





Figure 3.12 P(r) analysis of scattering data on the early NtQz2P10 and Nt42P10
intermediates.

A. P(r) functions of NtQ22P10 8-mer, present within first 13 hours of reaction,
indicating the shape and maximum dimensions of the observed particle. B.
Structural evolution of NtQ42P10 aggregates represented by their P(r) graphs for

25.5 min (), 40.5 min (——), 55.5 min () and 70.5 min (—). The structure
obtained for aggregates observed at 70.5 min shows the presence (association) of
two different species.
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Figure 3.13 3-D models of the early intermediates formed at the initial
stages of NtQ42P10 and NtQ::Pioaggregation. A. Early aggregates formed by
NtQ42P10 at 25.5 and 40.5 min show an elongated shape with dimensions of 58 and
65 A, respectively. By the time of 50.5 min, the predominant structure of
aggregates formed by pathological htt exonl peptide demonstrate a twisted
morphology, shown for amyloid protofibrils. B. The dummy atom model for the
earliest NtQ22P10 precursors consistently present during the first 13 hours of
aggregation reaction. The reconstructed structure shows anisotropy within its
shape with 86 A length of longer and 43 A length of shorter axis.
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Although our Guinier analyses were a good indicator of the size and weight
of the various early oligomers, the ab initio shape reconstruction experiments
enabled us to tune more precisely their dimensions. This said, it is important to
note that the reconstructed figures presented here do not demonstrate a unique
solution but rather highlight the most predominant conformations within a given

stage of the aggregation reaction.

NtQ2z2P10 fibrils demonstrate distinctive structural features. At 17 hrs into the
aggregation reaction, the NtQ22P10 8-mer intermediate progressively grows in
mass and size anisotropy toward a more fibrillar structure. As the longitudinal
parameter of the growing fibrils exceed the resolution limit that can be detected by
SANS, only the two-dimensional fibril cross section can be monitored. The
implication is that conventional Guinier analysis is no longer valid to treat the data,
and modified Guinier analysis has to be applied. By doing so, we obtained the
following information including the radius of gyration of cross-section, Rc, and the
mass per length, M. Figure 3.14 A shows the continuous growth of the 8-mer
toward a fibril shape with increasing values of Rc and n peptides/4.75 A - the
latter being proportional to My, with n = (My x 4.75)/ MWntq22p10. Starting at 17 hrs
with an Rc of 23.32 + 1.17 A and a number of peptides of 1.9 + 0.15 per 4.75 A, the
short fibrils pursue their size augmentation for another 29 hrs where they finally
reach a stable size and conformation (Rc = 33.24 + 1.12 A and n = 5.2 + 0.4
peptides per 4.75 A) - the dimensions of the final fibrils being of 36.25 + 0.46 A

with 5.3 + 0.4 peptides/4.75 A.
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Figure 3.14 SANS data for NtQ2z2P1o fibril growth. A. The kinetics of formation of
mature fibrils followed by growth of radius of gyration of cross-section (Rc)(left y-
axis) and the increase in the amount of peptides present in 4.75 A of the fibrils
cross-section (right y-axis.). Mature fibrils demonstrate the packing of 5.3 + 0.4
peptides/4.75 A and Rc = 36.25 + 0.46 A by the completion of aggregation reaction,
at time= 55hrs. B. The fibrillization pathway of NtQ22P10 observed in terms of the
increase in Rc as a function of Mi. The growth of NtQ22P1o fibrils follows a solid
cylinder model (solid line) and significantly diverges from the association of two-
three hollow filaments model (dotted line), proposed for NtQ42P1o.
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Once the various sizing parameters were characterized, we then
investigated the possible structural organization of the NtQ22P1o fibrils i.e. assessed
if NtQ22P10 packing followed the Perutz model with formation of a hollow cylinder
as we previously reported for the pathological Q length, NtQ42P1o.

By plotting Rc vs. M;, we found that our experimental data superimposed
perfectly with those calculated for a solid cylinder model and not for a fibrils,

consisting of hollow filaments (Figure 3.14 B) (see ref. [287] for model equations).

