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The presented analysis focuses on a selection of polypeptides all of which
are fragments of Ab(1e42). Their structure is determined in conditions
which approximate the natural environment, using NMR techniques.
Further analysis focuses on the distribution of hydrophobicity in native pro-
teins, calculated using the fuzzy oil drop model [12]. The hydrophobicity
profiles of various non-amyloid forms of Ab(1e42) are compared with their
amyloid counterparts [13]. The goal of this process is to identify common
factors which may explain the underlying mechanism behind radical struc-
tural changes associated with amyloid transformation.

Structures discussed in this chapter differ significantly from the amyloid
forms of Ab(1e42). We consider proteins which do not produce long fibrils.
These structures tend to contain helical folds which are not present in am-
yloids; additionally, their conformations reveal significant involvement of
random coil fragments. Particular attention is devoted to fragments sus-
pected of acting as amyloid seeds. In all subsequent descriptions the residue
numbering pattern is consistent with Ab(1e42).

Table 9.A.1 lists proteins subjected to analysis. All of these structures un-
derwent NMR imaging in a membrane-mimicking environment (mostly
SDS micelles) (SDS - Sodium dodecyl sulfate). The table includes proteins
derived from Homo sapiens and Rattus norvegicus, as well as several synthetic
constructs. Table 9.A.1 also lists conditions for structures which require
external factors to ensure stabilization including DMSO (dimethyl
sulfoxide).

When heated in the presence of SDS proteins unfold and, together with
SDS molecules, reassemble into a spiral rod covered by SDS molecules (12
carbons and a sulfo group).

While DMSO denatures proteins, it does not directly act upon their
structure e instead, the solvent acts upon water, binding its molecules in
an exothermic process. Urea is a denaturing factor. When purged (via
dialysis), the dissolved protein reverts to its native form. Ammonium sulfate
promotes crystallization of proteins.

Structural characteristics of Ab(1e42) fragments in
complex with selected compounds

All proteins which comprise the study set represent non-amyloid
forms of the Ab(1e42) polypeptide, and all of them include helical frag-
ments. This is schematically depicted in Fig. 9.A.1.
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Table 9.A.1 List of proteins subjected to analysis in this chapter, along with their relation to the Ab(1e42) sequence. The table also lists
experimental conditions which enable stabilization of non-aggregating forms (including references).* e circular micelle formed on the
surface of a drop of detergent.
PDB ID FR. Helix External factors Source Ref.

1AMB 1e28 1e28 Membrane-like Homo sapiens [14]
1AMC 1e28 1e28 Membrane-like Homo sapiens [14]
1AML 1e40 14e24, 33e35 Trifluoromethanol Homo sapiens [15]
1BA4 1e40 15e36 SDS Homo sapiens [16]
1BA6 1e40 16e26 SDS Homo sapiens [17]
1BJB 1e28 15e25 SDS Mutation K16E Homo sapiens [18]
1BJC 1e28 16e25 SDS Mutation K16F Homo sapiens [18]
1HZ3 10e35 Random Coil TSP trimethylsilylpropionate Synthetic [19]
1IYT 1e42 7e26, 27e40 Fluorinated alcohols Synthetic [20]
1NMJ 1e28 15e25 DMSO þ Zn(2þ) Ratus norv. [21]
1Z0Q 1e42 10e22, 28e32 Hexafluoroisopropanol Synthetic [22]
2LFM 1e40 12e18, 19e23 50mM NaCl Synthetic [23]
2LP1* 12e40 18e26, 27e42 LMPG(lyso-myristoylphosphatidylcholine) Homo sapiens [24]
2MJ1 17e34 19e24, 26e34 Glutamate e N-terminal

Arginine e C-terminal
Synthetic [25]
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As shown in Fig. 9.A.1, all analyzed proteins contain helical structures
within their 15e26 fragment. However, this fragment is not identified as
particularly susceptible to producing a helical fold (fragments which fulfill
this criterion are marked on the top of the figure, in accordance with a data-
base of chameleon sequences [26]).

Structural analysis involving a set of amyloid structures produced by
various fragments of Ab(1e42) suggests that the 16e22 fragment has a high-
ly peculiar structure and likely acts as an amyloid seed [13]. Other fragments
which undergo conformational changes in amyloids are those at 11e16 and
22e28 [13]. Accordingly, our analysis will focus on these fragments.

Regarding the 16e22 fragment, it exhibits a helical conformation in all
structures presented in this chapter, but does not retain this property in any
amyloid form of Ab(1e42) as it is shown in Chapter 10.A.

