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Supplementary Figure 1. Biophysical characterization of WT proSP-C BRICHOS and its variants. (a)
SDS-PAGE images of WT proSP-C BRICHOS and its two artificial variants | and 11 showing presence of
a single band at ~ 12 kDa. Although WT proSP-C BRICHOS has been shown to form trimer, in presence
of SDS it denatures into monomer. (b) Multiangle light scattering of WT proSP-C BRICHOS (red) and
variant Il (green) shows different elution profile, which further confirmed the formation of trimer by WT
and monomer by variant Il. (c) Microfluidic Diffusional Sizing showing higher hydrodynamic radius of
the WT proSP-C BRICHOS compared to its corresponding variants, which further calculated to be a
trimer for WT proSP-C BRICHOS and monomeric for the variants. 3 independent experiments were
performed and the corresponding S.D is presented here. (d) [°N,'*H]-TROSY spectrum of WT proSP-C
BRICHOS at 298 K.
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Supplementary Figure 2. [°N,*H]- TROSY spectrum of *>N-labeled proSP-C BRICHOS
Var I1. [°N,'H]- TROSY spectrum of °N-labeled proSP-C BRICHOS Var Il was recorded
at pH ~6.8, phosphate buffer, 303 K on 700 MHz *H frequency.



Supplementary Figure 3. Overlay structure of trimeric and monomeric BRICHOS. Overlay
structure of proSP-C BRICHOS Trimer (blue) and proSP-C BRICHOS Var Il (cyan), which
has been shown to form a monomer.
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Supplementary Figure 4. Client peptide A does not interact with proSP-C BRICHOS Var 11
[**N,'H]-TROSY spectra of 100 pM *N-labeled proSP-C
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domain as revealed by NMR.

BRICHOS Var Il in phosphate buffer, pH 6.8 at 303 K in absence (red) and presence (orange) of
client peptide A (KKVVVVVKK) at a concentration of 1 mM. The near perfect superposition of the
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two spectra indicates lack of binding between proSP-C BRICHOS Var Il domain and peptide A.



Supplementary Figure 5. Mapping the interaction site of client peptide B on proSP-C BRICHOS
Var Il. (a) 100 uM proSP-C BRICHOS Var Il was incubated in presence of 1 mM substrate
peptide B (VLEMGSGSGSKKVVVVVKK ) at 303 K, pH ~6.8 in phosphate buffer. Intensity of
different amino acids of proSP-C BRICHQOS Var Il was monitored in absence (lp) and presence (1)
of peptide B. NMR signal intensity ratios (1/lo) were determined for each residue by extracting the
maximal signal height of the cross-peaks from the respective 2D [*°N,*H] NMR spectra. (b) The
interaction site between peptide B and proSP-C BRICHQOS Var Il was mapped onto the structure of
proSP-C BRICHQOS Var Il by plotting ratios below 0.7.



8.5 8.0 [ e /7.0
105 0.06 }
005}
E 004} -
§ ol : &
5 oce| > @
/é\ 0 500 1000 1500 2000 2500 ‘\) o i Y 9
[peptide B] (uM) : ) & J‘ \_‘J
% ) < nillea B
> 15 o P p - ,
ik 1 P® ° (;7 & l
g o » o Oy 9., i
120 ” Y & R
)] - n'-) - k\"(; :;fp ™ Gj
) S o )
e o y e ¥ L137
TR . i 5
1257 g N > .
. ‘.fz
’a( B .)(_',"Al °
o

9.0 8.5 8.0 7.5
(’32'1H (ppm)

7.0

105

(110

115

120

125

Supplementary Figure 6. Client peptide B interacts weekly with the proSP-C BRICHOS Var Il
domain. 100 uM proSP-C BRICHOS Var Il was titrated with increasing concentration of peptide
B. Red colour represents proSP-C BRICHOS Var Il (100 puM) in absence of any peptide, whereas,
green, yellow, cyan and blue represents proSP-C BRICHOS Var Il in presence of 200 uM, 500
MM, 1 mM, and 2 mM peptide, respectively. Dissociation constant of peptide B to proSP-C
BRICHOS Var Il was determined to be ~ 800 uM (inset) suggesting week interactions between
peptide B and proSP-C BRICHOS Var Il domain. It is stated that the binding affinity could not be
determined with high accuracy due to the limitation of the addition of high concentration of peptide