3.2.4 Conclusion

The importance of elucidating the aggregation pathway of Htt-exonl has
been recognized for some time, with a special emphasis toward the oligomerization
steps as the early-formed Htt-exonl species are the primary suspects for causing
neuronal cell death in HD [265, 275]. Thus, thorough structural and mechanical
knowledge of the process prior to amyloid fibrillization is critical - including
nucleus formation, as the nucleus is the fibrillization trigger. So far, little
experimental data regarding the structural changes of Htt-exon1 before nucleation
can be found in the literature.

By combining time-resolved SANS with ab initio shape reconstruction we
were able to not only follow the Htt-exon1 assembly pathway but also to obtain the
3D-shape envelope of the early-formed oligomers. Indeed, refining the shape of the
Htt-exon1 early intermediates revealed that the NtQs2P10 oligomers, including the
dimer/trimer, possess an elongated form that has been previously reported as

spherical by lower resolution techniques [226, 265]. Even our initial
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characterization of the NtQs2P10 dimer/trimer based on Rg and M obtained from
Guinier analysis of the SANS data suggested this oligomer was mostly spherical
[287]. The increased resolution from ab initio shape determination has permitted us
to better visualize the anisotropy of this oligomer and subsequent early-stage
oligomers formed. As described above, the individual ab initio structures shown in
Figure 5 may not be unique but they certainly demonstrate the most predominant
structural features that are present.

Identifying the conformation that is responsible for Htt-exon1 toxicity was
possible by comparing the aggregation properties of NtQ4:P10 and a non-
pathogenic Htt-exonl1, NtQ22P10. Clearly, the role played by the polyQ length is
quite substantial as NtQ22Pi0 and NtQ42P10 pack and assemble differently.
Diminishing the pathologic fragment by 20 glutamines results in conversion of the
final fibril internal structure from a hollow p-helix into the more commonly seen
amyloid structure type - laminated B-sheets [283]. This decrease in Q-length is
also responsible for drastically affecting the assembly pathway. The first events in
the oligomerization process of NtQ22P10 do not include the formation of a dimer as
we recently reported for the pathological length. Instead, the NtQ22P10 monomer
assembles into a long-lived 8-mer. Indeed, importantly, for the first 15 min. of the
NtQ22P10 aggregation reaction, no other species, aside from the monomer, could be
detected by SANS followed subsequently by the the sole appearance of the 8-mer
(n=8 +1). This suggests that this 8-mer is the critical nucleus required for further
aggregation of NtQ22P10. A structural characterization of the fibrillization nucleus

can be difficult as it is the thermodynamically least-favorable species at low
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concentrations. Powers and Powers have shown that it becomes
thermodynamically stable and accumulates above supercritical concentration
[238]. The nucleus is therefore no longer a thermodynamic nucleus but a
structural nucleus. Additionally, Wetzel’s team has very recently found that the
size of the critical nucleus for naked polyQ peptides is also Q-repeat length
dependent, increasing with decreasing Q-repeat length [291]. Our results seem to
indicate that we have identified and determined the dimensions of the NtQ22P10
critical nucleus by applying time-resolved SANS during the early stages of
fibrillization. However, additional experiments are needed to confirm that the

formed NtQ22P10 8-mer is the true critical nucleus.
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CHAPTER 4.

Conclusions and suggestions for the future work.

4.1 NtQz2P10 and NtQ42P10: similar peptides, but different

mechanisms of aggregation

During the process of our current investigations, very few of the observed
experimental outcomes were predictable, based on our experience of working with
polyQ peptides [224]. For example, it was anticipated that the kinetic rates of
aggregation of normal and pathological-like peptides would show a repeat-length
dependence, as observed for model sequences and disease proteins from other
polyglutamine extension diseases [96, 292]. However, the effect of the length of
polyQ region on the structural dynamics of htt exon-1 aggregation remained
unexplored until the onset of our investigation and kept us eager to conduct
detailed characterization. A great amount of surprising results were waiting for us
upon completion of our study. We found that not only are there distinctive cross-
sectional organizations of the mature fibrils but also entirely dissimilar mechanism
of aggregation as a result of differences in the length of the polyQ repeat in
pathological and normal-like htt exon-1 peptides. The obtained information
represents the first unique insight on the role of the polyglutamine length in the
mechanism of aggregation.

