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Table S1: Hydrostatic midpoint of collapse for engineered Ana GVs used in acoustic multiplexing 

experiments (Figure 2b). The data was fitted with a Boltzmann sigmoid function of the form 

( ) ( )( ) 11
−Δ−+= ppp cepf with pc representing the average midpoint of collapse. Fit parameters and R2 

values for each of the GV variants are provided in the table. 

 

 

Table S2: Acoustic midpoint of collapse for engineered Ana GVs used in multiplexing experiments 

(Figure 2c). The data was fitted with a Boltzmann sigmoid function of the form ( ) ( )( ) 11
−Δ−+= ppp cepf

with pc representing the average midpoint of collapse. Fit parameters and R2 values for each of the GV 

variants are provided in the table. 

 



   

 
 

Figure S1:  SDS-PAGE analysis confirming the complete removal of GvpC from native Ana GVs (lane 

13) and the re-addition of engineered proteins (lane 14-15). Quantification of re-added GvpC on urea-

stripped Ana GVs was done by comparison against a standard curve (200 - 1000 ng) of the pure proteins 



(lanes 2-6 for WT-GvpC and lanes 7-11 for ΔN&C-GvpC). The number of re-added GvpC molecules 

was determined to be ~ 1980 per GV for GvpCWT and ~ 877 per GV for ΔN&C respectively. 

 

 

Figure S2: Midpoint of collapse (hydrostatic) plotted as a function of re-added GvpC concentration for 

the ΔN&C variant. The midpoint of collapse was determined by fitting the raw data with a Boltzmann 

sigmoid function of the form ( ) ( )( ) 11
−Δ−+= ppp cepf with pc representing the average midpoint of 

collapse. Fit parameters and R2 values for each of the GV variants are provided. The saturation curve was 

plotted by fitting the data to a bimolecular binding function of the form f(x) = C1 * x / (Kd + x) + C2. 



 

 

 

 

Figure S3: Midpoint of collapse (hydrostatic) plotted as a function of re-added GvpC concentration for 

the GvpCWT variant. The midpoint of collapse was determined by fitting the raw data with a Boltzmann 

sigmoid function of the form ( ) ( )( ) 11
−Δ−+= ppp cepf with pc representing the average midpoint of 

collapse. Fit parameters and R2 values for each of the GV variants are provided. The saturation curve was 

plotted by fitting the data to a bimolecular binding function of the form f(x) = C1 * x / (Kd + x) + C2. 



 
Figure S4: Matrix of coefficients used for generating spectrally unmixed images shown in Figure 2g from 

the pixel-wise ultrasound signal intensities in Figure 2f (I), before and after exposing the GV samples to 

three sequentially increasing acoustic pressures (Pi).  Δ represents the measured differential signals with                          

Δi = I(Pi-1) - I(Pi), while α is the matrix containing the acoustic collapse spectrum for each GV variant (α i,j). 

C represents the contribution of each GV variant to the observed signal, with Cj calculated by the matrix 

operation: C = α-1 Δ. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

Figure S5: Clustal Omega sequence alignment of all the genetically engineered GvpC proteins used in 

our study. Colors highlight important features and are set to match the schematic illustration in Figure 5a. 



 

Figure S6: Optical density measurements of engineered Ana GVs as a function of hydrostatic pressure. 

The data was fitted with the Boltzmann sigmoid function  ( ) ( )( ) 11
−Δ−+= ppp cepf  and the table provides 

the midpoint of collapse as well as other fit parameters and R2 values. The data show that the collapse 

profile is unaltered even after reacting the ST-GVs with SC-mNG fluorescent protein. 



 

 

Figure S7: SDS-PAGE quantification of SpyTag functionalities on the surface of engineered Ana GVs. 

Comparison of ST-Ana GVs (lane 10) against a standard curve comprising GvpC-ST concentrations 

ranging from 100-1000 ng (lanes 2-8) shows that each modified GV has ~ 1000 SpyTag functionalities. 

Stripped Ana GVs used for GvpC-ST re-addition (lane 9) have negligible amount of native GvpC. 

 

 



 
 

Figure S8: SDS-PAGE analysis confirms SpyTag-SpyCatcher bond formation (yellow) upon a 

one-hour incubation of ST-GVs having an outer layer of GvpC-SpyTag (red) with SpyCatcher-

mNeonGreen (green). Incubation of Ana GVs containing an outer layer of WT-GvpC (purple) 

with SC-mNG, followed by buoyancy purification to remove unreacted fluorescent molecules 

results in GVs that are not fluorescent as shown in Figure 5g (left bottom panel). This also 

highlights the specificity of the SpyTag-SpyCatcher reaction and confirms that all the unreacted 

fluorescent molecules are completely removed during buoyancy purification. 

 


