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P S U

Abstract: The a-synucleinopathies are a group of neurodegenerative diseases characterized by the
deposition of a-synuclein aggregates (a-syn) in the brain. Currently, there is no suitable tracer to
enable a definitive early diagnosis of these diseases. We reported candidates based on 4,4-
disarylbisthiazole (DABTA) scaffold with a high affinity towards a-syn and excellent selectivity
over AP and tau fibrils. Based on prior in silico studies a focused library of 23 halide-containing
and O-methylated DABTAs was prepared. The DABTAs were synthesized via a modified two-step
Hantzsch thiazole synthesis, characterized, and used in competitive binding assays against [*H]PiB,
and [PH]DCV]. The DABTAs gave an overall chemical yield of 15 — 71%, with a calculated
lipophilicity of 2.5 — 5.7. The ligands demonstrated an excellent affinity to a-syn with both [°H]PiB
and [FH]DCV]J: Ki 0.1 — 4.9 nM and up to 20 — 3900-fold selectivity over AP and tau fibrils. It could
be concluded that in-silico simulation is useful for the rational design of a new generation of
DABTAs. Further investigation of the leads in the next step is encouraged: radiolabeling of the
ligands with radioisotopes such as fluorine-18 or carbon-11 for in vivo, ex vivo and translational
research and for further in vitro experiments on human-derived protein aggregates.

Keywords: a-synuclein aggregates; 4,4'-diarylbisthiazole; binding affinity; Hantzsch thiazole
synthesis; lipophilicity; O-fluoroethylation; O-fluoroPEGylation; and O-methylation

1. Introduction

The deposition of a-synuclein aggregates (a-syn) in different brain regions is a
neuropathological hallmark that defines a group of a heterogeneous group of neurodegenerative
diseases known as the a-synucleinopathies. These include the Lewy body diseases (LBD) such as
Parkinson’s disease (PD) and dementia with Lewy bodies (DLB) which are characterized by the
intraneuronal deposition of a-syn in neuropathological lesions termed Lewy bodies (LB) and Lewy
neurites (LN). In multiple system atrophy (MSA), a non-LBD a-synucleinopathy, the a-syn is
deposited in the oligodendrocytes as glial cytoplasmic inclusions [1-3].

Clinical presentation of these a-synucleinopathies are believed to be preceded by the
aggregation of a-synuclein, and its occultic deposition which drives neuronal dysfunction followed
by death. For instance, in PD, motor symptoms become apparent after the loss of nearly 60-80% of
the dopaminergic neurons (DN) of the SNpc [4], as well as nerve cell loss in the nucleus basalis of
Meynert (NBM), locus coereleus (LC) and the dorsal motor nucleus of the vagus (DMV) [5]. Thus, the
early and differential diagnosis of these groups of NDDs advocate the development of in vivo
imaging agents, which would not only enable an early diagnosis, but also the tracking of disease
progression as well as the monitoring the efficacy of therapy.

© 2023 by the author(s). Distributed under a Creative Commons CC BY license.
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With the aid of positron emission tomography (PET) and single photon emission computed
tomography (SPECT) imaging agents with adequate affinity and pharmacokinetic properties could
enable in vivo imaging of the a-syn, when labeled with either positron or single-photon emitting
radioisotopes for the respective modalities [3].

The development of a-syn tracers is faced with general pitfalls that characterize the development
of brain tracers such as molar weight (MW). The brain uptake of ligands correlates inversely to the
square root of its MW [6]. Another factor is lipophilicity, which plays an increased role for the a-syn
tracers, since the location of a-syn is majorly intraneuronal or intraglial. Therefore the tracers ought
to be sufficiently lipophilic to partition both across the blood brain barrier (BBB) as well as the cell
membrane [7,8]. However, the tracers should not be too lipophilic that brain clearance of the
unspecifically bound brain tracers is compromised which complicates the kinetic modeling,
quantification and the reproducibility [2,9].

Furthermore, the development of a-syn radiotracers is replete with its own unique problems.
Unfortunately, a-syn usually co-localizes with other protein aggregates that are also present in other
NDDs such as A3 [7] and tau [10]. Hence, selectivity is a major challenge, since [Jeta-sheet stacking is
a common pathway to the aggregation of proteins that results in similar 3-pleated sheets common to
the above protein aggregates. Therefore, the prospective tracer must bind to a-syn in the nanomolar
range, if possible, even in the subnanomolar range. This is further complicated by the lower absolute
concentration of a-syn compared to A and tau [2,7,8,11].