The initial studies on the aggregation in Huntingtin disease were

concentrated on the simple (naked) polyglutamine sequences [224, 293-295]. The
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reasoning behind this choice came from the fact that in several polyglutamine-
expansion diseases the presence of an increased number of glutamine repeats was
consistently associated with a disorder. The challenges in producing long synthetic
peptides also contributed to the decision on the model system of study. It was
found that K:2Q37K: peptide demonstrated a nucleated growth polymerization
mechanism with a critical nucleus of 1 and it was proposed that all polyQ peptides
would show the analogous behavior [284, 294].

Investigations on the nature of toxicity-causing proteins in polyglutamine
diseases have shown that the varying length of glutamine repeats correlates with
the induction of pathology, depending on the particular disorder. It was also
noticed that these proteins affected different regions of the brain and type of
tissues, implying that the amino acid sequences flanking the polyQ region might
play an important role in the aggregation and therefore toxicity in the disorders.
This suggestion raised the issue of whether studying the behavior of naked
polyglutamine peptides would have any relevance in HD pathobiology. Studies on
the polyQ peptides containing a polyproline sequence at the C-terminus
demonstrated that the presence of this region slows aggregation kinetics but does
not have any altering effect on the nucleation polymerization mechanism with the
monomeric nucleus [225]. Further experiments demonstrated that the N-terminal
17 amino acids of huntingtin placed next to the polyQ sequence radically modify
the mechanism of aggregation and increase the rate of aggregates’ formation [226].
Thakur et al performed the kinetic studies on the aggregation of NtQzoP10 peptide

and suggested that it follows the aggregation reaction that is initially non-
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nucleated, however, later, amyloid nuclei appears to form stochastically from some
early prefibrillar aggregates. Although this statement is potent in giving a rise to
multiple interpretations, the difference in the aggregation mechanisms between
the simple polyQ and htt exon-1 fragment appears clear. The research study
described in this work has provided an insight into the polymerization pathways
for the normal and pathological-like htt exon-1 peptides: while the former seems
to follow the classical nucleation, the later has a higher propensity to associate
through downhill aggregation mechanism. The initial NtQ22P10 peptide loss
observed by the reverse HPLC assay can be explained by the fragments being
incorporated into the forming nucleus and some interspecies association, as
observed by our SANS experiments. The positive ThT measurements also suggest
that the proposed nucleus might be amyloid-like, further supporting a hypothesis
on the nucleation driven mechanism for this type of peptide. On the other hand, all
performed experiments on the aggregation of NtQ42P10 agree that its behavior is
governed by the downhill polymerization. Here we show, for the first time, that
the length of polyQ region not only affects the kinetic rates of aggregation but also
may be important in the determination of the polymerization mechanism. These
findings provide some explanation for the existence of the repeat-length threshold
of 37 glutamines for the toxic htt fragment. The further question to be answered,
though, is what is the relation between the polyQ length effects on mechanism of
aggregation and repeat-length effects on the likelihood of development of
Huntington’s Disease. Recently Kar et al indicated, that in their HPLC and DLS

experiments on the simple polyQ peptides, containing 23 to 26 glutamines, all of
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the fragments followed the nucleation-dependent mechanism [291]. However, the
surprising finding was that the size of the nucleus was varying with a different
length of polyQ: while Q23 peptide aggregation proceeded through tetrameric
nucleus, Q24 formed a nucleus of 3 and the size of the nucleus got reduced to n=1
when the length of polyQ reached 26 residues [291]. This observation may not be
in contradiction to our own finding. Indeed, it is possible that for the more complex
htt exon-1 sequence, changes in the critical nucleus mediated by the length of the
polyglutamine repeat results in a change of the entire mechanism of aggregation
due to modified inter-peptide interactions from the additional N and C-terminal
residues. Clearly many further studies involving concentration dependence and
seeding experiments are necessary and planned by our laboratory to provide
additional evidence for different polymerization pathways of normal and

pathological-like peptides.

