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Supplementary Table 1: Monte Carlo move sets for simulations.

Probability of
Choosing a Move for

Move Sets Multi-Chain

Simulations
Local Moves 0.51
Multi-local Moves 0.17
Slithering Snake Moves 0.03
Translational Moves 0.03
Pivot Moves 0.09
Double Pivot Moves 0.17

Supplementary Table 2: Protein constructs and their associated sequences. The FUS-LCD
sequences used in simulations differs from that used in in vitro studies due to an N-terminal GS
overhang that is a product of the in vitro purification method. The A1-LCD sequences used in vitro
and in simulations contain this overhang, as these were the sequences used previously '. Amino
acid residues are color-coded as follows: Polar — green, positively charged — blue, negatively
charged — red, aromatic — gold, proline — pink. Methionine and alanine are colored black.

Construct Amino acid sequence

WT AL-LCD (137 |SSMASASSSORGRSGSGN ! GGGRGGGT GGNDNI GRGGN SGRGGI GGSR
y GGGGYGGSGDGYNGFGNDGSNFGGGGS YNDFGNYNNQS SNFGPMKGGN
residues) GGRSSGGSGGGGQY FAKPRNOGGYGGSSSSSSYGSGRR

GSMASADSSQRDRDDSGNEFGDGRGGGE GGNDNEGRGGNE SDRGGEGGSR
GDGGYGGDGDGYNGEGNDGSNEGGGGSYNDEGNYNNQSSNEDPMKGGN
GDRSSGPYDGGGQYFAKPRNOGGYGGSSSSSSYGSDRR

WT A1-LCD +12D
(137 residues)
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MASNDYTQOATQSYGAYPTQPGOGYSQOSSQOPYGOQSYSGYSQSTDTSG
FUS-LCD (214 GOSSYSSYGQSONTGYGTQSTPQGYGSTGGYGSSQSSQSSYGQQSSYP
residues; used in |GYGQQPAPSSTSGSYGSSSQSSSYGQPQSGSYSQQOPSYGGOQQSYGOQQ

simulations) SYNPPQGYGQONQYNSSSGGGGGGGGGGNYGQDQSSMSSGGGSGGGYGN
QDQSGGGGSGGYGQODRG

GSMASNDYTQQATQSYGAYPTQPGOGYSQQOSSQPYGOOSYSGYSQSTDT
FUS-LCD (216 |SGYGQSSYSSYGQSQONTGYGTQSTPQOGYGSTGGYGSSQSSQSSYGQQOSS
residues; used for in|YPGYGQQPAPSSTSGSYGSSSQSSSYGQPQSGSYSQQPSYGGQOOSYGO
vitro studies) QOSYNPPQGYGQONQYNSSSGGGGGGGGGGNYGQDQSSMSSGGGSGGG

GNQDQSGGGGSGGYGQODRG
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Supplementary Figure 1: Computed, low concentration arm of the binodal for mixtures of A1-LCD labeled as Type
A or Type B at a fixed simulation temperature of 50. The black dashed line connects the intrinsic csat of A1-LCD Type
A to the intrinsic csat of A1-LCD Type B and is shown to indicate the expected shape of the low concentration arm of
the binodal if heterotypic interactions are on par with homotypic interactions. n = 3 independent simulations with
random starting seeds. Error bars are standard errors about the mean. Where error bars are invisible, they are smaller
than the marker size. Source data are provided as a Source Data file.
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Supplementary Figure 2: Computed, low concentration arm of the binodal for mixtures of FUS-LCD (+) and Al-
LCD at a fixed simulation temperature of 50. Here, FUS-LCD (+) is a variant of FUS-LCD that is prescribed to have
the same net charge per residue as A1-LCD. The black dashed line connects the intrinsic csat of FUS-LCD (+) to the
intrinsic csat of A1-LCD and is shown to indicate the expected shape of the low concentration arm of the binodal if
heterotypic interactions are on par with homotypic interactions. n = 3 independent simulations with random starting
seeds. Error bars are standard errors about the mean. Where error bars are invisible, they are smaller than the marker
size. Source data are provided as a Source Data file.
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Supplementary Figure 3: Data show uncropped and unprocessed SDS-PAGE for A1-LCD, A1-LCD +12D, and
FUS-LCD. FUS-LCD stains faintly with SimplyBlue stain due to low basic residue content. It also appears at a higher-
than-expected molecular weight (MW). The intact mass analysis for FUS-LCD shows a MW of 21,697 Da, in line
with the expected monomer mass. SEC and DLS data also confirm the expected size of the FUS-LCD.
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Supplementary Figure 4: (A), (B) Tie lines extracted from simulations of phase separation in mixtures of FUS-LCD
and A1-LCD +12D. The simulation temperature is 50 in reduced units (see Supplementary Material). (A) This plot
includes the dilute phase concentrations, the total (input) concentrations, and the dense phase concentrations. (B) This
plot shows only the dilute phase concentration and total concentrations. (C) Computed slopes of the tie lines in (B)
connecting dilute phase concentrations to the total concentrations and the total concentrations to the dense phase
concentrations. n = 10 independent simulations with random starting seeds. Error bars in panels (A) and (B) are
standard deviations about the mean. Total system concentrations do not have error bars. Otherwise, where error bars
are invisible, they are smaller than the marker size. Source data are provided in the Source Data file.
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Supplementary Figure 5: (A-D) Relative interaction energies (left column) and values of L:; (see text) as a function
of simulation temperature for a 3:1 mixture of A:B (central column) and a 1:3 mixture of A:B (right column). (A)
Homotypic and heterotypic interactions are all equivalent. (B) Heterotypic interactions are stronger than homotypic
interactions. (C) Homotypic interactions are stronger than heterotypic interactions. (D) Homotypic A-A interactions
are weaker than homotypic B-B interactions and heterotypic A-B interactions, which are equivalent. n =5 independent
simulations with random starting seeds. Error bars for the values of L, are standard errors about the mean, though
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they are typically smaller than the marker size. Source data are provided as a Source Data file.
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Supplementary Figure 6: Phase boundaries and crosslinking parameters of mixtures of homopolymers with
different lengths and interactions. (A-C) Relative interaction energies (left column), phase diagrams (middle
column), and crosslinking parameters for equal volume fraction mixtures (right column) of 2 or 3 homopolymers of
various lengths and interaction matrices. (A) Mixture of a 150-monomer polymer and a 300-monomer polymer where
homotypic and heterotypic interactions are equivalent. (B) Mixture of a 150-monomer polymer and a 300-monomer
polymer where relative interaction strengths are chosen such that the phase diagrams of the two polymers overlay. (C)
Mixture of a 200-monomer polymer, a 300-monomer polymer, and a 400-monomer polymer where homotypic and
heterotypic interactions are equivalent. Phase diagrams are shown for individual polymers as well as for equal volume
fraction mixtures of the relevant polymers. n = 5 independent simulations with random starting seeds. Error bars are
standard errors about the mean. Source data are provided as a Source Data file.
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