In order to simplify interpretation of the presented results we provide
plots 9 Fig.9.A.2.) describing the distribution of hydrophobicity in three
representative amyloids Ab(15e40) (2MPZ [27], Ab(1e40) (2MVX) [28]
and Ab(15e40) (2MXU) [29]. In all cases, the theoretical distribution
(T) predicts two maxima separated by a hydrophilic linker. Comparing T
and O reveals discordance in the area of residues 11e18 and 21e28; we
will therefore attempt to determine why these fragments deviate from a

Fig. 9.A.1 Comparison of helical folds (diamonds) in the presented proteins. Blue frame
highlights fragment 15e26 of Ab(1e42) in each structure. Thick lines on top reveal the
positions of tetrapeptides which (as suggested by analysis of chameleon sequences)
are particularly prone to producing helical folds.
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Fig. 9.A.3 Comparison of helical folds (diamonds) in the presented proteins. Blue frame
highlights fragment 15e26 of Ab(1e42) in each structure. Red frames highlight frag-
ments 11e16 and 21e28 where O diverges from T in amyloid structures. Thick lines
on top reveal the positions of tetrapeptides which (as suggested by analysis of chame-
leon sequences) are particularly prone to producing helical folds.

Fig. 9.A.2 Hydrophobicity distribution profiles for Ab(15e40) e blue (2MPZ), Ab(1e40)
e red (2MVX) and Ab(1e40)e green (2MXU) amyloids. Red background highlights two
fragments (11e18 and 21e28) which exhibit discrepancies between hydrophobicity
distributions. (A) theoretical distribution (T), (B) observed distribution (O).
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distribution which would otherwise ensure solubility and prevent formation
of amyloid fibrils.

Fig. 9.A.3 reveals strong recurrence of helical folds (blue frame in
Fig. 9.A.1). It turns out that amyloid seeds are located in closeness, proximity
to such folds.

Assessment of the hydrophobic core structure in non-
amyloid forms of Ab(1e42)

Table 9.A.2 presents the outcome of our analysis, listing RD values
(T-O-R and T-O-H variants) along with a summary of correlation coeffi-
cients corresponding to the presented fragments.

Two presented structures, 1HZ3 and 2LP1, are characterized as accor-
dant with the theoretical distribution of hydrophobicity. This shows that
fragments of the Ab(1e42) polypeptide are indeed capable of producing

Table 9.A.2 Fuzzy oil drop parameters for the presented proteins. Values listed in
boldface indicate structures which conform to the theoretical distribution of
hydrophobicity. * e total chain length is 46 aa, including the 12e40 fragment of
Ab(1e42) at positions 1e29. The rightmost column lists residues for which HvT and
TvO coefficients adopt negative values while the corresponding HvO coefficient
remains high.

PDB ID Chain

RD

NegativeT-O-R T-O-H

1AMB 1e28 0.637 0.392 13e14
1AMC 1e28 0.597 0.372 4, 22
1AML 1e40 0.608 0.519 7e12, 22
1BA4 1e40 0.709 0.580 12, 23
1BA6 1e40 0.661 0.394
1BJB 1e28 0.618 0.457 7e15
1BJC 1e28 0.610 0.540 8e10
1HZ3 10e35 0.446 0.312 13e19
1IYT 1e42 0.686 0.548 12e16, 26
1NMJ 1e28 0.576 0.399 9, 10, 20e22
1Z0Q 1e42 0.740 0.663 6e11, 18e29
2LFM 1e40 0.615 0.591 12e16, 18e23
2LP1 12e40* 0.332 0.309 2e5, 7e11
2MJ1 17e34 0.581 0.373 2e7
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globular forms, with prominent concentrations of hydrophobicity at their
cores, and solubility mediated by exposure of hydrophilic residues.

As already mentioned and further discussed in Ref. [13], the fragments at
11e16, 16e22 and 22e28 exhibit peculiar characteristics e different from
what would be expected in a globular protein. Consequently, these frag-
ments will be subjected to more detailed analysis.

Analysis of the 11e16 fragment
Regarding the fragment at 11e16, in its amyloid form the expected single
peak of hydrophobicity (consistent with a globular structure) is replaced by
two distinct peaks (Fig. 9.A.2). The Lys residue at position 16 causes strong
reduction of hydrophobicity at the center of the expected hydrophobic
core, giving rise to a peculiar hydrophobic “band”, flanked by Glu11 and
Lys16 (both of which are hydrophilic). Note that in an amyloid structure
identical fragments tend to cluster together, which means that their local dis-
tributions of hydrophobicity propagate along the axis of the fibril. The status
of the corresponding fragment in non-amyloid forms of Ab(1e42) is illus-
trated in Table 9.A.3 and Fig. 9.A.4, the latter of which provides a visual rep-
resentation of RD (both T-O-H and T-O-Re Fig. 9.A.4A) as well as FOD

Table 9.A.3 Fuzzy oil drop parameters for the 11e16 fragment of Ab(1e42) in
presented proteins. Values listed in boldface are consistent with an amyloid
structure, while underlined values remain accordant with the Gaussian distribution
of hydrophobicity.
PDB ID RD Correlation coefficient

