameter can be used to evaluate both the hydrophobic core status of an entire protein
molecule and the status of a selected fragment of the polypeptide chain in a given protein. In both
cases, the calculation of the divergence entropy value is preceded by the operation of normalizing the
distribution of T, O, and R.

A detailed description of the fuzzy oil drop model is available in [28].
In the present work, the discussed proteins will be analyzed making the status of the hydrophobic

core a criterion for expressing the presence of a synergistic system covering all residues in the protein.
It becomes possible to analyze the impact of the introduced mutations on the structure of a common
hydrophobic core both in the monomer and dimers that these proteins form.

The value of the RD parameter is quite consistent with the value of the correlation coefficient for
the relationship Ti to Oi. The high correlation value between the last two parameters can also be a
measure of the compatibility of the O distribution with the T distribution. The higher RD the lower
correlation coefficient can be seen in tables given in this paper. The very short fragments (like 3 aa)
can be the exceptions. Values of correlation coefficient are given in the tables describing the status of
discussed proteins and fragments with a specific secondary structure.

3. Results

A summary of the obtained RD values of monomers of the analyzed proteins as well as selected
fragments of polypeptide chains is summarized in Table 2. including fragments representing sections
with a specific secondary structure and immediate surroundings of catalytic residues.

The arrangement of β-structural segments is not identical in both compared proteins, although
the high degree of similarity of the tertiary structure (often referred to as ferredoxin-like) expressed the
same classification in CATH [25,26] justifies the possibility of comparative analysis. Interpretation
of the results presented in Table 2 means that the compared proteins show a relatively high degree
of similarity in the distribution of T and O. This, in turn, means that both proteins have a centrally
located hydrophobic core and the surface of the proteins is covered with polar residues. Visualization
of the relationship between T and O distributions reveals both the great similarity of these two profiles
but also the local inconsistencies (Figure 1).
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Table 2. RD parameter values for the whole molecule and for the selected fragments. Values close to
are 0.5 underlined. CC—correlation coefficient for Ti versus Oi relation. Bold—lack of accordance
between Ti and Oi.

AclDM [16]
(1URR) Fragment CC RD RD CC Fragment AclSS [8]

(2BJD)

AclDM 2-98 0.617 0.418 0.422 0.613 12-101 AclSS [8]Beta
Helix

Beta 6-16 0.346 0.590 0.545 0.612 12-23 Beta
Helix 21-34 0.498 0.434 0.458 0.474 28-41 Beta
Beta 36-42 0.810 0.337 0.474 0.487 43-49 Helix
Beta 47-53 0.465 0.431 0.473 0.59 53-61
Helix 54-67 0.473 0.464 0.317 0.715 62-75 Beta
Beta 74-81 0.542 0.561 0.492 Beta
Beta 84-86 0.194 0.496 0.292 0.793 80-89
Beta 94-96 0.960 0.154 0.200 0.955 97-101 β-sheet

β-sheet 0.607 0.444 0.389 0.696 P–P
Ligand bind. 10−12,79−81 0.956 0.101 0.469 0.497 15,17,19,49,50 Enzymatic

85-87,92,94 30R
Enzymatic 18-28 48N

23R 36-46 0.198 0.640 0.570 0.259 25-35
41N 0.853 0.222 0.508 0.504 43-53
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comparable to that in AclDM (1URR). 

Figure 1. Hydrophobicity density distribution profiles for 1URR (A) and chain A of 2BJD (B): theoretical
(T—blue line) and observed (O—red line). Markers at the top denote secondary structure fragments
(red hexagons—helices, yellow squares—sheets). Fragments marked by red shade exhibit RD (relative
distance) > 0.5. Fragments marked by blue shade exhibit RD ≤ 0.5. Yellow region on A—RD close to
0.5. Green triangle markers (facing up) denote residues engaged in ligand binding. Purple triangles
(facing down) denote protein-protein interaction. Catalytic residues are shown as brown rhombuses,
while members of the hydrophobic core are marked by white circles.

