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Experimental

All reagents were purchased from Sigma-Aldrich if not stated otherwise.

Protein sequences
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MGHHHHHHMR NSGRGQGGYG QGSGGNAAAA AAAAAAAAAA AGQGGQGGYG RQSQGAGSAA
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Protein preparation

All NT2RepCT variants as well as the CTD were expressed and purified as described
previously but the CTD was solubilized by sonication instead of lysosome 2. NT2Rep and
2RepCT were expressed and purified like the CTD. NT2RepCT constructs were concentrated
to 200-350 mg/ml in 20 mM Tris pH 8 for long-term storage and protein stocks were prepared
by dilution to 650 — 750 uM in deionized Water. CTD constructs have been concentrated to 1
mM, NT2Rep and 2RepCT to 200-300 uM in 20 mM Tris pH 8. In all experiments samples

have been prepared by dilution of the protein stocks in the respective buffer.

Fluorescence microscopy

For DroProbe imaging, 50 upuM of Sodium 3,3'{[(1,2-diphenylethene-1,2-diyl)bis(4,1-
phenylene)]bis(oxy)}bis(propane-1-sulfonate) and 50 uM of the respective spidroin construct
were added to buffer in a 18 well p-Slide (ibidi) and incubated at room temperature for 5 min.
Fluorescence microscopy images were acquired using a Nikon Eclipse Ti series inverted
microscope (Nikon) equipped with Crest X-light V2 series confocal unit (Nikon), using 395 nm
excitation wavelength, 3% laser power and 457 nm emission wavelength. Images were
acquired using an Plan Apo 60x oil immersion objective (Nikon) and a Zyla VSC camera
(Andor). NIS-Elements Advanced Research 5.02.03 64-bit software (Nikon) was used for
image analysis. Samples in 0.5 M KPi pH 8 were prepared in black half-area 96-well
polystyrene microplates with a transparent bottom (Corning) and images acquired using a
LSM980-Airy microscope (Zeiss) equipped with an Airy detector2, 405 nm excitation

wavelength, 2% laser power and a 40x water objective.

Native mass spectrometry

Mass spectra were acquired on a Micromass LCT ToF modified for analysis of intact protein
complexes (MS Vision, The Netherlands) equipped with an offline nanospray source. ESI
capillaries were purchased from Thermo. The capillary voltage was 1.5 kV, the cone voltage

50V, and the RF lens 1.5 kV. The pressure in the ion source was maintained at 9.0 mbar. lon



mobility mass spectra were acquired on a Waters Synapt G2 travelling wave ion mobility mass
spectrometer (Waters, UK) equipped with an offline nanospray source. The capillary voltage
was 1.5 kV, the source presure was 8 mbar, and the source temperature was 30 °C. The
collision energy in the ion trap was 10 V. Wave height and wave velocity were 12 V and 350
m/s in the IMS cell and 10 V and 248 m/s in the transfer. IMS gas was nitrogen with a flow of

30 mL/min. Spectra were visualized using MassLynx 4.1 (Waters, UK).

Thioflavin T assay

Aggregation kinetics were monitored in bulk solution by measuring total ThT fluorescence at
an excitation wavelength of 448 nm and an emission wavelength of 485 nm using a SPARK
20M plate reader (Tecan). The bandwidths were set to 5 nm and the gain to 150. All
measurements were conducted at 28°C, without agitation. 50 uM protein solutions were
prepared with 10 yM ThT in 50 mM KPi (pH 8), 50 mM KPi (pH 5), 500 mM KPi (pH 8) and
500 mM KPi (pH 5.1 — to keep the final pH equal to 50 mM pH 5 buffer conditions after adding
protein solutions) in black half-area 96-well polystyrene microplates with a transparent bottom
(Corning). The reactant volume of each replicate was 80 pl and the plates were sealed with

transparent cover film to avoid evaporation.

