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Figure S1. RPB is unable to induce dimerization events inside cells. (a) Schematic of an experiment
evaluating whether dimerizers induce dimerization events inside cells. The membrane permeable dimerizer
can permeate the membrane and trap cytosolic YFP-FKBP in the plasma membrane in which Lyn-CFP-FRB
is localized. The dimerization of Lyn-CFP-FRB and YFP-FKBP can be monitored by FRET imaging. (b)
COS7 cells expressing membrane-anchoring Lyn-CFP-FRB (Lyn-CR) and cytosolic YFP-FKBP (YF) were
treated with Rapa (Rapa, 50 nM), RP3 (50 nM) and RPB (50 nM). The addition of RPB does not induce
protein translocation and dimerization. Scale bar= 10 pm. In addition, see Movie S1. (¢) The normalized
FRET/CFP ratio of the cells treated with 0.1% DMSO alone, RPB, RP3, and Rapa was measured at the
indicated time points. Arrow indicates time point of dimerizers or DMSO treatment. Error bars represent the

SEM (n=12 from at least two independent experiments).
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Figure S2. RPB is a functional chemical dimerizer. (a) Schematic of an experiment evaluating whether
chemical dimerizers induce dimerization events. The functional dimerizers can induce the dimerization
between VAMP2-CFP-FRB and VAMP2-YFP-FKBP on the cell surface and, therefore, increase the FRET
signal. (b) The addition of RPB (50 nM) rapidly induces the FRET signal between VAMP2-CFP-FRB and
VAMP2-YFP-FKBP on the cell surface. Scale bar= 10 um. In addition, see Movie S2. (¢) The normalized
FRET/CFP ratio in cells treated with 0.1% DMSO alone, RPB (50 nM), or Rapa (50 nM) was measured at
the indicated time points. Arrow indicates time point of dimerizers or DM SO treatment. Error bars represent

the SEM (n=7 cells).
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Figure S3. Characterization of folate-conjugated, fluorescent-labeling microbubbles (FMBs). (a) The mean
size distribution of the green FMB and red FMB were 1.4 £ 0.2 um and 1.5 + 0.2 pm, respectively. The mean
concentration of the green FMB and red FMB were (11.5+0.6) x 10° MBs/mL and (7.4 + 1.5) x 10’ MBs/mL,

respectively. (b) Spectrophotometer results. Folate and FMBs showed UV absorption wavelengths at 290
nm.
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Figure S4. Folate-coated microbubbles (FMB) attached to the cell membrane upon ultrasound excitation.
HeLa cells expressing Lyn-CFP (a plasma membrane marker, PM) were incubated with red FMBs, followed
by ultrasound excitation (1-MHz, 0.5 MPa, 500 cycles, 0.1 Hz PRF, 5 sec sonication duration). In addition,
see Movie S3. Note that strong signal of red FMBs can also be observed with CFP channel due to the fluorophore

bleed-through of Dil dye to the CFP channel.
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Figure S5. Folate-coated microbubbles (FMBs) rapidly collapse upon ultrasound excitation. (a) HeLa cells
(arrows) were incubated with FMBs (arrowheads) and then excited by ultrasound (1 MHz, 0.5 MPa, 500
cycles, 0.1 Hz PRF, 5 sec sonication duration). The realtime behavior of microbubbles was imaged by
acousto-optical system, which allowed for concurrent ultrasound sonication and high-speed bright field
imaging. Scale bar = 2 pm. In addition, see Movie S4. (b) The average diameter of microbubbles was

measured at the indicated time points. Error bars represent the Standard deviation (n=6).
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Figure S6. Excitation by ultrasound on microbubbles-bound cells induces sonoporation. (a) Green FMB
(arrowhead)-bound HeLa cells were excited by a short pulse of ultrasound in the presence of the membrane
impermeable dye Propidium lodide (PI, 100 uM). The cell boundary is highlighted by the dotted lines. The
excitation by the ultrasound rapidly disrupted the green FMBs, which was accompanied by an increase in
the PI intensity in the cytosol. Scale bar=10 um. In addition, see Movie S5. (b) The normalized fluorescence
intensity of the membrane-bound green FMBs (n=30) and PI in the cytosol (n=13) was measured at the

indicated time points. Error bars represent the SEM.