Despite the above mentioned limitations, several research groups are working at developing an
ideal a-syn tracer with increasing success [12,13]. Our contribution is based on a DABTA scaffold
(Figure 1). In an earlier collaboration with the theoretical coauthors of this paper, different DABTA
derivatives with varied affinity to a-syn and selectivity over A and tau were designed. To
accomplish this multiple in silico modeling techniques were applied, such as molecular docking,
MM/GBSA, free energy calculations, and metadynamics stimulation by which the interactions
between the DABTAs and the fibrils (a-syn, AP, and tau) were studied [1]. As a result, the advantages
of some chemical moieties and functional groups were determined.

Figure 1. The diarylbisthiazole scaffold.

This present study focused on the lipophilicity and binding affinity of the DABTAs to a-syn, Ap
and tau as a function of their chemical moieties and functional groups.

2. Results

2.1. Chemical yields (CYs)

The CYs were moderate to high and reflected the success of the first step of the CYs in terms of
semipreparative HPLC purification. The repeated synthesis also enabled the enactment of better
purification strategies for a product (b) to be obtained in higher yields. The CYs of (b) obtained in the
first synthesis step were provided in Supplementary information (SI).

Table 1. Chemical yields (STEP II and Overall).

Ne  DABTA Step I/II (overall), [%] Step 111, [%] Overall yield, [%]
1. di 574091, (n=2) - 57.4+091, (n=2)
2. d: 47.7 (n=1) - 47.7 (n=1)
3. ds 477 +3.23, (n=3) - 477 +3.23, (n=3)
4, ds 434, (n=1) - 434, (n=1)
5. de 57.0, (n=1) - 57.0, (n=1)
6. ds 70.9 +1.63, (n=3) - 70.9 +1.63, (n=3)
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7. duw 15.6, (n=1) - 15.6, (n=1)
8. du 473+3.11, (n=2) - 473228 (n=2)
9. d 59.5+2.28, (n =8) - 59.5+2.28, (n = 8)
10. dis 555, (n=1) - 555, (n=1)
11. du 440, (n=1) - 440, (n=1)
12. dis 305, (n=1) - 305, (n=1)
13. dz 635, (n=1) - 635, (n=1)
14. f1 574091, (n=2) 58.0, (n=1) 333, (n=1)
15. f3 47.7 +3.23, (n=3) 58.0, (n=1) 277, (n=1)
16. fs 4731228, (n=2) 85.9  15.56, (n =2) 40.6 £7.37, (n=2)
17. fs 59.5+2.28, (n = 8) 893, (n=1) 53.1, (n=1)
18. fs 59.5+2.28, (n=8) 77.5+24.81, (n=2) 46.7 +14.98, (n = 2)
17. 7 59.5+2.28, (n=8) 849+0.71, (n=2) 5121043, (n=2)
18. fs 473228, (n=2) 82.0, (n=1) 3858, (n=1)
19. fo 477 +3.23, (n=3) 543 +1.03, (n=2) 259049, (n=2)
20. f10 552, (n=1) 663 +4.94, (n=2) 36.6+2.72, (n=2)
21. fu 420, (n=1) 91.1, (n=1) 383, (n=1)
22. fi2 305 (n=1) 80.0, (n=1) 245, (n=1)
23. f1s 473228 (n=2) 57.0, (n=1) 270, (n=1)
24, fu 574091, (n=2) 912, (n=1) 523, (n=1)
25. f15 59.5+2.28, (n = 8) 855, (n=1) 509, (n=1)
26. f16 574091, (n=2) 772, (n=1) 443 (n=1)
27. f1r 305, (n=1) 96.4, (n=1) 294, (n=1)
28. f1s 47.7 +3.23, (n=3) 87.0, (n=1) 414, (n=1)
29. f1o 635, (n=1) 983, (n=1) 624, (n=1)
30. f20 63.5, (n=1) 952, (n=1) 60.1, (n=1)
31. his 473 +2.28 (n=2) 80.7, (n=1) 382, (n=1)

n: number of repetitions

2.2. Competitive binding assays and clogP

All the reported DABTAs were sufficiently lipophilic with clogP between 2.5 and 5.7. As
expected the DABTAs bearing the benzodioxole ring were more lipophilic than their [1,3]dioxolo[4,5-
b]pyridine ring-containing analogues: ds4/d2, ds/ds, d21/d1s, fs/fs, fs/fs, f13/f7, and fis/f1e.

