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Supplementary Methods 
 
Molecular Dynamics 
In order to elucidate the physical mechanisms underlying the plugging effect of stress granules (SG) 
observed in vivo and in vitro upon membrane poration we performed Molecular Dynamics (MD) 
simulations of model lipid vesicles embedded in a protein-rich medium undergoing controlled poration. 
We consider a system consisting of a model lipid vesicle1 separating the simulation box in two 
compartments with different particle compositions. The membrane is made of particles of size 𝜎 (the 
MD unit of length) interacting according to parameters 𝜖 = 4.34	𝑘!𝑇, 𝑟" = 1.12	𝜎, 𝜁 = 	4, 𝜇 = 3, 𝜃 =
0, 𝑟# = 2.6	𝜎, following the original model notation1. To model the different conditions of the 
endosomal lumen and cytoplasmic protein solution we consider two different types of particles inside 
and outside of the vesicle (particles labelled as Solute and Protein respectively). All particles in the 
system have size 𝜎 and interact with one another and with the membrane via a cosine-squared potential 
with a Weeks-Chandler-Andersen (WCA) repulsive tail (see Equation 1)2. This type of potential can 
create gas, liquid or crystalline phases depending on the strength of the interaction 𝜖 and the cutoff 
distance 𝑟# (note for example that for 𝑟# = 𝑟$ only the repulsive part of the potential remains) which 
makes it well suited to capture the different behaviour of the protein solution in the cytoplasm and the 
endosomal lumen. As shown in the table below, most interactions are purely repulsive to model the 
dissolved phases of the inner and outer lumen (Solute-Solute and Protein-Protein) respectively and to 
prevent mixing through a closed membrane (Solute-Membrane). To explore the effects of condensate 
formation upon mixing of the two solutions and how membrane wetting by the condensate droplets 
affects the process, we introduce two parameters, 𝜖%%&' and 𝜖()*, that control the Solute-Protein and 
the Protein-Membrane interactions (see table below). In this way, depending on the value of 𝜖%%&', 
protein solution particles will phase-separate into liquid droplets when mixed with lumen particles 
(𝜖%%&' = 1.5	𝑘!𝑇) or remain dissolved (𝜖%%&' = 0.0	𝑘!𝑇). Similarly, by varying the strength of the 
interaction between protein and membrane particles (𝜖()* < 1	𝑘!𝑇), we can explicitly control the 
wetting capacity of the droplets. Finally, note that if 𝜖%%&' = 0	𝑘!𝑇 or 𝜖()* = 0	𝑘!𝑇 then we set 𝜖 =
1	𝑘!𝑇, 𝑟# = 𝑟$, 𝛼 = 0 for the corresponding interactions to preserve the repulsive part of the potential. 
Otherwise, 𝛼 = 1 and 𝜖 = 𝜖%%&' or 𝜖 = 𝜖()*. In Equation 1 we define the interaction potential, and we 
present the specific parameters controlling the interaction between the different particles in the table 
below. 
 
Equation 1: Particle interaction potential. Weeks-Chandler-Andersen term for steric interactions and 
cosine/squared term for attraction 
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We performed MD simulations of this system for different degrees of poration on the vesicle (different 
pore radii 𝑟1) and different ranges of protein-solute and protein-membrane interactions (𝜖%%&', 𝜖()*) to 
explore the effects droplet formation and wetting have on mixing through the membrane pore. Initially, 
our model membrane consists of 𝑁")" = 4322 particles, each representing a bilayer portion of around 
10 nm in size (𝜎 = 10 nm), which results in a vesicle of ~400 nm in diameter. After relaxation, we 
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introduce solute and protein particles in the system at different volume fractions (𝑝23 = 0.7, 𝑝45* = 0.4, 
resulting in a hypoosmotic shock) and artificially create a pore of radius 𝑟1 ∈ [80,140] nm by removing 
a portion of the membrane. Note that a hypoosmotic shock is required to put the vesicle under tension 
stress and inhibit spontaneous sealing of the pore. In this setup, we then let the system evolve under 
different conditions for droplet formation (controlled by 𝜖%%&') and wetting (controlled by 𝜖()*). 
Further, in order to explore the effects of protein concentration, we systematically varied the amount of 
protein particles in the outer lumen while keeping a constant packing fraction (thus maintaining the 
osmotic conditions) by replacing a fraction of these particles by non-interacting solute particles. We 
evolve our system following Langevin dynamics (damping factor of 1𝜏, where 𝜏 is the MD unit of time) 
at constant volume and constant total number of particles. To integrate the system, we used a timestep 
of d𝑡 = 0.01𝜏. For each set of parameters S𝑟1, 𝜖%%&', 𝜖()*T we simulate 𝑁6)1 = 10 replicas to obtain 
statistically relevant results. All simulations were performed using the LAMMPS Molecular Dynamics 
package3. 
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Supplementary Table 1- Information on the interaction parameters following Equation 1 
 

Interacting pair 𝜖 [𝑘!𝑇] 𝑟$ [𝜎] 𝑟# [𝜎] 𝛼 

Solute – Solute 1 1 1 0 

Solute – Protein 𝜖%%&' 1 2.5 1 

Solute – Membrane 1 1.5 1.5 0 

Protein – Protein 1 1 1 0 

Protein – Membrane 𝜖()* 1.5 3.75 1 
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Supplementary Videos: 

Video S1. Live-cell imaging sequence showing the stress granules response of iPSDM 
expressing G3BP1-GFP (magenta) and GAL-3-RFP (green) treated with 1mM of LLOMe. 
Time frame = 20 s. Images are z-stack maximum intensity projections. Video related to Fig. 
1a. 