11e16 T-O-R T-O-H HvT TvO HvO

1AMB 0.413 0.079 0.527 0.506 0.925
1A.MC 0.418 0.057 0.659 0.502 0.941

1AML 0.846 0.210 L0.250 L0.260 0.856
1BA4 0.748 0.186 L0.739 L0.388 0.650
1BA6 0.870 0.150 L0.547 L0.517 0.711
1BJB 0.788 0.342 L0.823 L0.317 0.702
1BJC 0.693 0.590 L0.157 0.099 0.784
1HZ3 0.318 0.202 0.752 0.830 0.855
1IYT 0.498 0.073 �0.116 0.346 0.714
1NMJ 0.310 0.030 0.512 0.763 0.613
1Z0Q 0.608 0.127 L0.141 0.319 0.550
2LFM 0.750 0.344 L0.501 L0.271 0.717
2LP1 0.771 0.218 L0.950 L0.179 0.148
2MJ1 0.531 0.310 L0.168 0.172 0.172
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correlation coefficients (Fig. 9.4.B) in each analyzed structure. In this
context, we identify structures 1BA4, 1BA6 and 1BJB as particularly
amyloid-like.

Analysis of the 16e22 fragment
This fragment of Ab(1e42), when found in amyloid structures, exhibits a
local peak of hydrophobicity corresponding to the second component of
a monocentric hydrophobic core (expected in a globular protein). This local
maximum, flanked by Lys16 on one side, and by Glu 22 and Asp 23 on the
other, peaks at Phe19 and Phe20.

Table 9.A.4 presents the status of the 16e22 fragment in non-amyloid
forms of Ab(1e42), revealing structures which approach amyloid-like con-
ditions. A graphical presentation is also provided in Fig. 9.A.3, showing
values of RD (T-O-H and T-O-R e Fig. 9.A.3A) as well as FOD correla-
tion coefficients (Fig. 9.A.3B).

Analysis of results presented in Table 9.A.4 and Fig. 9.A.5 singles out
1HZ3, 2LFM and 2LP1 as amyloid-like. However, in all presented proteins
the 16e22 fragment remains helical. We may speculate that the specific dis-
tribution of hydrophobicity encoded by this fragment approximates

Fig. 9.A.4 FOD parameters calculated for the 11e16 fragment of Ab(1e42) in pre-
sented proteins. (A) RD: T-O-R e blue, T-O-H e green. (B) correlation coefficients: HvT
e red, TvO e green, HvO e blue.
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Fig. 9.A.5 FOD parameters calculated for the 16e22 fragment of Ab(1e42) in pre-
sented proteins. (A) RD: T-O-R e blue, T-O-H e green. (B) correlation coefficients: HvT
e red, TvO e green, HvO e blue.

Table 9.A.4 Fuzzy oil drop parameters for the 16e22 fragment of Ab(1e42) in
presented proteins. Values listed in boldface are consistent with an amyloid
structure, while underlined values remain accordant with the Gaussian distribution
of hydrophobicity.
PDB ID RD Correlation coefficient

16e22 T-O-R T-O-H HvT TvO HvO

1AMB 0.567 0.187 L0.079 0.038 0.584
1AMC 0.514 0.168 0.011 0.247 0.567
1AML 0.304 0.071 0.426 0.787 0.682
1BA4 0.538 0.204 0.032 0.087 -0.834
1BA6 0.631 0.185 0.065 �0.074 0.606
1BJB 0.625 0.366 0.164 �0.099 0.485
1BJC 0.630 0.328 L0.403 0.356 0.258
1HZ3 0.666 0.272 L0.972 L0.547 0.637
1IYT 0.546 0.055 0.138 0.381 0.645
1NMJ 0.425 0.157 0.460 0.589 0.711
1Z0Q 0.581 0.374 L0.139 0.127 0.919
2LFM 0.662 0.460 L0.598 L0.447 0.934
2LP1 0.711 0.201 L0.411 L0.170 0.923

Complexes Ab(1e42) polypeptide with non-protein molecules 145



conditions encountered in an amyloid fibril where no helical folds appear.
Proteins listed in boldface in Table 9.A.4 are somewhat amyloid-like due
to their high values of RD and disproportionate correlation coefficients,
revealing strong involvement of intrinsic hydrophobicity. This is in contrast
to proteins underlined in Table 9.A.4, whose parameters suggest micelle-
like distribution.

Analysis of the 22e28 fragment
In amyloid structures this fragment contributes an additional local hydro-
phobicity maximum, which is particularly interesting given its location (in
an area where the theoretical distribution expects hydrophobicity to remain
low).

Table 9.A.5 illustrates the status of this fragment in native forms of
Ab(1e42), listing both RD values (T-O-R and T-O-H) along with all
three correlation coefficients e HvT, TvO and HvO.

The corresponding visual depiction is provided in Fig. 9.A.6, which
shows RD and correlation coefficients for each input structure. Notably,
all examples listed in boldface in Table 9.A.5 exhibit amyloid-like condi-
tions: high values of RD and diverging correlation coefficients, significantly
biased toward HvO.