Although a high affinity to a-syn was maintained, the ligands showed varied affinity to protein
aggregates depending on the ligand against which they were competing, which in this case were
[FH]DCV] and [*H]PiB. Using [P(H]DCV] an interesting tendency was observed, namely that DABTAs
that bear the [1,3]dioxolo[4,5-b]pyridine moiety showed higher affinity to a-syn than their
benzodioxole-ring-bearing counterparts (Table 2) except in the case of fe. Although it contains no
[1,3]dioxolo[4,5-b]pyridine ring it still showed subnanomolar affinity to a-syn. A property that could
be attributed to the fluoroethylethoxy functional group it bears. In the case of [*H]PiB, this tendency
was also fairly consistent but there was reduced affinity and selectivity.

Due to the low solubility of fs, fis, fisand hizin the incubation solution, it was difficult to perform
the binding assays with them: it was impossible with fisat any concentration; for fs, fisand hss, it was
only possible at the low concentration of the ligands used for the a-syn binding assay (Table 2).
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Table 2. The physico-chemical properties of the DABTAs.

Ne DABTA  Structure (with the pKa of the Ki, [nM] clogP  tPSA
heterocyclic nitrogen shown) a-syn AB tau
847 122*  2417*  >1000*
1 547 524
& @\Q 3\(:[ 232 1471 6807
N 0.66*  2753*  >1000*
478 648
2 ds O\Q ?\@[ 2.56 87.4 364
s 0ar 121*  2372*  966*
41 :
3 d O& oss 2.51 1509 7987 79
PO sy 010  386.3* >1000*
4 ds O 350 679
NI \g ot NOF 1.01 1271 >1000
.95
1258 o 1.36* 406.8* >1000*
5 d 250 804
? D\&s o L g 4.75 2143 4344
1.54
12550 188 099*  250.6*  464.9*
6 f 3\( 335 895
' \)3\@ V\L ~F 151 1852 766.4
1547 3\( 227 133.7*  5152*
404 771
7k @\Q V\L ~F 288 1549 5162 0
410 050*  197.8* 4372
8§  fs G\& J\L 379 864
N o/\j 4.89 9.7 3625
4 151* ND ND
9 £ O& J\L 361 956
N o/\j 1.17 764 2421
1258 o 188
10 fo \f}& 2.30 ND ND 310 987
1.28
1280 \ 0.84* ND ND
1 f 448 832
’ \s \ o}\@ 0.96 476 1130
1.54
O e s 1.00* ND ND
12 f 461 832
" 1\;}& 2\@ 0.93 37.3 615
1347 53
13 fn O& 300 351.0* 5220* 570 524
037
1258 0
1.87 \
14 fo % m 0.92 38.7 983 459 832
15 015
1258 o 188
15 fis \)}\& 0.38 46.6 120 293 1080
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* [BH]DCV] was used, otherwise [3H]PiB was used
Blue Strongest basic pKa, Red Strongest acidic pKa (chemicalize.com)
Topological polar surface area (tPSA) and Clog P (ChemDraw professional)
ND not determined.

2.3. In-silico modeling of the binding of DABTAs to a-syn

We docked ligands fs to f20 and his to the binding sites (sites 1 - 4, Figure 2A) identified from a
previous study [14], followed by prime MM/GBSA binding free energy calculations. The sites with
the lowest binding free energies for each DABTA are reported in Figure 2B, which shows that the
DABTAs depending on the functional groups borne show varied preferences for the identified sites.