The AclSS status (2BJD) shows the compatibility of the expected and observed distribution. Only
12-23 β-strand exhibits maladjustment. Residues involved in interacting with the second chain show
the status compatible with the expected. This means that the presence of the second chain did not
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affect the arrangement within the monomer. The status of catalytic residues and their immediate
environment shows an arrangement deviating from the expected one, although 48N slightly exceeds
the critical value of 0.5. The 30R catalytic residue in AclSS has a status comparable to that of 23R in
AclDM 1URR.

A low RD value for the whole molecule does not preclude local mismatch, as revealed by high
RD values for chain fragments. Status of β-strand 6-16 shows locally high non-compatibility with the
expected distribution. Similarly, β-strand 74-81 reveals a different hydrophobicity distribution than
expected. The fragment 84-86 was also distinguished, whose status minimally exceeds the limit value
of 0.5, which entitles the qualification of this fragment also to the status of non-compatible. The location
of the highlighted fragments in the 3D presentation reveals the role of the discussed fragments as
edge segments.

The N-terminal fragment in AclDM (1URR) has a local excess of hydrophobicity, which may
potentially predispose it to interact with another protein or chain. Similarly, the edge segment (74-81
together with 84-86) shows different distribution, exposing high hydrophobicity in places where rather
low level is expected. The status of catalytic residues and their immediate surroundings is varied.
The surroundings of R23 is clearly not adapted to the expected distribution while that of N41 is well
adapted to the expected distribution (Figure 2). The β-structured fragment in AclSS (2BJD), showing a
different status than expected, is not the edge one. Its status is comparable to that in AclDM (1URR).Symmetry 2020, 12, x FOR PEER REVIEW 6 of 16 
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Figure 2. 3D presentation of 1URR (A) and chain A of 2BJD (B). Fragments marked by red color
exhibit RD > 0.5. Fragments marked by blue color exhibit RD ≤ 0.5. Yellow fragment on A—RD
close to 0.5. Catalytic residues are shown as spheres (darker color—23R in 1URR and 30R in 2BJD,
lighter color—41N in 1URR and 48N in 2BJD). Member of the hydrophobic core are represented by
semi-transparent surface inside each protein.

From the point of view of the structure of the hydrophobic core, the stability of AclSS (2BJD) turns
out to be higher (assuming the presence of a hydrophobic core as a stabilizing factor) than AclDM
1URR. An additional difference is the fact that the edge fragment 74-86 in AclDM 1URR is unstable. If
the assumption about the decisive role of edge fragments of β-plates in maintaining the stability of the
whole protein is correct, then the AclDM protein should have a greater predisposition to structural
changes than the AclSS protein.
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3.1. The Presence of Mutations Limiting the Predisposition to Aggregation of AclSS

It should be noted that all the newly introduced amino acids in the area of the edge segment
reduce the hydrophobicity of this segment (Table 3).

Table 3. Mutant status and their secondary fragments. Positions with status greater than 0.5 for RD
values in bold. Fragments with mutation present—underlined. Mutant—the position expressing status
for the mutation position and the immediately adjacent segment from i-5 aa to i+5 aa. For the AclSS
form (2BJD) it is the segment 79−91 covering both mutation positions. CC—correlation coefficient for
Ti versus Oi relation.

Protein ID 2BJD 4OIX 4OJG 4OJ3 4OJH
Name AclSS ∆N11 ∆N11 ∆N11 ∆N11

Mutation V84D V84P Y86E

RD CC RD CC RD CC RD CC RD CC

Chain 0.422 0.613 0.432 0.595 0.438 0.575 0.447 0.577 0.467 0.567
23-12 0.545 0.612 0.531 0.636 0.640 0.520 0.558 0.613 0.605 0.604

28-41 H 0.458 0.474 0.537 0.317 0.504 0.388 0.523 0.365 0.530 0.358
43-49 0.474 0.487 0.522 0.355 0.507 0.394 0.515 0.373 0.522 0.371
53-61 0.473 0.590 0.471 0.578 0.505 0.541 0.463 0.595 0.512 0.563

62-75 H 0.317 0.715 0.333 0.697 0.322 0.724 0.313 0.726 0.301 0.73
80-89 0.292 0.793 0.252 0.821 0.372 0.636 0.468 0.454 0.460 0.547
97-101 0.200 0.955 0.165 0.950 0.198 0.950 0.186 0.963 0.155 0.960

Beat-sheet 0.389 0.696 0.393 0.685 0.423 0.640 0.408 0.660 0.431 0.658
Mutant 0.390 0.601 0.482 0.300 0.532 0.131 0.486 0.434

The introduction of the mutation in all cases resulted in an increase in RD value, however slightly.
In all versions (native and in mutants) the status of the N-terminal segment shows maladjustment
to the expected distribution. Additional β-structural fragments appear in the mutants showing
maladjustment status. However, this does not apply to the edge segment, which in all the discussed
versions has the status of a high compatibility of the T and O distribution.

