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Tables

Table S1: Protein sequences used in simulations

Protein N Sequence

FUSo-43* 44 GMASNDYTQQATQSYGAYPTQPGQGYSQQSSQPYGQQSYSGYSQ

TDP43310-350 41 GMNFGAFSINPAMMAAAQAALQSSWGMMGMLASQQONQSGPS

RNA Pol Il1927-1970 44 SPTYSPTSPKGSTYSPTSPGYSPTSPTYSLTSPAISPDDSDEEN

FUS41-84 44 YSQSTDTSGYGQSSYSSYGQOSONTGYGTQSTPQGYGSTGGYGSS

FUS77-120 44 STGGYGSSQSSQSSYGQOSSYPGYGQQPAPSSTSGSYGSSSQSS

FUS120-163 44 SSYGQPQSGSYSQQPSYGGQOQQSYGQOQOSYNPPQGYGQONQYNS

FUS37-97 61 SYSGYSQSTDTSGYGQSSYSSYGQSONTGYGTQSTPOGYGSTGGYGSSQSSQSSYGQQO
SSY

hnRNPA2190-233 44 GRGGNFGFGDSRGGGGNFGPGPGSNFRGGSDGYGSGRGEFGDGYN
hnRNPA2265-308 44 GNQGGGYGGGYDNYGGGNYGSGNYNDEGNYNQQPSNYGPMKSGN

*a starting glycine is included in FUSo-43 as residue 0

Table S2: Summary of simulations performed using ffO9SBws, where N is the number of
residues in given protein or peptide.

Protein N Enhanced Sampling Total simulation time Simulation time analyzed
(ns/replica) (ns/replica)
TDP43310-350 41 PT-WTE 200 150
FUSo-43 44 PT-WTE 200 150
FUS41-84 44 PT-WTE 200 150
FUS77-120 44 PT-WTE 200 150
FUS120-163 44 PT-WTE 200 150
FUSs7-9o7 61 PT-WTE 200 150
hnRNPA2190-234 44 PT-WTE 200 150
hnRNPA2256-308 44 PT-WTE 200 150
RNA Pol ll1927-1970 44 PT-WTE 200 150
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Table S3: Summary of simulations performed using ff03ws, where N is the number of residues
in given protein or peptide.

Protein N Enhanced Sampling Total simulation time*  Simulation time analyzed*
(ns/replica) (ns/replica)
TDP43310-350 41 PT-WTE 200 150
FUSo-43 44 PT-WTE 200 150
FUS41-84 44 PT-WTE 200 150
FUS77-120 44 PT-WTE 200 150
FUS120-163 44 PT-WTE 200 150
hnRNPA2190-234 44 PT-WTE 200 150
hnRNPA2256-308 44 PT-WTE 200 150
RNA Pol Il1927-1970 44 PT-WTE 200 150

Table S4: Summary of simulations performed using modified force fields. All simulations were
performed for a total of 200 ns per replica, and analysis conducted on the last 150 ns.

Ky Ky,s ky, kyo  Simulated peptides
(kd/mol) (kd/mol) (kd/mol) (kJ/mol)
ffo9SBws 2.00 2.00 2.00 2.00 FUSo-43, TDP-43310-350, RNA Pol Il1927-1970
ffo9SBws-S 2.00 1.00 2.00 2.00 FUSo-43
ffo9SBws-T 2.00 2.00 1.00 2.00 FUSo-43
ffo9SBws-ST 2.00 1.00 1.00 2.00 FUSo-43, TDP-43310-350, RNA Pol Il1927-1970
ffo9SBws-TQ 2.00 2.00 1.00 1.00 FUSo-43, TDP-43310-350, RNA Pol Il1927-1970
ffO9SBws-STQ 2.00 1.00 1.00 1.00 FUSo-43, TDP-43310-350, RNA Pol Il1927-1970
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study), and ffo9SB-disp.

Table S5: Root-mean-squared deviation (RMSD) of simulated AdCq, AOCp, AOCq— AdCs (in ppm) from
NMR '3C chemical shifts of three IDPs for ffo9SBws, modified ffo9SBws variants (S,T,ST,TQ,STQ) (this

ASCq — ABCp FUSo-43 TDP-43310-350 RNA Pol ll1927-1970
ffo9SBws 0.90 £ 0.11 0.64 £ 0.09 0.68 +0.11
ffo9SB-disp 0.90 £ 0.11 0.78 £ 0.07 0.74 £ 0.11
ffo9SBws-S 0.86 £ 0.10
ffo9SBws-T 0.98+0.13
ffo9SBws-ST 0.64 £ 0.07 0.71+£0.08 0.74 £ 0.08
ffo9SBws-TQ 0.62 +0.08 0.66 + 0.06 0.71+0.10
ffo9SBws-STQ 0.54 £ 0.07 0.51£0.04 0.74 £0.08

ASCq FUSo-43 TDP-43310-350 RNA Pol ll1927-1970
ffo9SBws 0.58 £ 0.07 0.43+0.06 0.67 £0.11
ffo9SB-disp 0.59 £ 0.07 0.54 £ 0.05 0.62 +0.09
ffo9SBws-S 0.51 £ 0.06
ffo9SBws-T 0.61+£0.08
ffo9SBws-ST 0.41+£0.04 0.41+£0.04 0.62 +0.08
ffo9SBws-TQ 0.36 £ 0.05 0.40 £0.04 0.64 £ 0.09
ffo9SBws-STQ 0.37 £ 0.04 0.36 £ 0.03 0.62 +0.08