The three surface sites which are sites-1, -2 and -4 bear at least one basic amino acid residue.
Interestingly, the DABTAs exhibit a very competitive preference for site-2 (7 compounds, fs, f7, fs, f1o,
f1, f13 and f19) of all the surface sites compared to the inner cavity site-3 (8 compounds, see Figure 2B),
which is more similar to a conventional ligand binding pocket. Of the two DABTAs that bear two
fluorine atoms, the more lipophilic (Table 2) fiobound to site-2 with the highest binding free energy
(-76.8 kcal/mol) observed in the DABTAs, while the more hydrophilic f2bound to site-1, actually the
only DABTA that bound to this site, with 21.8 kcal/mol less energy. This was also demonstrated in
the binding assays (Table 2), in which, the Kiof fi to a-syn was roughly the same with both [PFH]DCV]
and [°H]PiB. Notwithstanding, some of the evaluated DABTAs also showed a preference to the cavity
site-3 over the other three (surface) sites.

Analysis of the binding modes of the DABTAs as revealed by the docking experiments, it was
seen that all the DABTAs adopted stretched modes with their axes parallel to that of the protofibril
upon binding (Figure 3). Such docking interaction mode has also been observed in other in silico
studies carried out with ligands that bind to protofibrils from neurodegenerative diseases.


https://doi.org/10.20944/preprints202310.1592.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 25 October 2023 doi:10.20944/preprints202310.1592.v1

kel s T ﬁ%-&ééc;«:geaa?:&&&éé&&ééé
K96 3 =) 5 -10.0 | ‘
2 L
i, R0 5 200 ‘
FOdli R A 2 |
¢ < =300 | ‘
s \ \ &0
& __\\ \ \ g ‘
; ¥4 VL E R0 L [ 11
Ao 817 & o o Z 5500 ‘ -
ISV Qg&?’f’cn;; Py /’,, 2< ‘ I
ANSST SR
B Nl o = 00
V5SS sted® 1 E 800
S5 900

m Site-1 ~ m Site-2 Site-3 Site-4

Figure 2. Configurations of top-ranked docking sites (A) and the lowest prime MM/GBSA binding
free energies (kcal/mol) for the ligands fs-f20 and his on one of the sites 1-4.
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Figure 3. Representative binding modes of DATABs in sites 1-4 from top or front views. Hydrogen

bonds, cation-m and 7t-7t interactions are depicted as yellow, green and cyan dashes, respectively.

100-ns simulations were performed for each ligand bound to each docking-derived site (surface
sites-1, -2 and -4 and the interior cavity site 3). From the root-mean-square deviation (RMSD) values,
the mobility of ligands on the surface site was observed to be significantly larger than those in the
cavity site (SI Figure 4).

To determine the kind of interaction preferred by the DABTAs in their interactions with the
surface sites of a-syn a simulation interaction analysis was carried out, in which it was discovered,
that although all the DABTAs bear four aromatic rings, mt-m interaction is not the main interaction in
ten of the eighteen evaluated ligands (Figure 4A). The overall accumulated percentages of
interactions follow the order — hydrophobic interaction, 7-rt interaction, cation-m interaction, and
hydrogen bonding from the trajectories of most ligands starting from the three surface sites.

In the MD simulations, where the interactions between the DABTAs and a-syn were narrowed
down to the residues in the surface sites, it was clearly seen -7t interactions played an important role
in the interaction of most of the DABTAs with the histidine (H50) and phenylalanine (F94) residues
(Figure 4B), which is hardly surprising since they are all bear aromatic and heteroaromatic rings.
Hydrophobic interactions with the amino acid residues of hydrophobic such amino acids as 188, V48,
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V52, F94, and A85 were observed in the DABTASs (f4, fs, fs, fio, f11, f1s, f15, f16, f17, and f20) with overall
accumulated percentage over 70% (Figure 4A). Unexpectedly, fi surpassed all the DABTAs with
respect to hydrogen bond interactions with lysine residues (K96) in the surface sites (sites-1, -2, and -

4) of a-syn (Figures 4A and 4B), while the DABTAs with a relatively high tPSA fiz and his performed
poorly in this aspect.

Moreover, it was also interesting to observe that the majority of the pyridine-bearing DABTAs,
which are expected to form stronger hydrogen bonds or did not live up to the expectation, but
counterintuitively partook more in hydrophobic interactions in the simulations. Cation-mt interaction
was seen not only in the DABTAs bearing electron-rich aromatic rings with protonated lysine
residues (K45), but also in those with only heteroaromatic rings such as fs, f13, and fi¢ The combination
of high m-m/Cation-mt interactions observed for these only-heteroaromatic-rings bearing DABTAs
might have reduced their tendency to form hydrogen bonds or broken formed hydrogen bonds, since
ni-r/Cation-mt interactions require specific angle between aromatic/heteroaromatic rings of the
DABTAs and the corresponding amino acid residues.