Table 9.A.5 Fuzzy oil drop parameters for the 22e28 fragment of Ab(1e42) in
presented proteins. Values listed in boldface are consistent with an amyloid
structure, while underlined values remain accordant with the Gaussian distribution
of hydrophobicity.
PDB ID RD Correlation coefficient

22e28 T-O-R T-O-H HvT TvO HvO

1AMB 0.478 0.369 0.172 0.172 0.964
1AMC 0.413 0.363 0.346 0.456 0.977
1AML 0.568 0.309 L0.281 0.018 0.944
1BA4 0.439 0.130 0.369 0.419 0.988
1BA6 0.747 0.242 L0.608 L0.435 0.937
1BJB 0.468 0.489 0.110 0.279 0.944
1BJC 0.668 0.588 L0.702 L0.419 0.862
1HZ3 0.604 0.193 L0.468 L0.359 0.883
1IYT 0.394 0.126 0.527 L0.617 0.945
1NMJ 0.524 0.485 L0.024 0.295 0.913
1Z0Q 0.642 0.202 L0.486 L0.534 0.990
2LFM 0.553 0.426 L0.130 0.143 0.920
2LP1 0.649 0.534 L0.131 L0.087 0.905
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Unusual structure observed in 1HZ3 e 10-35 fragment of
Ab(1e42) forming a random coil, together with an external
factor (trimethylsilylpropionate; TSP)
The structure of 1HZ3 is particularly notable. This synthetic protein, created
using a solid-phase method devised by Merrfield [30], exhibits a distribution
of hydrophobicity which strongly corresponds to the theoretical (monocen-
tric) Gaussian. The entirety of the chain is characterized as a random coil and

Fig. 9.A.7 Theoretical (T, blue) and observed (O, red) hydrophobicity distribution pro-
files for 1HZ3. Colored backgrounds correspond to fragments discussed in this chapter
(blue e 11e16 and 16e22, red e 22e28). Dual labels on the horizontal axis list PDB
residue numbers (first value) and positions relative to Ab(1e42) (second value).

Fig. 9.A.6 FOD parameters calculated for the 22e28 fragment of Ab(1e42) in pre-
sented proteins. (A) RD: T-O-R e blue, T-O-H e green. (B) correlation coefficients: HvT
e red, TvO e green, HvO e blue.
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packed into a globular structure which differs greatly from other members of
the study set (all of which contain helical folds and are at least somewhat
elongated). Fig. 9.A.7 provides a comparative overview of theoretical and
observed distributions for this protein.

The fragments at 11e16 and 16e22 are both strongly accordant (which
is also evident in Tables 9.A.2 and 9.A.3). The theoretical distribution pre-
dicts local peaks within each fragment, and such peaks are indeed observed
in 1HZ3. On the other hand, despite the overall good alignment between T
and O, the fragment at 22e28 reveals discordance which is characteristic of
an amyloid seed, with negative values of HvT and TvO, and strongly pos-
itive values of HvO. In this fragment, the expected local minimum gives
way to yet another local maximum. As a result, the entire structure e seem-
ingly very distant from an amyloid (given its low values of RD) e is never-
theless susceptible to amyloid transformation.

Figs. 9.A.7 and 9.A.8 illustrate the location of the discordant fragment
(red), with an exposed Val15 (in PDB sequence)/Val24 (in Ab(1e42) am-
yloid) residue flanked by polar residues and locked in a very disadvantageous
location (from the point of view of hydrophobicity distribution), producing
an unexpected local peak.

Common characteristics of all discussed proteins
A characteristic property shared by almost all presented proteins is the pres-
ence of a local maximum corresponding to the 22e28 fragment (numbering
is relative to Ab(1e42), along with notable local maxima at 11e16 and
16e22 (Fig. 9.A.9). The chart reveals two outliers: 1AMC and 1AMB,

Fig. 9.A.8 3D presentation of 1HZE. Accordant fragments 11e16 and 16e22 are
marked in blue while discordant fragment 22e28 is shown in red. Position of Val15
(Val24 in Ab(1e42) amyloid) causing unexpected local hydrophobicity maximum in
the 22e28 fragment is highlighted with space-filling display style.
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where no local maximum can be observed at 22e28, while a single local
maximum (instead of two) dominates the 11e22 fragment.

Given that the presented distributions characterize structures which differ
in terms of tertiary conformations and chain lengths, their similarity should
be regarded as notable.

The only two proteins which clearly deviate from the common pattern
are 1AMB and 1AMC. This is due to their characteristic structuree both are
helices, as illustrated in Fig. 9.A.10.

Fig. 9.A.9 Observed hydrophobicity distribution profiles for presented proteins. Red
background highlights three fragments which are particularly useful in the context
of Ab(1e42) amyloid structure analysis (11e16, 16e22, 22e28).

Fig. 9.A.10 3D presentation of 1AMB (and likewise 1AMC) e an entirely helical
structure.

