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Additional Figures and Movies

Figure Sl 1. Schematic drawing of the home-built high-pressure cell for microscopy imaging.
Pressure was generated hydrostatically by a high-pressure hand pump with water as pressure-
transmitting fluid. Flat diamond windows were used as optical window material on both sides.
The design fits to a standard inverted microscope with off-the-shelf long-distance microscope
objectives.
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Figure SI 2. Binding isotherms obtained from the titration of PSD 95 labeled with Alexa 405

with SynGAP labeled with Alexa 488 at the hydrostatic pressures reported. The temperature
was set at 25 °C.

Movie 1. Light microscopy data in the bulk phase of 90 uM human SynGAP/PSD-95 system
(50 mM TRIS, 150 mM NaCl, pH 7.4) during pressure release at T = 25 °C.

Details of a Gelation-Type Model for SynGAP/PSD-95 phase separation
1



As discussed in the main-text, because of the structural specificity of SynGAP/PSD-95
binding,5' we construct a Semenov-Rubinstein-type gelation models? with the following
considerations: (i) For simplicity, the only polymer species in the model is a generic
SynGAP/PSD-95 complex, which may be loosely identified with the one with a 3:2
stoichiometry that has been deduced experimentally.S? (ii) Because individual SynGAP and
PSD-95 molecules are largely folded, the polymers in the model are taken to possess limited
structural flexibility. Accordingly, each polymer consists of only a small number, N, of monomer
units, with each monomer unit representing an essentially rigid section of the generic complex
consisting of many amino acid residues. (iii) Let V be the volume of such a monomer unit in
the model and V, be the volume of the polymer representing the generic SynGAP/PSD-95
comple, it follows that V = V,/N. (iv) Each polymer has f = 4 “stickers”, which correspond
roughly to the two PDZ3 and two GK domainsS! in a 3:2 SynGAP/PSD-95 complex. For
simplicity, we do not distinguish between these two different domains and treat all stickers
equally. Under these assumptions, the free energy per unit volume in units of ksT, where kg is
Boltzmann constant and T is absolute temperature, is given byS2

FU®.p) = (¢/N) In(¢) + (1 - ¢) In(1 - ) + (df/N){r(¢,p)/2 + In[1 ~ r(¢,p)]} ,

where ¢ is protein (polymer) volume fraction, p is pressure in units of bar, and r(¢p,p) is the
fraction of stickers that form pairs. Following ref. S2,

r(¢.p) = 1 - {[4pfA(p)/N +1]2 - 1}/[2¢fA(p)/N] ,

where A(p) = 1/[Ka(p)V] is the Boltzmann factor for the formation of a sticker pair, with Kq(p)
being the pressure-dependent dissociation constants in Table 1 of the main text. The phase
diagrams (coexistence curves) in Figure 7a of the main-text were obtained from the F.(¢,p)
expression above using standard methods.S* By definition, the free energy F per polymer
(protein complex) at pressure p is given by F(¢)[p = NksT F(¢p,p)/d. In addition to the free
energy profiles F(¢,p) - dF(1,1) = F\(d,p) + 8.552¢ used in Figure 7b of the main-text (which
applies the same subtraction ¢F,(1,1) to all p’s), we also considered F(d)[p — dF(1)]p - (1 -
®)F(0)], (which has all p-dependent pure-phase contributions subtracted) and used the local

minima and maxima along these alternate free energy profiles to obtain the slightly different
estimates of 6V.oid/Vp provided by the dashed lines in Figure 7c of the main-text.
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