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The brains were then sliced into 15-μm sections and incubated into 5% goat serum 

and PBS for 1 h to block the endogenous proteins. The sections were then incubated in 

primary rabbit anti-Iba1 antibody (1:1000; Abcam, MA, USA), anti-VGLU2 antibody 

(1:1000; Abcam), anti-GFAP antibody (1:1000; Abcam), or anti-TH antibody (1:1000; 

Abcam) in antibody diluent for overnight. The sections were then incubated for 1 h in 

Dylight 594 conjugated anti-rabbit secondary antibody (1:500; Genetex) in antibody 

diluent followed by several washes in PBS. The cellular nuclei were labeled by DAPI. 

Finally, the slides were coverslipped with fluorescent mounting medium and stored flat 

in the dark at -20 ◦C. 

To induced intracerebral hemorrhage, the mouse was injected self-made lipid-shell 

microbubbles solution (0.7-1.1 µm, 100 µL, 1108 MB/mL) by retro-orbital injection. 

Twenty seconds later, the 0.5-MHz focused US (0.5 MPa, 10 Hz PRF, 5000 cycles, 120 

s duration) was delivered to the left brain of mouse. 

 

 



 

Figure S1. Time course of R-GECO fluorescence intensity in SH-SY5Y cells 

expressing pPrestin in the absence of 0.5-MHz US stimulation. Data were collected for 

3 independent experiments. 

 

 

 

 



 

Figure S2. Cell experiments to verify pPrestin induced calcium influx from the 

extracellular space instead of from the intracellular calcium pool after US excitation. 

SH-SY5Y cells expressing pPrestin were incubated with ethylene glycol tetraacetic acid 

(EGTA, a calcium chelator in the extracellular space, 5 mM, 20 min) [1], or thapsigargin 

(depletion of the intracellular calcium store, 100 nM, 30 min) [2] in DMEM and were 

stimulated with 0.5 MHz US (0.5 MPa, 2000 cycles, 10 Hz PRF, 3 s duration); 0.1% 

DMSO served as the control. Data are shown as the mean ± standard deviation for 6 

independent experiments. 

 

 



 

Figure S3. The viability of SH-SY5Y cells expressing pVenus or pPrestin were 

stimulated by US or without US. Data are shown as the mean ± standard deviation for 

6−12 independent experiments. 



 

Figure S4. Immunostaining imaging to reveal what type of cell was transfected pPrestin. 

(A) Representative images of mouse brain sections after administration of pPresin-MBs 

and immunostaining with anti-vascular endothelial growth factor antibody (VEGF, a 

vascular endothelial cell marker), anti-NeuN antibody (a neuron marker), anti-VGluT2 

antibody (a glutamatergic neuron marker), anti-tyrosine hydroxylase antibody (a 

dopaminergic neuron marker), or anti-GFAP antibody (an astrocyte marker), 

respectively. (B) Percentage of red fluorescence positive cells expressing pPrestin. The 

pPrestin expression was detected in VEGF-positive cells and in NeuN-positive cells 

after gene transfection. For neuron cells, the prestin expression was detected mainly in 

Tyrosine hydroxylase-positive neurons and rarely in VGlUT2-positive glutamatergic 



neurons. Data are shown as the mean ± standard deviation for 5-9 different sections 

from 3 mice. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

Figure S5. The intracerebral residual time of pPrestin-MBs in vivo was measured from 

ultrasound B-mode imaging by a 25-MHz ultrasound imaging system [3].  

 

 

 

 

 

 

 

 

 

 



 

Figure S6. (A) Left: immunostaining for activation of pVenus-transfected area and non 

pVenus-transfected area by 0.5-MHz US; right: Magnified view of ROI. (B) Local 

magnified view from ROI 1 and ROI 2. pVenus was transfected by pVenus-loaded MBs 

with 1-MHz focused US (0.5 MPa) was used for gene delivery to the mouse brain at 2 

days post-transfection with sonication times of 240 s. 

 



 

Figure S7. US stimulation does not activate microglia in region with pPrestin 



expression. Representative images of mouse brain sections after US stimulation were 

immunostained with anti-lba1 antibody (a microglia marker). The parameters of US 

used to stimulate Prestin-positive cells are 0.5 MHz, 0.5 MPa, 10 Hz PRF, 2000 cycles, 

and 3 s duration. US+MBs induced intracerebral hemorrhage (1 MHz, 0.7 MPa, 1 Hz 

PRF, 5000 cycles, and 60 s duration, I.V. injected MBs) serves as a positive control of 

microglia staining. Data are shown as the mean ± standard deviation for 5-9 different 

sections from 3 mice. 

 

 



 

Figure S8. (A) Representative images of mice brain sections for verifying if US directly 

stimulated auditory cortex would elicit c-Fos signals in pPresin-expressing area. Top: 

brain sections of auditory cortex; bottom: brain sections of pPresin-expressing area. (B) 

Percentage of c-Fos-positive cells expressing pPrestin with different conditions. 4% 



duty cycle: 0.5 MHz, 0.5 MPa, 10 Hz PRF, 2000 cycles, 3 s duration; 30% duty cycle: 

0.5 MHz, 0.5 MPa, 1000 Hz PRF, 150 cycles, 6 s duration. The localized of auditory 

was according to a previous study [4]. Data are shown as the mean ± standard deviation 

for 5-9 different sections from 3 mice per condition. 
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