Characteristic for the Y86E and V84P forms is the additional maladjustment of the hydrophobicity
distribution within the 28-41 helix. The β-structure fragment 43-49 also changes its status to showing
maladjustment. The status of the complete β-sheet shows adaptation to the expected distribution,
although in the case of V84D and Y86E some increase in the value of RD is noted. Profiles visualizing
T and O distributions for the discussed mutants are given in Figure 3, where local differences and
deviations from the T distribution are visible.

Conclusions from the profiles in relation to the fragment 80-89 reveals a local hydrophobicity
deficit that takes various forms. This is due to the introduction of residues with lower hydrophobicity
compared to the native structure.

Visualization of the location of β-structured sections with the status RD > 0.5 is given in Figure 4.
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Figure 3. Hydrophobicity density distribution profiles for monomers of 4OIX (A), 4OJ3 (B), 4OJG (C),
4OJH (D): theoretical (T—blue line) and observed (O—red line). Markers at the top denote secondary
structure fragments (red hexagons—helices, yellow squares—sheets). Fragments marked by red shade
exhibit RD > 0.5. Fragments marked by blue shade exhibit RD ≤ 0.5. Green fragments—β-strand with
mutations. Purple triangles (facing down) denote protein-protein interaction. Orange stars mark the
mutation in given protein, while black stars mark the mutations in other proteins.
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Figure 4. 3D presentation of monomers of 4OIX (A), 4OJ3 (B), 4OJG (C), 4OJH (D). Fragments
marked by red color exhibit RD > 0.5. Fragments marked by blue color exhibit RD ≤ 0.5. Green
fragments—β-strand with mutations. Orange spheres mark the mutation in given protein, while black
spheres mark the mutations in other proteins.

3.2. The Status of Edge β-Strands in Complexes

The interface status in the complex showing RD < 0.5 means that interface is involved in the
construction of the common core. If among the residues in the interface there are those belonging to the
fragment of an edge, it means that the discussed edge fragment is involved in complexing the second
chain. The only symmetrical form of the dimer was generated by V84D, where the interface has the
form of propagating β-sheet. Dimer symmetry is visible on the profiles of Figure 5. Table 4 summarizes
the parameters characterizing the edge fragment and its contribution to the interface structure. P–P
means the protein–protein interaction zone, which was defined based on the distance criterion.



Symmetry 2020, 12, 1032 9 of 14Symmetry 2020, 12, x FOR PEER REVIEW 11 of 16 

 

 

Figure 5. Hydrophobicity density distribution profiles for dimers of 2BJD (A), 4OJ3 (B), 4OJG (C), 

4OJH (D): theoretical (T—blue line) and observed (O—red line). Green fragments—β-strand with 

mutations. Purple triangles (facing down) denote protein-protein interaction. Orange stars mark the 

mutation in given protein, while black stars mark the mutations in other proteins. Dashed vertical 

line is the chain separator. 

V84 is rather involved in the formation of the core within the monomer (directed towards the 

center of the monomer). Y86 is rather exposed to the aquatic environment. Y86 is included in the 

interface only in the A chain (Figure 6). 

Figure 5. Hydrophobicity density distribution profiles for dimers of 2BJD (A), 4OJ3 (B), 4OJG (C),
4OJH (D): theoretical (T—blue line) and observed (O—red line). Green fragments—β-strand with
mutations. Purple triangles (facing down) denote protein-protein interaction. Orange stars mark the
mutation in given protein, while black stars mark the mutations in other proteins. Dashed vertical line
is the chain separator.
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Table 4. Status of the complete complex, interface (protein–protein interaction, P–P), non-interface (No
P–P) part of the complex, and edge-fragment status in complex. Status RD < 0.5 is underlined.