(A) (B)
724 2SO0 27
75077204 14.1
564 11503260
558 M8BIN299M7 5
894  ISSMEE 56 300 4
41.6 13700
783 703062
1487 48129
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1249 942 580 230
110.8 1487 23.1 180
156.6 so0m2sE 2.0
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60.0 20141 89
63777331210
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= Cation-t = Hydrogen bond OHydrophobic n-n  @Cation-n @ Hydrogen bond
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Figure 4. Simulation interaction analysis (A) and the distribution of top-6 most interacted residues
(B). The analysis is based on all the trajectories started from the three initial surface sites (1, 2 and 4).
Different types of interactions can occur on the same residue, while the same type of interaction can
occur multiple times within a frame.

3. Discussion

The strategies employed in the CY of the DABTAs were discussed in detail in a previous
publication [1]. Nevertheless, care was taken to obtain the intermediates, that is, the 4-
aryl/heteroarylthiazole-2-carbothioamides in high HPLC purity. This facilitated an easier purification
of the more difficult-to-dissolve downstream products (d) and (f) (SI schemes 2 and 3).

The lipophilic profile of the ligands is reminiscent of that of some of the already reported ligands
such as ds and ds, which showed excellent brain uptake and washout [1]. Even the ligands with
relatively higher clogP made up for this by their high tPSA which might lower unspecific binding
both on the periphery and in the brain. Also, replacing the left-side benzene ring with pyridine can
reduce the lipophilicity as in the case of fo/fis. Although PEGylation helped in the reduction of
lipophilicity (d4/fi0), a more significant reduction was observed by replacing the benzene ring with a
pyrimidine ring as was the cases of fs/fi1 and fi2/f1s. The pyrimidine ring in the fluoroethyl/PEGylated
DABTAs were placed in such a way that minimizes the formation of hydrogen bonds with its
aqueous environment thus facilitating brain permeability of the tracers. At an overall level, the
hydrophilicity of the DABTAs are relatively high, leading to the observation of hydrophobic and 7t-
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7t interactions dominating the interactions between tracers and the solvent exposed surface sites
(Figure 4).

As already mentioned [1], in preliminary binding assays it was established that the
methylenedioxy group is essential for a high affinity to a-syn and selectivity over Af3 and tau. For
this reason, this functional group is present in all the DABTAs. Furthermore, the ligands showed a
functional group dependent affinity to a-syn and selectivity over A3 and tau in the competitive
binding assays especially with [FH]DCV], in that, the more heterocyclic aromatic rings there are in
the structure the higher the affinity to a-syn - good examples are d2and ds; dsand ds; faand fs; fzand
fi3. This could be attributed to m—m interactions [15,16]. This tendency was slightly diminished using
[*’H]PiB which might be partly explained by the contents of the incubation buffer used in this case,
with which the ligands might have interacted. Moreover, the difference in binding sites on the protein
aggregates might be another factor, which is reflected in the binding free energy calculations for
different sites. The difficulty in matching the calculated free energies with the experimental Ki values
can be related to different experimental and theoretical conditions. The low solubility of some of the
DABTAs might have played a role in their ability to interact with the protein aggregates. The most
interesting of these poorly soluble DABTAs is fis, which in spite of its hydrophilic functional groups
could not be dissolved in the incubation buffer for the binding experiments.

Computer simulation is a powerful tool which compensates for the insufficient experimental
knowledge of the dynamic and atomic details of the binding of PET tracers to pathologically
aggregated protein filaments. Although the binding of small molecules in the cavity site of lipidic a-
syn can be observed by NMR spectroscopy [17], the surface site in the fibril may still be more
accessible to the ligands in-vivo, since the fibrils may twist themselves around each other, thus
blocking the entrance to the cavity sites.

In this study, the surface site-2, which contains more than two aggregated residues, was found
to be more preferred by the DABTAs compared to the cavity site 3 (Figure 3B). Notably this was not
observed in a current study of the interaction of some tau PET tracers with the surface sites of 4R tau
protofibrils [18]. The mobility of the DABTAs on the surface sites of a-syn are also less significant
than other PET tracers on tau protofibrils [18].