B.



a 300

250
200+

Kq/nM
o
o

100+
50+

€]

(k2)r
il

.i

1

1

wt

var1i

var2

0.00

Kg *
(ka)rer ol
° IQ
[ ]
Lo
V\lrt vér1 valr2

+0.25

0.00

Supplementary Figure 7. Comparison of rate constants and affinities. (a) Comparison of the affinities
of the different proSP-C BRICHOS variants against Ap42 fibrils with the rate constant k.k, at 7.5 uM
proSP-C BRICHOS concentration. For proSP-C BRICHOS Var |, no affinity has been detectable. (b)
Comparison of the affinities of the different proSP-C BRICHOS variants against a-Syn fibrils with the
rate constant k:k, at 10 uM proSP-C BRICHOS concentration. 3 independent experiments were
performed for each set and corresponding S.D are represented here.
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Supplementary Figure 8. Binding experiment of WT proSP-C BRICHOS and its variants to
monomeric a-Syn and AB42. Microfluidic Diffusional Sizing experiment showing no increment
of the hydrodynamic radius of proSP-C BRICHOS upon binding with monomeric AB42 (a) and o-
Syn (b), which confirms the lack of binding events of proSP-C BRICHOS with monomeric Ap42
and a-Syn. Each experiment was performed three times and their corresponding S.D is represented.
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Supplementary Figure 9. Lowering pH causes dissociation of trimeric proSP-C BRICHOS into
monomeric entity. The elution profile and molar mass determined by multiangle light scattering of

WT proSP-C BRICHOS at pH pH 6.8 (green) demonstrates its trimeric form, while at lower pH 5.8
(blue) it is present both as a trimer and a monomeric entity.
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Supplementary Figure 10. proSP-C BRICHOS Var Il does not interfere with the aggregation kinetics
of C-terminal truncated a-Syn (1-121). Aggregation of a-Syn(1-121) (~150 puM, pH ~7.4, 37 °C in PBS)
in presence of varying molar equivalents of proSP-C BRICHOS Var Il as indicated (molar ratio of a-Syn:
BRICHOS corresponds to 1:0, 1:0.25, 1:0.5 and 1:1 respectively) was monitored by an increase in the
fluorescence of thioavin T (ThT). During aggregation, 10 ul sample was collected and diluted in 200 pl
PBS and ThT signal was monitored at regular interval. The data indicate that proSP-C BRICHOS Var Il
does not influence the C-terminal truncated a-Syn aggregation. Two independent experiments were
performed for each sample.
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Supplementary Figure 11. Single particle tracking (SPT) of BRICHOS variants along a-Syn
fibrils. For further validation of the SPT data, diffusion coefficients were analyzed at different
times throughout the experiments, checking if over time proSP-C BRICHOS would fully
decorate a-Syn fibrils. In (A) diffusion coefficients are shown for tracks originating from the
first 10 min of the experiment and second half from 10 — 20 min after labeled proSP-C
BRICHOS Var Il addition at different concentrations 1- 100 nM. Mean +/- S.D are represented
here. (B) Photon statistics are plotted, suggesting similar results for different proSP-C
BRICHOS Var Il concentrations. For SPT analysis, molecules with low photon budget
resulting in a localization precision of > 30 nm are excluded. (C) For specificity of binding, low
affinity proSP-C BRICHOS Var | and WT proSP-C BRICHQOS are compared, therefore similar
number of localizations is plotted. Colocalization analysis resulted in higher index (via Pearson
correlation) for WT versus proSP-C BRICHOS Var I. (D) Examples of localization density
along a-Syn fibrils are plotted for different WT proSP-C BRICHOS concentrations suggesting
an inhomogeneous distribution along the main fibril axis at higher concentration.



Supplementary Figure 12.Schematic of the kinetic model of proSP-C BRICHOS action in
interference with a-Syn secondary nucleation. M is fibrils mass concentration, m is free
monomer concentration, r is the radius of cross section of fibrils, d is the periodic repeat distance
of intermolecular B -sheets along the fibrils direction, V,, is the volume of one monomer in the
fibril, k,, n, are the secondary nucleation rate constant and the secondary nucleation reaction
order, D is the diffusion coefficient of the chaperone on the fibril and kg is the diffusion limited
rate constant of monomers adsorbed on the fibril.