Molecular Dynamics Simulations

The initial structure of the linker peptide (Ac-GSGNSVTSGGYGYGTSAAAGAGV-NHz) was
generated in an extended conformation using the TLEAP module of AMBER 18%and subjected
to a short simulation of 200 ps in vacuum . It was then used to set-up a four-copy peptide
system and placed in the centre of a truncated octahedral box whose dimension was fixed by
setting a minimum distance of 6 A between any peptide atom and the box boundaries. The
force-field parameters of monohydrogen phosphate (HPO4%) ion with bcc charges was
derived using the GAFF2 force-field through the ANTECHAMBER* module of AMBER 18. The
number of monohydrogen phosphate ions equivalent to 0.5 M (90) and 0.05 M (10)
concentration respectively was computed based on the volume (~ 296256 A®) of the primary
simulation box holding the four-peptide system. The program packmol® was then used to
generate the initial distribution of the phosphate ions within a sphere of radius 30 A from the
centre-of-mass (COM) of the peptides and subsequently solvated with OPC water model®.
Molecular dynamics simulations were carried out using the PMEMD module of AMBER 18
with ff19SB force-field parameters’. Both the systems were energy minimized, heated,
equilibrated, and finally simulated for 1 ys each under NPT (300 K and 1 atm) conditions.
Hydrogen-mass repartitioning® was applied, and the equation of motion was solved with an

integration time step of 4 fs. The regulation of thermodynamic variables (temperature and



pressure), calculation of electrostatic interactions and treatment of hydrogen containing bonds

were implemented as previously described by Christopher et. al®.
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Supplementary Figures
a

2repCT 2repCT
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NT2rep
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Figure S1. DroProbe images of LLPS and end points of the NT2RepCT variants. (a) Droplet
formation of 2RepCT (lacking the NTD) and (b) of NT2Rep (lacking the CTD) show that the
CTD increases droplet formation at earlier time points. (c) Droplet formation end points for the
NT2RepCT variants shown in Figure 1c. Scale bars are 25 ym (a and b) and 10 uM (c).
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Figure S2. LLPS and native MS of NT2RepCT variants. (a) DroProbe images of freshly
dissolved NT2RepCT (Y to F) show the onset of droplet formation between 0.1 and 0.5 M
ammonium citrate (top), around 0.5 M ammonium acetate (middle), and between 1 M and 2
M ammonium bicarbonate (bottom). Scale bars are 25 uM. (b) Native MS of wild-type
NT2RepCT (top), Y to F (middle) and Y to F + R to L (bottom) in 0.1 M ammonium acetate.
No significant differences can be observed regarding the distribution of compact dimers
around the 14+ charge state, and unfolded monomer/dimer mixtures (grey area). (c) Mass
spectrum of NT2RepCT (Y to F) in 0.3 M ammonium acetate shows an intermediate
distribution of monomers and dimers compared to the spectra in 0.1 M and 1 M (see main
Figure 2b). (d) The arrival time distribution for the 15+ charge state of the NT2RepCT dimer
shows a similar increase in 1 M ammonium acetate compared to 0.1 M as observed for the
14+ dimer (see main Figure 2b). (e) Mass spectra of NT2RepCT (Y to F) in 1 M ammonium
bicarbonate reveals complete unfolding and monomerization.
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Figure S3. Structural features of the CTD. (a) DroProbe analysis shows that the isolated full-
length CTD forms small aggregates in 0.5 M potassium phosphate within 60 minutes, whereas
the truncated CTD does not. Scale bars are 25 uM. (b) Native mass spectra of full-length CTD
(top) and truncated CT (bottom) at pH 5 show a shift to higher charge states, indicating partial
unfolding, but no difference in the monomer/dimer ratio. (c) The conserved charge cluster at
the core of the CTD connects two amyloidogenic regions (shown in red) PDB ID 2MFZ. One
protomer is rendered as pipes, the other as grey surface. The acidic residues are predicted to
become partially protonated as the pH is lowered to 5 (dashed line). (d) Electrostatic surface
representation of the CTD dimer shown in panel c. (e) Representative snapshots from all-atom
MD simulations of four copies of the amyloidogenic region of the linker in 0.05 M (top panel)
and 0.5 M phosphate (middle panel). At high phosphate concentration, the peptides associate
into small oligomers driven mainly via hydrophobic interactions and tyrosine stacking (bottom
panel). The average distances between the combined centers of mass of the linker peptides
are shown below.

Movie S1. Light microscopy of NT2RepCT"" droplets after 30 min in 0.5 M potassium
phosphate shows individual droplet fusion events.