ASCp FUSo-43 TDP-43310-350 RNA Pol ll1927-1970
ffo9SBws 0.43+0.05 0.42 £0.05 0.51 £ 0.06
ffo9SB-disp 0.39+£0.05 0.39£0.06 0.44 £0.11
ffo9SBws-S 0.45 +0.06
ffo9SBws-T 0.44 £0.05
ffo9SBws-ST 0.37 £0.04 0.44 £0.05 0.47 £0.10
ffo9SBws-TQ 0.40 £ 0.05 0.41 £0.06 0.42 £0.11
ffo9SBws-STQ 0.34 £0.04 0.34 £ 0.06 0.47 £0.10




Protein sequences used in NMR experiments

FUS Low Complexity domain FUS1-163 (BMRB 26672)"

MASNDYTQQATQSYGAYPTQ PGQGYSQQSSQPYGQQSYSG YSQSTDTSGYGQSSYSSYGQ
SONTGYGTQSTPQGYGSTGG YGSSQSSQSSYGQQSSYPGY GQQPAPSSTSGSYGSSSQSS
SYGQPQSGSYSQQPSYGGQQ QSYGQQQSYNPPQGYGQQONQ YNS

(163 residues)

TDP-43 Wild Type Low Complexity C-terminal domain TDP43267-414 (BMRB 26823)2

GHMNRQLERSGRFGGNPGGE GNQGGEFGNSRGGGAGLGNNQ GSNMGGGMNFEGAFSINPAMM
AAAQAATLQSSWGMMGMLASQ ONQSGPSGNNONQGNMQOREP NQOAFGSGNNSYSGSNSGAAT
GWGSASNAGSGSGENGGEFGS SMDSKSSGWGM

(151 residues)

RNA Pol Il C-terminal Domain 27-52 RNA Pol ll1770-1970 (BMRB 27063)3

GHMSPNYTPTSPNYSPTSPS YSPTSPSYSPTSPSYSPSSP RYTPQSPTYTPSSPSYSPSS
PSYSPASPKYTPTSPSYSPS SPEYTPTSPKYSPTSPKYSP TSPKYSPTSPTYSPTTPKYS
PTSPTYSPTSPVYTPTSPKY SPTSPTYSPTSPKYSPTSPT YSPTSPKGSTYSPTSPGYSP
TSPTYSLTSPAISPDDSDEE N

(201 residues)
hnRNPA2 low complexity domain 190-341 hnRNPA2190-341 (BMRB 27123)*

GHMGRGGNFGFGDSRGGGGN FGPGPGSNEFRGGSDGYGSGR GEGDGYNGYGGGPGGGNEGG
SPGYGGGRGGYGGGGPGYGN QGGGYGGGYDNYGGGNYGSG NYNDEGNYNQQOQPSNYGPMKS
GNEFGGSRNMGGPYGGGNYGP GGSGGSGGYGGRSRY

(155 residues)

The residues in italics correspond to TEV-cleavage and cloning “scar” residues not present in
the native sequences.
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Figure S1. (a) a-helix propensities and (b) Chemical shifts AOCq —
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ASCp of TDP-43310-350 and FUSo-43

using all-atom force fields ff99SBws, ff03ws, and ff99SB-disp, compared to experimental results.
Chemical shifts are calculated from protein structure using SPARTA+ algorithm. Secondary structures are
assigned by DSSP. Experimental values of secondary structure propensities are calculated from NMR

chemical shifts using the 82D program.
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Figure S2. (a) Comparison of Root-mean-squared deviation (RMSD) of simulated 8Ca -8Cg (in ppm) from
NMR '3C chemical shifts (RMSD) of simulated sequences and (b-d) chemical shift deviation from the
experiment A(AOCa—ASCg) with ff99SBws and modified force fields (see legend).
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Figure S3. Secondary structure propensities of FUSo-43, TDP-43310-350, and RNA Pol ll1927-1970 with
ffO9SBws, ff99SBws-STQ (this study) and ff99SB-disp, compared to 62D secondary structure propensities
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Figure S4. Intrachain residue-to-residue contact propensities in FUSo.43 and TDP-43310-350 with ff99SBws
and ff99SBws-STQ (this study). Two residues are considered in contact when any heavy atoms from
each of the residue are within 6 Angstrom in simulation. Contact propensities are the proportion of frames
in simulation where two residues are in contact, with contact propensity = 1 being always in contact.
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Figure S5. Change in Intrachain residue-to-residue contact propensities in FUSo-43 and TDP-43310-350 from
ffO99SBws to ff99SBws-STQ (this study) Two residues are considered in contact when any heavy atoms
from each of the residue are within 6 Angstrom in simulation. Contact propensities are the proportion of
frames in simulation where two residues are in contact, with contact propensity = 1 being always in
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Figure S7. DSSP secondary structure as a function of simulation time for each demultiplexed replica

moving through the temperature space of FUS¢43 with ff99SBws-STQ (this study).
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Figure S8. DSSP secondary structure as a function of simulation time for each demultiplexed replica
moving through the temperature space of TDP-43s10-350 with ff99SBws-STQ (this study).
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