Fig. 9.A.11 Theoretical (T, blue) and observed (O, red) hydrophobicity distribution pro-
files for 1IYT, revealing local accordance between T and O in the 22e28 fragment.
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1IYT provides an example of a protein where a local maximum can be
observed at 22e28. In this exceptional case the selected fragment (which is
believed to act as an amyloid seed on the basis of other examples provided in
this chapter) conforms to the theoretical distribution of hydrophobicity
(Fig. 9.A.11). An explanation may be suggested by studying the correspond-
ing 3D structure (Fig. 9.A.12).

The amphipathic nature of the helix is revealed in the 11e26 fragment
where a local maximum is adjacent to a local minimum (Fig. 9.A.11).
Fig. 9.A.12 highlights the location of the 22e28 fragment in the protein

Fig. 9.A.12 3D presentation of 1IYT with 22e28 fragment marked in blue. While discor-
dant fragment 22e28 is shown in red. Position of Val24 in the 22e28 fragment is high-
lighted with space-filling display style.

Fig. 9.A.13 Comparison of helical folds (diamonds) in the presented proteins. Blue
frame highlights fragment 15e26 of Ab(1e42) in each structure. Red frames e discor-
dant fragments regarded as potential amyloid transformation seeds. Thick lines on top
reveal the positions of tetrapeptides which (as suggested by analysis of chameleon se-
quences) are particularly prone to producing helical folds.
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structure, which conforms to the theoretical distribution. The Val24 residue,
facing the center of the encapsulating ellipsoid (3D Gaussian) is likewise
accordant.

Comprehensive analysis
Fig. 9.A.13 and Table 9.A.6 describe the status of all three fragments
(11e16, 16e22 and 22e28) in each of the analyzed proteins. This analysis
shows the predisposition of certain short sequences to adopt structural forms
observed in amyloids as well as in complex with external compounds.

Conclusions and discussion

In summary, it should be noted that the helical fragments found in the
analyzed proteins do not undergo changes in terms of their contribution to
the hydrophobic core structure (or lack thereof). In some sequences highly
hydrophobic residues (Val12, Val18, Val24) are directly adjacent to polar
residues (Gly11, Lys16, Glu22 and Lys28), resulting in a distribution of local
maxima which does not conform to the theoretical Gaussian. Such drastic
changes in hydrophobicity as between Lys/Glu and Val do not permit the
chain to properly align itself with the Gaussian gradient. In theory, a hairpin
structure with polar residues comprising the bend and hydrophobic residues
making up either end should be oriented in such a way as to expose hydro-
philicity on the surface while internalizing the hydrophobic terminal sec-
tions. In practice, however the Ab(1e42) polypeptide is too short to

Table 9.A.6 Status of each analyzed fragment in presented proteins. X
indicates conditions similar to those which are encountered in amyloids.
The rightmost column lists the presence of external substances/entities.

PDB ID

Fragments

External entity11e16 16e22 22e28

1AML X Membrane
1BA4 X SDS
1BA6 X X SDS
1BJB X SDS
1BJC X X SDS
1HZ3 X X TSP
1Z0Q X SDS
2LP1 X X SDS
2LFM X X 50mMNaCl
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generate a proper globular structuree such structures (i.e. in the case of type
III antifreeze proteins) are more commonly identified for chains longer than
50 aa.

It is also interesting to note the structural patterns observed in 1BA4 and
1BA6. In both cases, at least two distinct fragments exhibit strongly amyloid-
like properties. Similar amyloid seeds can be identified i.e. in 1BJB (11e16),
2LFM and 2LP1 (16e22) as well as 1BJC and 1Z0Q (22e28) by comparing
them with amyloid forms of the Ab(1e42) polypeptide.

Common phenomena observed in the presented structures include split-
ting the single local maximum into two less distinct maxima, along with the
presence of an unexpected maximum roughly corresponding to the 22e28
fragment (even in 1HZ3, which otherwise shows excellent agreement be-
tween T and O).

Analysis of amyloid structures indicates the presence of local maxima in
the 11e16, 16e22 and 22e28 fragments [13]. The cited work notes that
such maxima are e in most cases e independent of the molecule’s tertiary
conformation, chain length or participation of helical folds. In some cases
they approximate the theoretical distribution, resulting in a globular structure
which is unable to form complexes under experimental conditions (i.e. in the
presence of the SDS membrane-mimicking molecule). Nevertheless, when
the environment promotes close contact between fragments which expose
individual local maxima, this may be enough to kick-start the formation of
a macromolecule consisting of many separate chains. Notably, all three local
maxima discussed in this chapter are found in all amyloids listed in PDB,
regardless of their chain length and secondary structural characteristics.

The goal of the above-mentioned work was to determine the presence
of specific distributions of hydrophobicity in monomeric units which pro-
duce differing secondary folds. It turns out that the peculiar conditions found
in amyloids are also replicated by monomeric proteins consistent with the
Ab(1e42) sequence.