—
1Y)
-~
—
O
-~

FUS

3
5

n -2

| 14 32 56 &
= 25121]
5,8 gE 1 -
£3 ggogf'”*“wwmﬁﬁﬁ
o 8
§ gag-g' —No FUS
o 3 80'2_ =FUS
o P
1 (UO 0
S Ei T T T T T T
% oT -5 5 15 25 35 45 5
=i Time (min)
©) FUS (d)
(min) -2 14 32 56
o @ €214 -
w = o C
gL 221211
S o B E 1 o gttt
=S 2E€ 08 -
- b —No FUS
- &€ 067 -FUS
o £ 8 04 1
X T Q
< _ @ 0.2 A1
g ‘ %jg: 0 T T T T T T
g EQ_,- -5 5 15 25 35 45 5
23 Time (min)

Figure S7. Sonoporation does not affect the membrane phospholipid composition. (a)(c) The level of PIP,
and PIP; in the cell membrane was visualized by specific biosensors, Neon-PHPLCd and Neon-AktPH,
respectively, upon sonoporation. Arrowheads mark the red FMBs. The plasma membrane was labeled with
Lyn-CFP protein. Scale bar=10 pm. In addition, see Movie S6. (b)(d) The level of Neon-PHPLCd (b) and
Neon-AktPH (d) in the plasma membrane upon sonoporation was quantified. Error bars represent the SEM
(n>6 cells). Note that strong signal of red FMBs can be also observed with CFP and YFP channel due to the

fluorophore bleed-through of Dil dye to the CFP and YFP channel.
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Figure S8. Cell viability after the ultrasound excitation with different acoustic pressures. Quantification data
of the MTT assay, which tests the cell viability after excitation by ultrasound with acoustic pressures ranging
from 0.3 MPa to 0.7 MPa. The cell viability was determined at 24 hours after indicated treatments with
Alamar Blue. Error bars represent the SEM from three independent experiments. NS and ** represent no

significant differences and P<0.01, respectively, between the control and indicated group).
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Figure S9. GA;-AM but not GAj induces dimerization events inside cells. (a) Chemical structure of GAj
and GA3-AM. (b) COS7 cells expressing membrane-anchoring Lyn-CFP-GAIs and cytosolic YFP-mGID1
were treated with GA;3 (1 uM) and GA3;-AM (1 uM) in tandem. Scale bar= 10 pm. In addition, see Movie
S9. (¢) The normalized FRET/CFP ratio in cells treated with GA3 and GA3-AM at the indicated time points.

Error bars represent the SEM (n=8 from two independent experiments).
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Figure S10. Sonoporation triggers the GAjs-dependent CID system in C6 neuroblastoma cells. C6 cells
expressing membrane-anchoring Lyn-CFP-GAIs and cytosolic YFP-mGID1 were incubated with FMBs in
the presence of GA3; (1 mM). The excitation by the ultrasound induced the translocation of YFP-mGID1 to
the plasma membrane, which was accompanied by an elevation in the FRET signal. In addition, see Movie

S12. Scale bar: 20 um. In addition, see Movie S11.
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Figure S11. Sonoporation triggers the RPB-dependent CID system in C2BBel cells. C2BBel expressing
membrane-anchoring Lyn-CFP-FRB and cytosolic YFP-FKBP were incubated with red FMBs in the
presence of RPB (50 nM). The excitation by the ultrasound induced the translocation of YFP-FKBP to the
plasma membrane, which was accompanied by an elevation in the FRET signal. Scale bar: 20 um. In addition,
see Movie S13. Note that strong signal of red FMBs can be also observed with CFP and YFP channel due

to the fluorophore bleed-through of Dil dye to the CFP and YFP channel.



Supplementary Methods
Synthesis of Biotin-PEG;-alkyne

y
OYNH ; o HZN/\/O\/\O/\/O\// OF/NH } o
HN?é)“\\/\)LOH HN u“‘\/\)l\u/\/o\/\o/\/o
H S EDC, HOBT H \-S m
r.t.,, o.n.

(92%)