4.2 Selected methodology to study htt exonl aggregation

When one has to deal with an amyloid system, inherently demonstrating a
high degree of polymorphism, a particular consideration needs to be paid in using
the same parameters and protocols within the entire experimental procedure. The
previous structural work on various amyloid peptides and proteins has found that
although the formed aggregates show generally similar morphology, the final
products of fibrillization can be highly polymorphic: the same amyloidogenic

protein or peptide can yield multiple amyloid forms depending on the terms of
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induction [35, 280, 296]. Nekooki et al demonstrated that htt exon-1 fragments,
containing 42 and 62 glutamines misfold into significantly different conformations,
when allowed to aggregate at different temperatures[297]. They also found that
varying levels of toxicity associated with the formation of aggregates occurring at
49C and 379C. For AP aggregation, Tycko’s team showed that the predominant
morphology can be affected by even slight changes in the growth conditions, such
as presence or absence of agitation [296]. Since NtQ42P10 is prone to aggregate on
the minute scale, comparing to the hours-long aggregation for NtQz2P10, a reader
might suggest running the described time-resolved experiments at significantly
lower temperatures for pathological-like peptide. This step would allow slowing
down the reaction and potentially could provide more details on the dynamics of
the experiment. However, because of the reasons stated above, the same
purification and solubilization methods, similar concentrations of 100-150 uM, as
well as 20°C temperature and no agitation conditions were equally utilized when
studying aggregation of NtQ22P10 and NtQ42P10 peptides to ensure experimental
consistency in obtaining the presented results.

While working with peptides at the mg/mL range, as required by SANS
measurements, we were aware of a potential concern arising from utilization of
samples at high concentrations. There is still an open question if a concentration
can specify mechanisms of aggregation and structures of the formed
intermediates. Although we are comforted with the fact that our data does match
the results obtained from AFM and TEM studies performed at lower

concentrations[265, 274, 275], a detailed investigation on the structural
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consistency within the aggregation pathways occurring at different concentrations
still needs to be performed. Our preliminary results (data not presented) have
shown that we found the right experimental conditions for running time-resolved
SANS at much lower sample concentrations. Performing experiments with the
cuvettes ranging from 1 to 5 mm path-lengths would permit the study of
structures formed at different concentrations covering an order of magnitude:
from 100 down to 10 uM. Identifying the degree of variability of analogous
structures formed at different sample concentrations would further boost our
confidence in the proposed structural pathways for wild-type and toxic htt exon-1

fragments.

4.3 Future directions

4.3.1 X-ray fiber diffraction studies

The differences in the mechanism of aggregation between the two peptides
might provide the major effect on the organization of the internal structure of the
mature fibrils, as was observed by SANS. We have demonstrated that this
technique represents a powerful tool to study amyloid fibrils structure; and we
found that the pathological like-fibrils represent an association of 2-3 hollow
filaments, closely resembling Perutz [3-helix. At the same time, the fibrils formed by
the peptide containing the normal length of polyQ region, follow the single solid

cylinder model. In order to provide a further support to our hypotheses, X-ray
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fiber diffraction experiments need to be performed. Entirely different X-ray
diffraction signals are expected to arise from the different structures predicted by
our SANS studies. The classical cross-f diffraction pattern, expected for NtQ22P10
fibrils would show a sharp meridional reflection at 4.75 A and a equatorial signal
at 10 A, representing the length of B-sheet repeat and intra-B-sheet spacing,
respectively [298]. The diffraction signal obtained from the hollow NtQ42P1o fibrils,
though, would differ significantly in the absence of the 10 A peak, since no B-slab-
like conformation is present within the structure of the fibrils.

Also, x-ray fiber diffraction would be advantageous to check the effects of
various solution conditions, e.g. reaction temperature and agitation, as mentioned

earlier.

4.3.2 Selective deuteration/contrast matching studies

The next step in characterization of the htt amyloid fibrils will include
mapping out the contacts between the fragments of htt exon-1 peptide, assigning
to the formation of the core (if present) to one of these fragments and providing
the details on the structures of these domains within the fibrils. To reach these
goals, SANS contrast matching experiments should be performed on both NtQ22P10
and NtQ42 selectively deuterated peptides. We have provided the evidence in
support of SANS as a valuable technique to study protein aggregation. However