It appears that e at least in some cases e preventing undesirable aggre-
gation of monomers calls for external structures which act as chaperones, and
that eliminating such structures usually results in the emergence of an amy-
loid. The list of external factors summarized in Ref. [16] clearly points to the
critical role of the external environment in determining the final conforma-
tion of Ab(1e42) fragments. This point is further addressed in Chapter 10.
The fuzzy oil drop model enables us to provide a quantitative assessment of
the impact of the native aqueous environment, i.e. the environment found
in a properly functioning organism. This is done by reconciling the internal
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force field (represented by nonbinding interactions between atoms which
make up the residue chain) and the external force field (contributed by
the aqueous solvent, which promotes the formation of a centralized hydro-
phobic core). The identified need for various chaperones proves that
Ab(1e42) is not autonomous. In addition, the structure of an amyloid is
found to oppose the influence the aqueous environment since instead of a
central core we are faced with a linear pattern of fibrillar structures, based
on the intrinsic hydrophobicity of the participating residues.

In light of the above, the presence of additional external compounds,
such as SDS, DMSO, or others (see Tables 9.A.1 and 9.A.6) should be
regarded as critical. These compounds either directly affect the structure
of the protein or act by altering the properties of the solvent, which has
an indirect effect on the conformation of the polypeptide. As already noted,
the structure of the environment may, in some cases, lead to amyloid aggre-
gation. On the other hand, some proteins require a non-aqueous environ-
ment to properly perform their function. Such proteins tend to misfold
when placed in pure water, which e to them e represents an “alien”
environment.

The presented group of proteins is classified as requiring a permanent
chaperone. We can assume that the presence of a chaperone is needed to
prevent conformational changes which would otherwise result in a mis-
folded protein. Here, instead of applying the traditional definition of a chap-
erone, we instead introduce the concept of “permanent chaperones”,
indicating that the aqueous solvent does not always represent the ideal envi-
ronment for a folding chain. A separate question is why certain polypeptides,
when separated from their respective permanent chaperones, evade natural
degradation mechanisms and instead produce amyloid clusters. This phe-
nomenon may be explained as an effect of improper (unexpected) structural
properties of the surrounding environment.

In conclusion, it should be underscored that certain protein structures are
only stable in the presence of environmental factors which may be referred
to as permanent chaperones. When the chaperone disappears, the dependent
polypeptide yields to its innate tendency to adopt a conformation deter-
mined by intrinsic hydrophobicity, without regard for the structural influ-
ence of the solvent [31]. It also appears that such effects are promoted by
drastic changes in hydrophobicity over short fragments of the polypeptide
chain (in particular, direct adjacency of strongly hydrophobic and strongly
hydrophilic residues), which prevent the chain from aligning itself with
the Gaussian hydrophobicity gradient. This phenomenon also seems more
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evident in short peptides, which are unable to produce a proper globular fold
due to insufficient chain length.

References
[1] Prusiner SB, Bolton DC, Groth DF, Bowman KA, Cochran SP, McKinley MP.

Further purification and characterization of scrapie prions. Biochemistry 1982;
21(26):6942e50. https://doi.org/10.1021/bi00269a050.

[2] Prusiner SB. Prions. Scientific American 1984;251(4):50e9. https://doi.org/10.1038/
scientificamerican1084-50.

[3] Anfinsen CB. Principles that govern the folding of protein chains. Science 1973;
181(4096):223e30. https://doi.org/10.1126/science.181.4096.223.

[4] Tycko R. Physical and structural basis for polymorphism in amyloid fibrils. Protein Sci-
ence 2014;23(11):1528e39. https://doi.org/10.1002/pro.2544.

[5] Eisenberg D, Jucker M. The amyloid state of proteins in human diseases. Cell 2012;
148(6):1188e203. https://doi.org/10.1016/j.cell.2012.02.022.

[6] Ross CA, Poirier MA. Protein aggregation and neurodegenerative disease. Nature
Medicine 2004;10(7):S10e7. https://doi.org/10.1038/nm1066.

[7] Tycko R. Solid-State NMR studies of amyloid fibril structure. Annual Review of
Physical Chemistry 2011;62(1):279e99. https://doi.org/10.1146/annurev-
physchem-032210-103539.

[8] Richard T, Papastamoulis Y, Waffo-Teguo P, Monti J-P. 3D NMR structure of a
complex between the amyloid beta peptide (1e40) and the polyphenol ε-viniferin
glucoside: implications in Alzheimer’s disease. Biochimica et Biophysica Acta (BBA)
e General Subjects 2013;1830(11):5068e74. https://doi.org/10.1016/
j.bbagen.2013.06.031.

[9] Kreutzer AG, Hamza IL, Spencer RK, Nowick JS. X-ray crystallographic structures of
a trimer, dodecamer, and annular pore formed by an Ab17e36 b-hairpin. Journal of
the American Chemical Society 2016;138(13):4634e42. https://doi.org/10.1021/
jacs.6b01332.