Video S2. Live-cell imaging sequence showing the stress granules response of iPSDM 
expressing G3BP1-GFP (magenta) and GAL-3-RFP (green) treated with 1mM of LLOMe. 
Time frame = 20 s. Images are z-stack maximum intensity projections. Video related to Fig. 
1a. 

Videos S3-S7. Zoom-in live-cell imaging examples from the videos shown before (Videos S1 
and S2) highlighting G3BP1-GAL-3 interactions. Arrowheads illustrate the polarised 
distribution of G3BP1 (plug pattern) and how the condensates and membrane damage 
recognition by GAL-3 simultaneously increases over time. Videos related to Fig. 1a. 

Video S8. Live-cell imaging sequence showing the stress granules response of iPSDM 
expressing G3BP1-GFP (magenta) and GAL-3-RFP (green) treated with 1mM of LLOMe. 
Time frame = 1 s. Images show one z-section of 150nm. Scale bar: 2µm. Video related to Fig. 
1h. 

Video S9. G3BP1/RNA localized condensate formation upon vesicle poration. DOPC:DOPS 
(9:1) giant unilamellar vesicle (labelled with 0.1% mol ATTO 647N-DOPE, shown in green) 
enclosing a solution of GFP-G3BP1 (magenta) at pH=7.5 (see Methods). The external pH is 
quickly lowered to pH=5 using a microfluidic device, and a hypotonic solution containing 
poly(A)-RNA is included to promote poration (details in Methods). G3BP1/RNA condensation 
is observed at the pore region, stabilizing the membrane damage. Note that the condensate 
appears at different positions over time because the vesicle rotates due to the externally applied 
mild flow, needed to keep the GUV in place. The flow also presses the vesicle against the 
microfluidic posts and deforms it during poration. The time stamps are given in 
minutes:seconds (mm:ss). The acquisition speed is 0.650 s/frame. The field of view is 41 x 41 
μm. 

Video S10. Partial Z-stack sequence of the damaged GUV as shown in Fig. 2c,d. The field of 
view is 33.5 x 33.5 μm. 

Video S11. Glycinin localized condensate formation after vesicle poration. DOPC giant 
unilamellar vesicle (labelled with 0.1% mol ATTO 647N-DOPE, cyan) enclosing a solution of 
the protein glycinin (containing 4 % FITC labelled glycinin, yellow) at pH = 7.4. The external 
pH is quickly lowered to pH=4.8 using a microfluidic device, and a hypotonic solution is 
included to promote poration. Glycinin condensation is observed at the pore region, stabilizing 
the membrane damage. Note that the condensate appears at different positions over time 
because the vesicle rotates due to the externally applied mild flow, needed to keep the GUV in 
place. The flow also presses the vesicle against the microfluidic posts (in the upper left corner 
of the sequence) and deforms it during poration. The time stamps are given in minutes:seconds 
(mm:ss). The acquisition speed is 0.650 s/frame. The field of view is 66.7 x 66.7 μm. 
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Video S12. Simulation of a damaged vesicle with liquid-like interactions between protein and 
solute particles and a wetting-like attraction between protein and membrane particles (green 
curve in Fig. 2i). We observe plugging at the pore and engulfment of the growing droplet. 

Video S13. Simulation of a damaged vesicle with liquid-like interactions between protein and 
solute particles (pink curve in Fig. 2i). We observe plugging at the pore as a condensate droplet 
forms. 

Video S14. Simulation of a damaged vesicle with no attractive interactions between protein 
and solute particles (grey curve in Fig. 2i). No condensation occurs and the two solutions mix 
freely through the pore. 

Video S15. Representative example of a LysoTracker leakage/recovery assat using U2OS WT 
and G3BP DKO cells. The movie shows a frame with cells before the addition of LLOMe 
(indicated as pre-LLOMe), 2min after (indicated as LLOMe), and a time lapse sequence after 
LLOMe removal and a washout step (indicated as washout). The sequence shows the lack of 
lysosomal recovery in U2OS G3BP DKO cells, and it also highlights two LysoTracker-positive 
structures in U2OS G3BP DKO cells (black circles) that lose the LysoTracker probe (red 
circles) during the washout step (suggestive of continuous leakage and lack of efficient repair). 
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Blots related to Extended Data 6b,h,i
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Extended Data 6i (hMDM)
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