PEGylation can either lengthen the molecule, when it is added to the para-position of the
benzene/pyrimidine ring or partially bifurcate the molecule when it is located on the meta- or ortho-
position. From the interaction analysis, it was seen that the 2-3 repeat PEGylation at the para-position
is beneficial for m—m interactions with H50 at site-4 or F94 at site-2 (fs, f13 and hus in Figure 5). For
instance, the three-repeat PEGylation at the para-position in fi3 seems to greatly enhance its affinity
to a-syn (Ki0.38 nM).

For the branched PEGylation with 3 repeats, the portion of hydrophobic interaction increased
significantly (fis and f20 in Figure 4). The branched PEG moiety could hook some “pop-out” backbones
area with the direction perpendicular to the axis of protofibril. For example, the PEG moiety at the
meta-position was found to hook the “pop-out” area, which comprised G67, G68, and A69 (Figure 4)
and thereby increase the hydrophobic interactions during the MD simulations. However, the 2-repeat
PEGylation at the meta-position increases hydrogen bonding with K45 for ligand fs (Figure 4).
Contact analysis based solely on the distances between any of the non-hydrogen atoms of the ligand
and the protein for the surface sites 1, 2 and 4, showed that the best contact residue is N65 for all the
ligands except fs, {7, fi3, fi5, fi9 and f20, which mostly contacted with H50 (Figure 6. Although site-2
exhibits comparable binding free energies to the ligands with the cavity site-3, N65 makes more
contacts, which correlated with smaller RMSD values for more ligands in site-1 than in site-2 (Figure
3).

4. Materials and Methods

4.1. Chemical synthesis

The synthesis of the DABTAs and the synthesis schemes are described in the supplementary
information (SI).
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4.2. In vitro binding assays
4.2.1. Preparation of the amyloid protein aggregates

4.2.1.1. Preparation of recombinant a-syn fibrils

The incubation of purified recombinant a-synuclein monomer (10 mg/mL) obtained as described
by Uzuegbunam [1,19] was carried out in PBS (pH 7.4) at 37°C. The solution was left shaking at 900
r.p.m in an Eppendorf Thermomixer for up to 84 hours. Determination of the concentration of the
formed fibrils (a-syn), was carried out following the centrifugation of the reaction vial at 12 000 g for
5 min. The pellet obtained was washed thrice with 20 mM Tris-HCl pH 7.4. The supernatants from
the three centrifugation steps were combined and the concentration of the monomer in the resulting
supernatant was determined in a BCA assay (with a BSA standard curve). Determination of the
concentration of a-syn was carried out by subtracting the amount of a-synuclein monomer in the
supernatant from the initial amount used for fibrillation.

4.2.1.2. Preparation of recombinant 3-amyloid fibrils

After the dissolution of 1 mg p-amyloidi-«2 peptide (Abcam, United Kingdom) (50 uL DMSO,
925 uL of Milli-Q® water was added to it and the mixture was stirred. Finally, 25 puL of 1M Tris HCI,
pH 7.4 was added to bring the final peptide concentration to 1 mg/mL. The mixture was then left to
incubate at 37°C for 30 h with shaking at 900 r.p.m. To separate the non-aggregated monomers from
the formed fibrils, the reaction mixture was centrifuged at 12 000 g for 5 min and the resulting pellet
was washed three times with 500 uL of 20 mM Tris-HCl pH 7.4. The supernatants from the three
centrifugation steps were combined and the concentration of the monomer in the resulting
supernatant was determined in a BCA assay (with a BSA standard curve). Determination of the
concentration of fibrils formed was carried out by subtracting the amount of 3-amyloidi-2 peptide
monomer in the supernatant from the initial amount used for fibrillation.

4.2.1.3. Preparation of recombinant tau fibrils

Recombinant tau monomer (R&D systems, U.S.A) was dissolved in 20 mM Tris HCI pH 8.0, 100
mM NaCl, 25 uM low MW heparin, and 0.5 mM dithiothreitol to a final concentration of 300 pg/mL.
The mixture was incubated with shaking 900 r.p.m at 37°C for 48 h. To separate the non-aggregated
monomers from the formed fibrils, the reaction mixture was centrifuged at 12 000 g for 5 min and the
resulting pellet was washed three times with 500 pL of 20 mM Tris-HCl pH 7.4. The supernatants
from the three centrifugation steps were combined and the concentration of the monomer in the
resulting supernatant was determined in a BCA assay (with a BSA standard curve). Determination
of the concentration of fibrils formed was carried out by subtracting the amount of tau peptide
monomer in the supernatant from the initial amount used for fibrillation.