[10] Barrett PJ, Song Y, Van Horn WD, Hustedt EJ, Schafer JM, Hadziselimovic A,
Sanders CR. The amyloid precursor protein has a flexible transmembrane domain
and binds cholesterol. Science 2012;336(6085):1168e71. https://doi.org/10.1126/
science.1219988.

[11] Hoyer W, Gr€onwall C, Jonsson A, Ståhl S, H€ard T. Stabilization of a b-hairpin in
monomeric Alzheimer’s amyloid-b peptide inhibits amyloid formation. Proceedings
of the National Academy of Sciences 2008;105(13):5099e104. https://doi.org/
10.1073/pnas.0711731105.

[12] Kalinowska B, Banach M, Konieczny L, Roterman I. Application of divergence en-
tropy to characterize the structure of the hydrophobic core in DNA interacting
proteins. Entropy 2015;17(3):1477e507. https://doi.org/10.3390/e17031477.

[13] Du1ak D, Banach M, Gadza1a M, Konieczny L, Roterman I. Structural analysis of the
Ab(15e40) amyloid fibril based on hydrophobicity distribution. Acta Biochimica
Polonica 2018. https://doi.org/10.18388/abp.2018_2647.

[14] Talafous J, Marcinowski KJ, Klopman G, Zagorski MG. Solution structure of residues
1e28 of the amyloid beta-peptide. Biochemistry 1994;33(25):7788e96. https://
doi.org/10.1021/bi00191a006.

[15] Sticht H, Bayer P, Willbold D, Dames S, Hilbich C, Beyreuther K, Rosch P. Structure
of amyloid A4-(1e40)-peptide of alzheimer’s disease. European Journal of Biochem-
istry 1995;233(1):293e8. https://doi.org/10.1111/j.1432-1033.1995.293_1.x.

[16] Coles M, Bicknell W, Watson AA, Fairlie DP, Craik DJ. Solution structure of amyloid
b-peptide(1�40) in a Water�Micelle environment. Is the membrane-spanning

154 Mateusz Banach and Irena Roterman

https://doi.org/10.1021/bi00269a050
https://doi.org/10.1038/scientificamerican1084-50
https://doi.org/10.1038/scientificamerican1084-50
https://doi.org/10.1126/science.181.4096.223
https://doi.org/10.1002/pro.2544
https://doi.org/10.1016/j.cell.2012.02.022
https://doi.org/10.1038/nm1066
https://doi.org/10.1146/annurev-physchem-032210-103539
https://doi.org/10.1146/annurev-physchem-032210-103539
https://doi.org/10.1016/j.bbagen.2013.06.031
https://doi.org/10.1016/j.bbagen.2013.06.031
https://doi.org/10.1021/jacs.6b01332
https://doi.org/10.1021/jacs.6b01332
https://doi.org/10.1126/science.1219988
https://doi.org/10.1126/science.1219988
https://doi.org/10.1073/pnas.0711731105
https://doi.org/10.1073/pnas.0711731105
https://doi.org/10.3390/e17031477
https://doi.org/10.18388/abp.2018_2647
https://doi.org/10.1021/bi00191a006
https://doi.org/10.1021/bi00191a006
https://doi.org/10.1111/j.1432-1033.1995.293_1.x


domain where we think it is? Biochemistry 1998;37(31):11064e77. https://doi.org/
10.1021/bi972979f.

[17] Watson AA, Fairlie DP, Craik DJ. Solution structure of methionine-oxidized amyloid
b-peptide (1�40). Does oxidation affect conformational switching? Biochemistry
1998;37(37):12700e6. https://doi.org/10.1021/bi9810757.

[18] Poulsen S-A, Watson AA, Fairlie DP, Craik DJ. Solution structures in aqueous SDS
micelles of two amyloid b peptides of ab(1e28) mutated at the a-secretase cleavage
site (K16E, K16F). Journal of Structural Biology 2000;130(2e3):142e52. https://
doi.org/10.1006/jsbi.2000.4267.

[19] Zhang S, Iwata K, Lachenmann MJ, Peng JW, Li S, Stimson ER, Lee JP. The alz-
heimer’s peptide ab adopts a collapsed coil structure in water. Journal of Structural
Biology 2000;130(2e3):130e41. https://doi.org/10.1006/jsbi.2000.4288.

[20] Crescenzi O, Tomaselli S, Guerrini R, Salvadori S, D’Ursi AM, Temussi PA,
Picone D. Solution structure of the Alzheimer amyloid b-peptide (1e42) in an apolar
microenvironment. European Journal of Biochemistry 2002;269(22):5642e8. https://
doi.org/10.1046/j.1432-1033.2002.03271.x.

[21] Huang J, Yao Y, Lin J, Ye Y-H, Sun W-Y, Tang W-X. The solution structure of rat
Ab-(1e28) and its interaction with zinc ion: insights into the scarcity of amyloid depo-
sition in aged rat brain. JBIC Journal of Biological Inorganic Chemistry 2004;9(5):
627e35. https://doi.org/10.1007/s00775-004-0556-x.

