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Figure 12. Tc as a function of length for sequences with different domain sizes. Mean , SD over three
replicates. (Temperature uncertainties are too small to see.) The Tc hierarchy is preserved across sequence
lengths. Thus domain size is a robust predictor of phase separation via its relationship with self-bond entropy.

Figure 13. Using the “Sticky Rouse Model” for unentangled polymer dynamics in a melt with cross-links
(Rubinstein and Semenov, 2001 ), the dense-phase diffusivity D = m2

� bt
, where m is the monomer size and

� b = � 0 exp.�� / is the bond lifetime, is plotted as a function of scaled temperature. For all sequences, lower
temperatures correspond to higher densities and slower polymer diffusion. Importantly, the sequences with
large domain sizes and many trans-bonds (e.g. l = 12 and l = 6) have smaller D , in spite of their lower
density. This coincides with the viscosity results in Fig. 4 of the main text, where the trans-bonds dominate
the physical properties of the droplet. Color bar: droplet density.

17 of 19

.CC-BY-NC-ND 4.0 International licenseavailable under a
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprintthis version posted March 8, 2021. ; https://doi.org/10.1101/2020.09.24.312330doi: bioRxiv preprint 



Manuscript submitted to eLife

References458

Alberti S, Gladfelter A, Mittag T. Considerations and challenges in studying liquid-liquid phase separation and459

biomolecular condensates. Cell. 2019; 176(3):419–434.460

Banani SF, Lee HO, Hyman AA, Rosen MK. Biomolecular condensates: organizers of cellular biochemistry.461

Nature Reviews Molecular Cell Biology. 2017; 18:285–298.462

Boeynaems S, Alberti S, Fawzi NL, Mittag T, Polymenidou M, Rousseau F, Schymkowitz J, Shorter J, Wolozin B,463

Van Den Bosch L, Tompa P, Fuxreiter M. Protein phase separation: a new phase in cell biology. Trends in464

Cell Biology. 2018; 28(6):420–435.465

Brangwynne CP, Tompa P, Pappu RV. Polymer physics of intracellular phase transitions. Nature Physics. 2015;466

11(11):899–904.467

Das RK, Pappu RV. Conformations of intrinsically disordered proteins are influenced by linear sequence468

distributions of oppositely charged residues. Proceedings of the National Academy of Sciences. 2013;469

110(33):13392–13397.470

Das S, Amin AN, Lin YH, Chan HS. Coarse-grained residue-based models of disordered protein condensates:471

utility and limitations of simple charge pattern parameters. Physical Chemistry Chemical Physics. 2018;472

20(45):28558–28574.473

De Gennes PG. Scaling concepts in polymer physics. Cornell University Press; 1979.474

Ditlev JA, Case LB, Rosen MK. Who’s in and who’s out—compositional control of biomolecular condensates.475

Journal of molecular biology. 2018; 430(23):4666–4684.476

Frenkel D, Smit B. Understanding Molecular Simulation: From Algorithms to Applications. 2 ed. San Diego477

Academic Press; 2002.478

Hicks A, Escobar CA, Cross TA, Zhou HX. Sequence-dependent correlated segments in the intrinsically disor-479

dered region of ChiZ. Biomolecules. 2020; 10(6):946.480

Hnisz D, Shrinivas K, Young RA, Chakraborty AK, Sharp PA. A Phase Separation Model for Transcriptional Con-481

trol. Cell. 2017; 169:13–23.482

Hyman AA, Weber CA, Jülicher F. Liquid-Liquid Phase Separation in Biology. Annual Review of Cell and Devel-483

opmental Biology. 2014; 30:39–58.484

Jain A, Vale RD. RNA phase transitions in repeat expansion disorders. Nature. 2017; 546(7657):243–247.485

Landau DP, Binder K. A guide to Monte Carlo simulations in statistical physics. Cambridge university press;486

2014.487

Langdon EM, Qiu Y, Niaki AG, McLaughlin GA, Weidmann CA, Gerbich TM, Smith JA, Crutchley JM, Termini CM,488

Weeks KM, et al. mRNA structure determines specificity of a polyQ-driven phase separation. Science. 2018;489

360(6391):922–927.490

Li P, Banjade S, Cheng HC, Kim S, Chen B, Guo L, Llaguno M, Hollingsworth JV, King DS, Banani SF, et al. Phase491

transitions in the assembly of multivalent signalling proteins. Nature. 2012; 483(7389):336–340.492