Supplementary Table 1 | NMR structure statistics for BRICHOS variant Il and trimer

Variant 11 Trimer
NMR restraints
NOE distance restraints:
Total 820 2372
Short-range (Ji—j| < 1) 638 1385
Medium-range 2 <|i—j|<4) 46 349
Long-range (i —j| > 5) 136 638
Hydrogen bond restraints 0 0
Dihedral angle restraints (¢/y) 118 318
Structure statistics Mean + s.d. Mean = s.d.
CYANA target function value (A?) 7.28+0.33 24.01+£1.20
Distance restraint violations > 0.5 A 1+1 4+3
Dihedral angle restraint violations > 5° 4+2 31
Ramachandran plot statistics (PROCHECK):
Residues in most favored regions (%) 68.9 60.8
Residues in additionally allowed regions (%) 25.1 32.7
Residues in generously allowed regions (%) 4.1 4.7
Residues in disallowed regions (%) 1.9 1.9
RMSD to mean coordinates (residues 91-148, 177-197):
Backbone N, C*, C’ (A) 1.06 £0.19 0.70+£0.14
Heavy atoms (A) 1.64+0.24 1.06+0.14




Supplementary note. Kinetic Model of Secondary Nucleation Interference by proSP- C
BRICHOS

A schematic of the kinetic model of secondary nucleation interference of proSP-C BRICHOS is
illustrated in Supplementary Figure 12. It is based on a cylindrical fibril with radius r =5 nm and
a-Syn monomer volume Vi, = 16 nm® derived from the cryo EM structure®. Based on the
experimentally derived stoichiometry of 1:10 chaperone molecules (proSP-C BRICHOS:a-Syn
monomer) adsorbed a-synuclein molecule in the fibril, we obtain an area A = 10*Vm*2/r =

64nm2 that each chaperone needs to sweep.

Following the equation t=AD™ it results t = 6.4*10* s for proSP-C BRICHOS to move through
the area A, where D = 0.1um2/s is the diffusion coefficient of the chaperone on the fibril.

Next the number of secondary nuclei generated in the area A during the time t is calculated using
previously reported literature? using equation 1. First, we consider the total number of secondary

nuclei formed per unit time for a system with a (monomer mass equivalent) concentration M of

fibrils (10_5m0I/L) and a concentration of monomer of m (10_5moI/L):

AN = Nakom™ Mdt = Npkom™ Npgy /Nadt = kym™ Nygedt (1)
where Nagg is the number of monomers per unit volume.

Using the cylindrical geometry of the fibril Nagg = 2r2h/Vm and the number of monomers per
area is r/2Vm, the number of secondary nuclei formed in time t on a given surface area A is

determined using equation 2.

N:kgmnz%-fl-t 2)

where k,, n, are the secondary nucleation rate constant and the secondary nucleation reaction

order, respectively?®.



Evaluating for the fibril geometry and A = 64 nm2, proSP-C BRICHQOS diffusion time through

the area A t = 6.4*10 %4 s and k,m"2 = 15.10 651" yields N = 9.6-10 9« 1. This suggests
that proSP-C BRICHOS interferes with secondary nucleation formation by passing a (many)
nucleation site(s). With other words, the passing is much faster than the formation of the
secondary nucleus. While passing BRICHOS competes with the binding site of a-Syn monomer
kicking it off the fibril. Albeit the readsorbtion of a-Syn monomer is on the time scale of
microseconds as determined by NMR experiments ® and by an estimation of a diffusion limited
rate constant (see below) and thus many orders of magnitude slower than the secondary
nucleation formation. Therefore, by swiping along the fibril surface proSP-C BRICHOS is
perturbing the formation of the secondary nucleation.

The readsoprtion time of a-Syn monomer is given by equation 3 and 4.

0.5m _ 0.5

tad = Fpim-af = Fpo0 3)
Dy = kéfl'z;<R1]\/[ + R1m> ~ Dy, = 100um?/s (4)

Where Kp=4nDmwm..Rmm 1S is the diffusion limited rate constant of monomers adsorb on fibrils
D is coefficient of mutual diffusion of monomers and fibrils and Ry, is the encounter distance

between monomer and fibril for adsorption happens

Taken together this yields a t,g = 6.6 *10™ s, which is similar to the experimental value.
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