SANS utilization is not limited to the general characterization of the fibrils, such as
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an overall -helical or cross-p conformation. SANS, possessing a high sensitivity to
the contrast between hydrogen and deuterium isotopes, can also provide
information on the distribution of the flanking htt region within the structure of
the mature fibrils. Using the recent advances in the production of deuterated
FMOC-protected residues it becomes possible to synthesize htt exon-1 peptides,
containing the particular regions, such as polyQ or polyPro, being selectively
deuterated. Through this approach, the obtained peptides can be treated as
multicomponent systems, where conformation and position of each domain can be
resolved. During the experimental procedure, the level of deuteration of the
solvent can be tuned (by varying the ratio between hydrogen and deuterium) to
the level of deuteration of one or more components of the peptide. This allows one
“to blank out” the particular portion of the fragment and separate the component
of interest, which has a different scattering intensity. This scattering profile yields
the position of the selected region as well as its conformational characteristics
within the formed fibrils. By performing the series of the experiments involving
the htt exon-1 peptide with different domains selectively deuterated, the
orientation of the regions relative to each other as well as their contribution to the
overall structure of both growing aggregates (in a kinetic experiment) and final
fibrils can be assessed. With this particular information in hand, the question on
the internal organization of the huntingtin fibrils can be also answered. Not only
can the presence of the solid or open core can be detected, but the region of the
fragment responsible for the formation of this particular structure can be readily

determined.
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4.3.3 Transition to a full-length htt exon-1 fragment

The NtQ22P10 and NtQ42P10 peptides utilized for a current study include the
sequences representing the N-terminal exon 1 fragment of huntingtin protein.
Containing both 17 amino acids and a Pro-10 region, these constructs reliably
reflect the protein context of the toxic fragments, however they do not represent
the entire fragment, resulting from the proteolytic cleavage occurring in the cell.
Current advances in solid-phase FMOC chemical synthesis allow the production of
the longer amino acid stretch constituting the truncated htt peptide, containing an
additional polyproline region of 27 residues. Although we demonstrated that the
length of polyglutamine repeat has a significant effect on the conformational
dynamics and mechanism of htt-exon 1 aggregation; application of our novel
structural methods on the full-length fragment will provide the most biologically

relevant insight in the process of htt aggregates’ formation.
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APPENDIX

Probing the Internal Organization of the Mature Htt Fibrils.

A described in the chapter 3, the htt fibrils formed by the normal and
pathological htt exon-1 fragments demonstrated a significantly different
morphology. While fibrils formed by NtQ22P10 peptide show a dense cross-beta
structure (when followed from the initial stages of fibrillzation to the mature
fibrils), aggregates formed by NtQ42P10 peptide resemble the beta-helical
conformation of cross-section as one proposed by Perutz.

In order to directly probe the internal structure of fibrils, measured by
number of internal waters, and confirm the presence of the hollow pore within
pathological Huntingtin fibrils, we performed contrast variation SANS
experiments.

Probing the amount of water molecules related to proteins, and especially
of alteration in hydration associated with conformational changes and binding
reactions, are essential in extending of our knowledge about the role of water. The
classification of hydration water usually depends on the specifics of the technique
studying water structure [2, 3]. Here, we concentrate on protein-associated water
that excludes small molecules by a preferential hydration of external protein

surface or by a steric exclusion from internal cavities [4-7].
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Protein hydration as characterized by solute exclusion can be studied using
a number of methods, such as light, x-ray, and neutron scattering, as well as
sedimentation equilibrium [8, 9], using the distinction in properties of water and
solute/water mixtures. Small-angle neutron scattering (SANS) is exceptionally
suitable for investigating waters, correlated with protein and excluding small
solutes[10]. The following three regions of scattering contrast are made with
added solute: the protein, the protein-associated water, and the bulk water/ solute
solution. The layer of excess water adjacent to the protein that keeps solutes out
has a distinctive scattering length density from both the protein and the bulk
solution containing solute. The scattering intensity of the protein then consists
partially of the protein itself and its preferential hydration layer. In experimental
terms, SANS determines the dry protein volume, or that inaccessible to the solvent,
when in H20, D20, and mixtures of the two [11]. The protein-associated water
volume determined in solute/D,0 mixtures is then the volume inaccessible to the
solute but accessible by water.

To describe htt-exon 1 aggregate structure and hydration, we conducted
static SANS experiments on htt fibrils in the presence of hydrogenated osmolytes.
These osmolyte contrast variation studies are comparable to conventional
H20/D20 contrast variation but with the supplementary advantage of elucidating
water present around and within the structures. We investigate here the exclusion
of TEG from the fibrils formed by NtQs:P10 peptide. Changes in I(0) and the
apparent Rg, in the presence of the increasing osmolyte concentration can be

utilized for gaining the information on the number of water molecules associated
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with proteins. [(0) is sensitive to the number of water while Rg depends both on
the number of waters and their location.