[22] Tomaselli S, Esposito V, Vangone P, van Nuland NAJ, Bonvin AMJJ, Guerrini R,
Picone D. The a-to-b conformational transition of alzheimer’s ab-(1-42) peptide in
aqueous media is reversible: a step by step conformational analysis suggests the location
of b conformation seeding. ChemBioChem 2006;7(2):257e67. https://doi.org/
10.1002/cbic.200500223.

[23] Vivekanandan S, Brender JR, Lee SY, Ramamoorthy A. A partially folded structure of
amyloid-beta(1e40) in an aqueous environment. Biochemical and Biophysical
Research Communications 2011;411(2):312e6. https://doi.org/10.1016/
j.bbrc.2011.06.133.

[24] Barrett PJ, Song Y, Van Horn WD, Hustedt EJ, Schafer JM, Hadziselimovic A,
Sanders CR. The amyloid precursor protein has a flexible transmembrane domain
and binds cholesterol. Science 2012;336(6085):1168e71. https://doi.org/10.1126/
science.1219988.

[25] Fonar G, Samson AO. NMR structure of the water soluble Ab17e34peptide. Biosci-
ence Reports 2014;34(6):759e64. https://doi.org/10.1042/bsr20140094.

[26] Ghozlane A, Joseph AP, Bornot A, de Brevern AG. Analysis of protein chameleon
sequence characteristics. Bioinformation 2009;3(9):367e9. https://doi.org/10.6026/
97320630003367.

[27] Sgourakis NG, Yau WM, Qiang W. Modeling an in-register, parallel "Iowa" ab fibril
structure using solid-state NMR data from labeled samples with rosetta. Structure
2015;23(1):216e27. https://doi.org/10.1016/j.str.2014.10.022.

[28] Sch€utz AK, Vagt T, Huber M, Ovchinnikova OY, Cadalbert R, Wall J, G€untert P,
B€ockmann A, Glockshuber R, Meier BH. Atomic-resolution three-dimensional struc-
ture of amyloid b fibrils bearing the Osaka mutation. Angewandte Chemie Interna-
tional Edition in English 2015;54(1):331e5. https://doi.org/10.1002/
anie.201408598.

[29] Xiao Y, Ma B, McElheny D, Parthasarathy S, Long F, Hoshi M, Nussinov R, Ishii Y.
Ab(1e42) fibril structure illuminates self-recognition and replication of amyloid in
Alzheimer’s disease. Nature Structural and Molecular Biology 2015;22(6):499e505.
https://doi.org/10.1038/nsmb.2991.

Complexes Ab(1e42) polypeptide with non-protein molecules 155

https://doi.org/10.1021/bi972979f
https://doi.org/10.1021/bi972979f
https://doi.org/10.1021/bi9810757
https://doi.org/10.1006/jsbi.2000.4267
https://doi.org/10.1006/jsbi.2000.4267
https://doi.org/10.1006/jsbi.2000.4288
https://doi.org/10.1046/j.1432-1033.2002.03271.x
https://doi.org/10.1046/j.1432-1033.2002.03271.x
https://doi.org/10.1007/s00775-004-0556-x
https://doi.org/10.1002/cbic.200500223
https://doi.org/10.1002/cbic.200500223
https://doi.org/10.1016/j.bbrc.2011.06.133
https://doi.org/10.1016/j.bbrc.2011.06.133
https://doi.org/10.1126/science.1219988
https://doi.org/10.1126/science.1219988
https://doi.org/10.1042/bsr20140094
https://doi.org/10.6026/97320630003367
https://doi.org/10.6026/97320630003367
https://doi.org/10.1016/j.str.2014.10.022
https://doi.org/10.1002/anie.201408598
https://doi.org/10.1002/anie.201408598
https://doi.org/10.1038/nsmb.2991


[30] Merrifield RB. Automated synthesis of peptides. Science 1965;150(3693):178e85.
https://doi.org/10.1126/science.150.3693.178.

[31] Roterman I, Banach M, Konieczny L. Application of the fuzzy oil drop model de-
scribes amyloid as a ribbonlike micelle. Entropy 2017;19(4):167. https://doi.org/
10.3390/e19040167.

156 Mateusz Banach and Irena Roterman

https://doi.org/10.1126/science.150.3693.178
https://doi.org/10.3390/e19040167
https://doi.org/10.3390/e19040167

	9.A . Complexes Aβ(1–42) polypeptide with non-protein molecules
	Structural characteristics of Aβ(1–42) fragments in complex with selected compounds
	Assessment of the hydrophobic core structure in non-amyloid forms of Aβ(1–42)
	Analysis of the 11–16 fragment
	Analysis of the 16–22 fragment
	Analysis of the 22–28 fragment
	Unusual structure observed in 1HZ3 – 10-35 fragment of Aβ(1–42) forming a random coil, together with an external factor (tr ...
	Common characteristics of all discussed proteins
	Comprehensive analysis

	Conclusions and discussion
	References