Lin YH, Forman-Kay JD, Chan HS. Sequence-specific polyampholyte phase separation in membraneless or-493

ganelles. Physical review letters. 2016; 117(17):178101.494

McCarty J, Delaney KT, Danielsen SP, Fredrickson GH, Shea JE. Complete phase diagram for liquid–liquid phase495

separation of intrinsically disordered proteins. The journal of physical chemistry letters. 2019; 10(8):1644–496

1652.497

Nott TJ, Petsalaki E, Farber P, Jervis D, Fussner E, Plochowietz A, Craggs TD, Bazett-Jones DP, Pawson T, Forman-498

Kay JD, et al. Phase transition of a disordered nuage protein generates environmentally responsive mem-499

braneless organelles. Molecular cell. 2015; 57(5):936–947.500

Pak CW, Kosno M, Holehouse AS, Padrick SB, Mittal A, Ali R, Yunus AA, Liu DR, Pappu RV, Rosen MK. Sequence501

determinants of intracellular phase separation by complex coacervation of a disordered protein. Molecular502

cell. 2016; 63(1):72–85.503

18 of 19

.CC-BY-NC-ND 4.0 International licenseavailable under a
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprintthis version posted March 8, 2021. ; https://doi.org/10.1101/2020.09.24.312330doi: bioRxiv preprint 

https://doi.org/10.1101/2020.09.24.312330
http://creativecommons.org/licenses/by-nc-nd/4.0/


Manuscript submitted to eLife

Panagiotopoulos AZ, Wong V, Floriano MA. Phase equilibria of lattice polymers from histogram reweighting504

Monte Carlo simulations. Macromolecules. 1998; 31(3):912–918.505

RubinsteinM, Semenov AN. Dynamics of entangled solutions of associating polymers. Macromolecules. 2001;506

34(4):1058–1068.507

Sabari BR, Dall’Agnese A, Boija A, Klein IA, Coffey EL, Shrinivas K, Abraham BJ, Hannett NM, Zamudio AV, Man-508

teiga JC, et al. Coactivator condensation at super-enhancers links phase separation and gene control. Science.509

2018; 361(6400).510

Sawle L, Ghosh K. A theoreticalmethod to compute sequence dependent configurational properties in charged511

polymers and proteins. The Journal of chemical physics. 2015; 143(8):08B615_1.512

Semenov AN, Rubinstein M. Thermoreversible gelation in solutions of associative polymers. 1. Statics. Macro-513

molecules. 1998; 31(4):1373–1385.514

Shin Y, Chang YC, Lee DS, Berry J, Sanders DW, Ronceray P, Wingreen NS, Haataja M, Brangwynne CP. Liquid515

nuclear condensates mechanically sense and restructure the genome. Cell. 2018; 175(6):1481–1491.516

Statt A, Casademunt H, Brangwynne CP, Panagiotopoulos AZ. Model for disordered proteins with strongly517

sequence-dependent liquid phase behavior. The Journal of Chemical Physics. 2020; 152(7):075101.518

Tsypin M, Blöte H. Probability distribution of the order parameter for the three-dimensional Ising-model uni-519

versality class: A high-precision Monte Carlo study. Physical Review E. 2000; 62(1):73.520

Wang J, Choi JM, Holehouse AS, Lee HO, Zhang X, Jahnel M, Maharana S, Lemaitre R, Pozniakovsky A, Drechsel521

D, et al. A molecular grammar governing the driving forces for phase separation of prion-like RNA binding522

proteins. Cell. 2018; 174(3):688–699.523

WildingNB. Simulation studies of fluid critical behaviour. Journal of Physics: CondensedMatter. 1997; 9(3):585.524

Xu B, He G, Weiner BG, Ronceray P, Meir Y, Jonikas MC, Wingreen NS. Rigidity enhances a magic-number effect525

in polymer phase separation. Nature communications. 2020; 11(1):1–8.526

Zhang Y, Xu B, Weiner BG, Meir Y, Wingreen NS. Decoding the physical principles of two-component biomolec-527

ular phase separation. Elife. in press; .528

19 of 19

.CC-BY-NC-ND 4.0 International licenseavailable under a
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprintthis version posted March 8, 2021. ; https://doi.org/10.1101/2020.09.24.312330doi: bioRxiv preprint 

https://doi.org/10.1101/2020.09.24.312330
http://creativecommons.org/licenses/by-nc-nd/4.0/

