Supporting Information for “Liquid-liquid Phase
Separation as the Second Step of Complex

Coacervation”

Aditya N. Singh and Arun Yethiraj*

Theoretical Chemistry Institute and Department of Chemistry, 1101 University Avenue,

Unwversity of Wisconsin-Madison, Madison, Wisconsin 53703

E-mail: yethirajOwisc.edu

— &arn—arn =1.0nm 1ol —— &Eapn-arn =1.0nm
—— &arn—arn =3.5nm —— &arn—arn =3.5nm

9(R)
9(R)

Figure S1: Average pair correlation function between the charged residues of the Arginine and
(a) Cholride ion, and (b) Oxygen atoms of the water molecules, in the pR-pR system.
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Figure S2: Hydrogen bonds between pY residues, between pY residues and water, and total
hydrogen bonds as a function of the reaction co-ordinate.

To ensure the convergence of the umbrella sampling calculations, an extended simulation
is run for the pY-pR system in the absence of salt at temperature 7" = 280 K. As before,
a total of 30 windows spaced 0.1 nm apart from 0.5 to 3.5 nm are used along the reaction
coordinate £4rn_1yr. Each window is run for a total of 90 ns, which equals to a total simu-
lation time of 2.7 us. The simulations in all windows are then divided into three blocks (0-30
ns, 30-60 ns, 60-90 ns) and the PMF is calculated for each one of these blocks. The standard
deviation is calculated by the histogram bootstrapping analysis (a total of 200 bootstraps are
used). The results depicted in Fig|3[show a good quantitative agreement between the PMFs
at different time blocks. The PMFs at different times are within one standard deviation of

each other, from which we conclude that the umbrella sampling simulations have converged
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within the first 30 ns.
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Figure S3: Potential of mean force obtained from an extended simulation of the pY-pR system in
the absence of excess salt at temperature T' = 280 K. Each window is run for 90 ns, and the total
simulation time is 90 x 30 = 2.7 us. The PMF is calculated by block-averaging — each window
is divided into 3 blocks (0-30, 30-60, and 60-90 ns) and the PMF is calculated for each of these
blocks. A total of 200 bootstraps are used for the histogram bootstrapping analysis to calculate
the standard deviation.

To ensure that the polypeptides are sufficiently sampling all configurations in 30 ns,
the end to end distance and the radius of gyration autocorrelation functions are computed
for both pY and pR in the window at temperature 7' = 280 K in which the distance of
separation between them (£4ry_7yr) is 0.8 nm. An exponential curve is fit to the data
to get an estimate of the relaxation time. The result presented in Fig 4| show that the

autocorrelation decays quickly relative to the simulation time. The relaxation time for the
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end to end distance is found to be 296.64 ns for pY and 140.74 ns for pR. The relaxation
time for the radius of gyration is found to be 467.00 ps for pY and 318.18 ps for pR. Hence,
in the worst case scenario, the simulations are run for =~ 64 times the relaxation time of
the polypeptides, which is more than sufficient to give a proper quantitative estimates of
the quantity of interest. These results backed by the extended PMF calculations strongly
suggest that 30 ns is adequate to sample all the relevant conformations of polypeptides and

obtain a converged umbrella sampling calculation.
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Figure S4: Autocorrelation function for pY and pR at temperature T' = 280 K and distance of
separation £ 4ry_7yvr = 0.8 nm. The system has no excess salt.

Similar simulation times are used in other simulations for the PMF in biological’™ For
instance, Razzokov et al.¥ perform a 20 ns (per window) umbrella sampling calculation to
study the aggregation of a3 pentamer. Fabian & Zacharlas? estimate binding energies of
proteins by performing umbrella sampling calculations for 32 ns per window. Mills and An-
dricioaei® develop an experimentally guided methodology to efficiently sample biomolecules,
in which they use a normal umbrella sampling calculation run for 20 ns per window as a ref-
erence. Bagai et al.# study the aggregation of DNA molecules by performing US calculations

of 20 ns per window.
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