Generally, the scattering intensity of the protein and water treated as
composite particle can be described as follows:

cpNA
M

p

1(0) =

(Ap,V, +Ap,V,)’ (3)

where cp is the protein concentration, Na is Avogadro’s number, M, is the
protein weight, Apw (=pw - po ) is the contrast between protein-associated water
(D20) and bulk solution, and V, and V. are the molecular volumes of the protein
and protein-associated water, respectively. For fitting, we using the intensity ratio
as a function of the volume fraction of osmolyte, f,

2

~

~

(4)

p

5(0)= 1+fv pw_ps V;D+VW
o(0) p=p\ Y,

Likewise, a composite R; can be defined as:

_ApV,R +Ap,V,R; (5)

R2 p g p wiowitg,w

¢ Ap,V, +Ap V,

with Rgp and Rgw representing the individual radii of gyration of the protein
and the associated water, respectively (obtained relative to their common center
of scattering). Both Equations 4 and 5 were used to fit a series of data with varying

TEG fv assuming Vy is a constant across the entire solute concentration range [12,

13].
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Similarly, we can derive the composite expressions for the 2D analogs: the

composite cross-sectional zero-angle scattering intensity, /¢(0)

C

1,(0)= C;Vﬂ (Ap,, +8p,T,) (6)

A

which will result in an analogous expression as Equation 6 to describe the
zero-angle intensity ratio for data fitting purposes. The water volume, Vy, is
obtained from

y UM
NA

. (7)

where M, is the molecular weight of water (for D20, Mw = 20 g/mol). The
composite cross-sectional radius of gyration, R, is derived from the general
equation

f:erA

Rc2 = R
dA
0

(8)

where dA = 2zr, to yield the core protein R, = Rp/\/i with R, being the protein

cylindrical radius. Similarly, the cylindrical shell R, Reshen, is found from integrating over

the limits R, to Rw and defining the effective water shell thickness, =R, - R to yield

(Rp + t)4 B Rﬁ

1
R == 9)
cshell 2 )
2| (R +1) -R
and to obtain the composite R¢comp
AppR;Rcz,p + pr |:(Rp + t)z - R;f ]Rczshell
fmmp = (10)

Ap,R; +Ap,

(R]D +t)2 —sz]
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From a determined water accessible surface area or volume of water, the
number of preferentially hydrating water molecules, Ny, is calculated by utilizing 9
A2 surface area and 30 A3 volume per water molecule, respectively [14].

Osmolyte contrast variation SANS experiments on fibrils from pathological
htt-exon1 peptides were tested in D20 PBS buffer at 20 °C. We mixed these fibrils
that were initially formed in the absence of any osmolyte into TEG solutions of
concentrations ranging from 3 to 14% including a background run without protein
for each condition. Equations (6), (9), and (10) were used for analysis. It was
assumed that from I(0), Rg, and the shape of the SANS curve, I(Q), the level and
localization of hydration within and around the fibril cross-section could be
elucidated.

Upon completion of the described experiments the number of waters
associated with NtQ42P10 was found. The obtained curve of I ¢s (0)/Ic0(0) vs. the
varying volume fraction of TEG yield a slope, indicative of 78 = 15 waters (Figure
2A). The localization of the water molecules was significantly hampered as the
error bars on graph Rc vs. fv were prohibitory large.

As it was mentioned above, the changes in the Rc as a function of f, are
supposed to provide information on the localization of the waters. It is assumed
that in the case of solid cylinder all the calculated waters would be predicted to be
on the outside of the fibrils. This would be expressed in the more pronounced
slope of Rc¢ vs. fy, since that radius of cross-section would appear smaller as the
concentration of an osmolyte increases. This phenomena can be explained by the

fact that solute-excluded hydration layer around the protein has a contrast relative
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to the bulk solution, Apw (=pw - po ), that is opposite in sign from the protein, Apy
(=pp- po) [10].

Alternatively, if the mature fibrils represent a hollow cylinder model or a
set of filamentous hollow cylinders, the substantial number of waters would be
contained on the inside, and the observed radius of cross-section would not be
strongly affected by the increasing percent value of osmolyte.