Protein Complete P–P NoP–P
Edge Fragment

Chain A Chain B Chains A+B

AclSS (2BJD) 0.684 0.488 (11/17) 0.651 0.754 0.848 0.810

4OJG (V84D) 0.676 0.281 (13/22) 0.629 0.411 0.416 0.414
4OJ3 (V84P) 0.650 0.532 (10/22) 0.608 0.722 0.635 0.687
4OJH (Y86E) 0.670 0.502 (2/14) 0.630 0.498 0.763 0.837

Analysis of the results presented in Table 4 reveals that the V84D dimer (4OJG) was created by
generating a common hydrophobic core (very low RD value for P–P interaction). The RD values
characterizing the edge sections in this complex also show values below 0.5, which means that their
status is also compatible with the expected hydrophobicity distribution for the complex, where the
common hydrophobic core should be located in the central part. The significant part of residues
included in the edge fragments in the interface suggests that in the case of the V84D (4OJG) edge
fragments are involved in the interface construction. The central hydrophobic core is mainly generated
by the proximity of two Phe88 and Met16, as seen in the profiles of Figure 5.

The parameter set for V86E (4OJH) reveals the asymmetrical arrangement of monomers in the
dimer due to the significant differences in the status of the edge fragment in both chains. The minimum
number of residues of this fragment is involved in creating the interface, whose status is far from the
ordering as expected for the complex (similarly in V84P (4OJ3)). None of these complexes show the
presence of a common hydrophobic core for the dimer (high RD values for the complexes).

Summing up the results contained in Table 4. it can be stated that none of the dimers produced by
the mutants recreated the structural form present in the native AclSS protein (2BJD). Have structures
with less predisposition to aggregation than represented by AclSS (2BJD) been obtained? From the
point of view of fuzzy oil drop analysis, only the V84D (4OJG) model shows a complexing mechanism
based on hydrophobic interaction. The authors [10], introducing residues with lower hydrophobicity,
expected the participation of charges in the interaction between monomers. In V86E (4OJH) edge,
the fragment does not participate at all in creating the interface. In contrast, complexing in V84D
(4OJG) is based on a hydrophobic interaction. Despite the introduction of a residue with a much lower
intrinsic hydrophobicity, the interface status turns out to be compatible with the centric hydrophobic
core. The proportion of this type of interaction appears to be higher than in the complex formed by
two native monomers. In the construction of the interface in 4OJH (Y86E), a small number of residues
originating from the edge fragment takes part.

V84 is rather involved in the formation of the core within the monomer (directed towards the
center of the monomer). Y86 is rather exposed to the aquatic environment. Y86 is included in the
interface only in the A chain (Figure 6).

3.3. Presence of Trifluoroethanol (TFE)

The low concentration (5% vol / vol) of trifluoroethanol (TFE) is enough for the AclDM (1URR)
form to undergo rapid amyloid transformation [7]. This phenomenon based on the fuzzy oil drop
model is interpreted as the effect of the influence of the presence of factors (as in this case TFE) on the
structuring of water, which provides an external field for the process of folding polypeptide chains
leading to the appearance of the native form of the protein. The amyloid form may be the result
of a different structuring of water in the presence of such compounds as urea, which promotes the
unfolding of the polypeptide chain. The adjustment of the hydrophobicity distribution to 3D Gauss
function for globular proteins and in the amyloid proteins—to 2D Gauss function can be regarded as
the effect of such a change in the field characteristics generated by water.
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Figure 6. 3D presentation of dimers of 2BJD (A), 4OJ3 (B), 4OJG (C), 4OJH (D). Fragments marked by red
color exhibit RD > 0.5. Fragments marked by blue color exhibit RD ≤ 0.5. Green fragments—β-strand
with mutations. Orange spheres mark the mutation in given protein, while black spheres mark the
mutations in other proteins. Residues engaged in protein-protein interaction have their side chains
displayed as sticks and are surrounded by a semi-transparent surface.