4.2.2. Preparation of a-synuclein, -amyloidi-«, and tau fibrils for competition binding assays

The pellets of the fibrils obtained above (4.2.1) were resuspended in 20 mM Tris-HCl pH 7.4 and
diluted as needed for the binding assays.

4.2.3. Competition binding assays

The binding assays were carried out with both tritiated DCV] ([FH]DCV]) and tritiated PiB
([FH]PiB) (Figure 2). [FH]DCV] binds to all the protein aggregates with high affinity: K4 for a-syn 4.4
nM, A 8.9 nM, tau 15.6 nM. [*H]PiB with also relatively high affinity to the fibrils [20-22]: Kd for a-
syn 4.9 nM, AB 3.7 nM, tau 117.5 nM.

doi:10.20944/preprints202310.1592.v1
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Figure 5. The chemical structures of tritiated DCV] and PiB.

4.2.3.1. Competition binding assays with the a-syn fibrils

A fixed concentration of [PH]DCV] (10 nM) and a-synuclein aggregates (125 nM) prepared as
described above (4.2.3) was used with different final concentrations of the DABTAs from 0.01 - 100
nM. The experiment was carried out in quintuplicates for each concentration. The mixture was
incubated for 2 h in a final volume of 200 pL per well after dilution with 20 mM Tris-HCl, pH 7.4.
The incubated mixtures were filtered through a Perkin Elmer GF/B glass filter via a TOMTEC cell
harvester and immediately washed thrice with 1 mL of deionized water. The filters containing the
bound ligands were dried and afterwards mixed with 3 mL of BetaPlate Scint solution (PerkinElmer
Life Sciences) and left there for 2 h before counting in a Wallac 1450 MicroBeta TriLux Liquid
Scintillation Counter (PerkinElmer Life Sciences). For the determination of the inhibition constants,
data were analyzed using GraphPad Prism software (version 7.0) to obtain ICso values by fitting the
data to the equation Y = bottom + (top — bottom)/(1 + 10(x — log ICs0)). Ki values were calculated from
ICso values using the equation Ki = ICso/(1 + [radioligand]/Ka). For assays with [PH]PiB, a fixed
concentration of [*H]PiB (10 nM) and a 10 mM phosphate buffer (pH 7.4), 1 mM EDTA and 0.5% BSA
(for incubation and washing) were used instead. Further protocol was carried out as for [PH]DCV].

4.2.3.2. Competition binding assays for Afi-4«2and tau fibrils

Fixed concentrations (125 nM) of AB1-#, tau aggregates, and [FH]DCV] (10 nM and 20 nM for the
Api-22 and Tau competition experiments respectively) were used with different concentrations of cold
versions of the tracers from 1 - 1000 nM. The experiment was performed in quadruplicates for each
concentration. Further procedures followed the same already described in 4.2.3.1.

For assays with [*PH]PiB, fixed concentrations (125 nM) of Af1-«, tau aggregates, and [PH]PiB (10
nM and 200 nM for the AB1-« and tau competition experiments respectively) with 10 mM phosphate
buffer (pH 7.4) that contained 1 mM EDTA and 0.5% BSA (for incubation and washing) were used
instead. Further procedures followed the same already described in 2.2.4.1.1.

5. Conclusions

The reported DABTAs showed impressive binding affinity to recombinant a-syn and selectivity
over recombinant A and tau in vitro. The binding details of these ligands to a-syn have been
evaluated in detail with structure-activity relationships established in this paper. The introduction of
2-3 repeated PEGylation on the para-position of the benzene/pyrimidine ring was found to increase
the binding affinities to a-syn as they facilitate increased m-m interactions. The lipophilicity of the
newly reported ligands holds the promise of good brain pharmacokinetics. In order to further
evaluate the efficacy of these ligands, they will be radiolabeled with either fluorine-18 or carbon-11
for further in vitro and in vivo studies.

Supplementary Materials: The following supporting information can be downloaded at the website of this
paper posted on Preprints.org.
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