For NtQ42P10, the slope of Rc vs. f; is shown on the figure 3. The localization
of the water molecules is significantly hampered as the error bars were
prohibitory large. The error in obtained R. increases with elevating osmolyte
concentration, since the adding up a solute diminish the contrast between protein
and solution and also enlarge the incoherent background scattering that appears

mostly due to the solute hydrogens [10].

176



Ic,s(O)/Ic,O(O)

1.0+ ® NtQ42P10 Ic ratio
= = NtQ42P10 zero H,0 Ic ratio
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Figure A1l. The NtQ4:P10 zero-angle neutron scattering intensity ratio,
Ics(0)/1c,0(0); as a function of TEG volume fraction, fv.

Solid line is a fit obtained using Eq. 6.The obtained number of waters is 78 +
15. Dashed lines are given for a case of zero water present within the system to
guide the eye.
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The obtained (from I¢s(0)/Ic0(0) vs. fv) number of waters was used to put
constraints on the internal structure of the fibrils through calculated geometrically
volume accessible for waters. Three models have been assumed: a semi-solid
cylinder with peptide arranged in a loose way; a single hollow cylinder; and a fibril
consisting of 2-3 hollow filaments.

1). In the case of single, semi-solid cylinder model, the experimental values
of Re (27.5 A) and My (1475.3 Da/A) were used to calculate the area inside the

fibrils, potential for accommodating water molecules:

M
Area =R’ - —L9 (11)
° N

A

with a resulting area of 2960 4, yielding 329 waters, that would be required
to fill fibrils with the given model of cross-section and length 4.75 A. This number
significantly exceeds the obtained from contrast variation value, excluding this
particular case from the potential pool of models.

2). The structural parameters for the next model, representing a single
hollow cylinder were calculated using the previously mentioned M; and the

expression:

(R?+R7)

c,heyl = 2

R (12)

where Rj and Ro represent internal and outer radius of fibrils. The obtained
values for these parameters were found to be 32.3 A and 21.6 4, respectively. From
these numbers, the predicted number of waters present within the volume inside

the fibrils, is 163.7, which is again larger than experimental value.
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Figure A2. Measured change in NtQ42P10 Rc versus solute f,.

The large value of errors observed at the higher concentration of TEG does
not allow the reliable determination of the number of water present, as well as
their location.
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One of the alternative possibilities is that in the case of the fibril with
internal radius of 21.6 A, the TEG molecules could enter inside the cylinder. Even
though the chance for such event is sufficiently low since the entrance of osmolyte
to the constricted pore is unfavorable, sterically it is still feasible (Rg of TEG is 5.5
A, which yields radius equal to 7.1 A and diameter of 14.2 A). In this case, the area
available for water molecules is significantly reduced and we assume a single (3 A)
layer of water adjacent to the internal wall of the fibrils. According to this
assumption, the estimated number of internal of waters in the presence of TEG
inside constitutes 40 molecules, with the remaining amount possibly hydrating the
outside of the fibrils.

3). The third model represents a mixture (50:50) of fibrils consisting of 2
and 3 hollow filaments with the internal radius equal to 5.9 and external 15.9
Angstroms. According to the internal area, representing the average between 2
and 3 filaments’ areas, the number of waters residing on the inside is 31, while the
rest is hydrating the outer surface of the fibrils. The predicted, optimal hydration
layer of the external part of fibrils would contain averagely 74.7 water molecules
per 4.75 A, however it is possible that the layer of water repelling TEG is not
uniform.

Performed mathematical analysis on hydration profiles of the proposed
models revealed that the semi-solid cylinder approximation could be excluded
from the potential cross-sectional organization of the mature fibrils. At the same

time, there are some levels of possibility that the mature fibrils can be either a
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single hollow cylinder (less probable) or a set of 2 or 3 hollow filaments
constituting mature fibrils.

The computational coarse-grained modeling can be potentially applied to
build the pdb structures of NtQ42P10 mature fibrils with the numbers and locations
of water molecules as predicted in models 2 and 3. These profiles can be utilized to
obtain theoretical SANS scattering curves, which subsequently can be compared
with the experimental scattering data for the identification of the most possible

cross-sectional organization of NtQ42P1o fibrils.
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