For some reason a single chain selects the arrangement expressed by a 2D Gaussian hydrophobicity
distribution, where one of sigma parameters for one of the directions in three-dimensional space is
equal to zero (say σz→ 0 for the orientation of the amyloid fibril, where the long axis of the fibril
coincides with the Z-axis). Aggregation of many molecules into fibril forms a σz→∞ system that
strives for infinity. However, the fibril system is a consequence of 2D Gaussian structure for a single
polypeptide chain [28–30].

4. Discussion

In the present study, the assessment of stability and potential aggregation abilities was carried out
from the point of view of the characteristics of the hydrophobic core treated (see biochemistry textbooks)
as a factor stabilizing tertiary structure. The experimental study aimed to demonstrate the role of
β-edge in the potential for transformation, including amyloid AclDM (1URR). The focus was also on
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the analysis of the presence of the characteristic bulkier in the edge [10]. In the amyloid-like aggregation
process of these proteins, segment 1-11 is important, which is not present in the crystal structures [10].
That treatment in [10] was aimed at highlighting the characteristics of the edge fragment, including the
characteristic role of bulkier on aggregation abilities. Therefore, experimental research revealing the
effect of introduced mutations within the edge fragment allowed to indicate the role of this fragment.
Taking the structure of the hydrophobic core as a criterion for this stability, the monomeric forms of
these proteins prove to be stable. In the AclDM (1URR) structure, the edge-β-sheet segment shows
incompatibility to the core centric system in contrast to AclSS (2BJD), where its status is consistent with
idealized distribution. The characteristic status of catalytic residues and their immediate surroundings
shows incompatible distribution [31].

Despite the low RDs for the whole molecules, local disorder of distribution is observed. The number
of β-strands varies from 1 to 3. In mutants, however, they are located in the central part of the β-sheet.
Edge fragment with status incompatible with idealized distribution is present in AclDM (1URR).
The aim of analysis is also the estimation of dimer stability. The ability to generate them promotes the
method of preventing aggregation (amyloid forms). This means that no common core was generated in
the dimers (RD values> 0.5 for dimers) (Table 4). On the other hand, in V84D, the status of the interface
itself turns out to be as expected. This means that this version generates a common hydrophobic core.
Edge sections take part in its construction, forming a continuing β-sheet system. In the construction of
this core, Phe88 and Met16 have a large contribution. The status of the whole dimer (RD > 0.5) results
from the disorder of the rest of the chains.

The contribution of TFE as a factor favoring amyloid transformation [10] seems to support the
conclusions based on fuzzy oil drop model. The presence of TFE is assumed to rather influence
the unknown structuralization of water playing the role of external force field for folding protein.
According to the fuzzy oil drop model, it is also assumed that the aqueous environment (including
0.9% NaCl) generates an appropriate external field directing the process towards the concentration of
hydrophobic residues in the center of the molecule with simultaneous exposure of hydrophilic residues
on the surface. The disturbance of water structuring through for example shaking or the presence of
factors like TFE—changes its interaction with the folding chain leading to a different type of synergy.
Instead of the centric hydrophobic core expressed by means of 3D Gaussian functions, an arrangement
is generated, which for a single chain being a component of fibril, adopts that compatible with 2D
Gauss’s function. All amyloids available to date represent a flat system with a centrally located
hydrophobic core [19]. Most likely, the presence of TFE has just such an influence. Other external
factors, including shaking (increasing the presence of the water/air interphase system) affect water
structuralization and the external field generated by it directs the folding process in a direction other
than the native [32–34].

The phenomenon of solubility requires the detailed explanation even for simple molecules like
monosacharides [35]. The phenomenon of protein folding shall take into consideration the mutual
influence of water environment and soluble molecule.

5. Conclusions

This paper shows the role of edge β-strands in β-sheets relying in introduction a disorder of the
ordering form present in β-sheets. The consequence of this arrangement is stopping the propagation
present in an ordered β-sheet form, which theoretically can be continued unlimitedly.

The introduced mutations showed the highest efficiency of the V84D (4OJG) case, where the
stability of the hydrophobic core turns out to be the highest. The interface consists of edge sections
creating a joint continuation of the β-sheet, however limited to dimer. The freedom of amyloid
transformation in the case of AclDM (1URR) in the presence of TFE is rather due to the effect of this
factor on water structuring.
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