3-(2-(2-(2-aminoethoxy)ethoxy)ethoxy)prop-1-yne (H,N-PEGs-alkyne) was synthesized as previously
described.' EDC (288 mg, 1.50 mmole) and HOBT (202 mg, 1.49 mmole) were added to a solution of Biotin
(244 mg, 1.00 mmole) in dry DMF (12 mL), and the solution was stirred at room temperature for 30 min.
Then, the reaction mixture was mixed with 3-(2-(2-(2-aminoethoxy) ethoxy)ethoxy)prop-1-yne (187 mg,
1.00 mmole) and stirred at room temperature overnight. Upon the completion of the reaction, the reaction
was concentrated to dryness and purified by flash column chromatography (DCM/MeOH = 10/1) to obtain
Biotin-PEG;-alkyne as a white solid (380 mg, 0.92 mmole, 92%)]. H-NMR (400 MHz, CDCIl;): 6 6.86 (1
H,t,J=4.7Hz),6.82 (1 H, br), 5.72 (1 H, br), 4.48 (1 H, dd, /= 4.4, 7.7 Hz), 4.29 (1H, dd, /= 4.6, 7.8 Hz),
4.17 (2H, d, J=2.4 Hz), 3.63 (8H, m), 3.54 (2 H, t, J= 5.0 Hz), 3.40 (2 H, m), 3.11 (1 H, m), 2.87 (1 H, dd,
J=4.9,12.8 Hz),2.71 (1 H,d,J=12.8 Hz), 2.44 (1 H, t,J= 2.4 Hz),2.21 2 H, t,J= 7.5 Hz), 1.67 (4 H,
m), 1.41 (2 H, m). "C-NMR (100 MHz, CDCls): 8 173.43, 164.26, 79.32, 74.80, 70.09, 69.94, 69.72, 69.66,
68.79, 61.57, 60.02, 58.11, 55.60, 40.29, 38.86, 35.69, 28.17, 27.87, 25.44. HRMS (ESI+): calculated for
[M+Nal]+, 436.1882; found, 436.1895.

Synthesis of Rapa-PEG3-N; (RP3)
HO O oM

pyridine,
Tf,0 DCM,
0°C, 2hr

Tfo/\/o\/\o/\/ Na

| 2 6-di-tert-butylpyridine,
DCM,
60°C 6hr

"OH

FrT [P
(58%)
2-(2-(2-azidoethoxy)ethoxy)ethanol (HO-PEG;-N3) was synthesized as previously described”. 2-(2-(2-
azidoethoxy)ethoxy)ethanol (284 mg, 1.62 mmole) was dissolved in dry DCM (15 mL) and cooled to 0°C
in an ice bath. Subsequently, 2,6-ditertbutylpyridine (370 pL) and trifluoromethanesulfonic anhydride (340

pL, 2.02 mmole) were added to the reaction. The reaction was stirred at 0°C for 2 hr. After dilution with



DCM, the organic layer was washed with 10% HCI, brine, and water. The organic layer was recovered, dried
over MgSOQy, filtered, and evaporated to dryness. The residual oil was dissolved in dry DCM (5 mL), and
Rapa (120 mg, 0.13 mmole) and 2,6-di-tert-butylpyridine (500 pL) were added to the solution. The reaction
was heated to 60°C and stirred overnight. When Rapa could no longer be detected by TLC, the reaction was
diluted with DCM and washed with 10% HCI, brine, and water. The organic layer was recovered, dried over
MgSO,, filtered, and evaporated to dryness. The purification was carried out by flash column
chromatography (HEX/EA = 1/1) to obtain Rapa-PEG;-N3 as a white solid (81 mg, 0.076 mmole, 58%).'H-
NMR (500 MHz, CDCl5): 6 6.34(2 H, m), 6.12 (1 H, m), 5.95 (1 H, d, /= 9.8 Hz), 5.50 (1 H, m), 5.40 (1 H,
d,J=10.0Hz),5.27 (1 H, m), 5.14 (1 H,m), 4.78 (1 H, s), 4.16 (1 H, d, /= 5.7 Hz), 3.72 (3 H, m), 3.65 (10
H, m), 3.56 (2 H, m), 3.44 (3 H, s), 3.38 (3 H, m), 3.32 (3 H, s), 3.12 (3 H, s), 3.07 (2 H, m), 2.07 (2 H, m),
2.56 (1 H, m), 2.30 (1 H, m), 1.96 (6 H, m), 1.80-0.60 (41 H, m). "C-NMR (125 MHz, CDCl;): §13C NMR
(126 MHz, CDCI3) 6 215.53, 208.22, 192.56, 169.22, 166.74, 140.14, 135.99, 135.49, 133.63, 130.14,
129.58, 126.68, 126.37, 98.47, 84.82, 84.37, 83.00, 77.15, 75.66, 70.98, 70.95, 70.66, 70.51, 69.98, 69.13,
67.17,59.35,57.74, 55.85,51.26, 50.67,46.54,44.21, 41.44, 40.70, 40.20, 38.84, 38.29, 36.23, 35.10, 33.74,
33.17,32.99,31.71,31.23,29.93,27.23,27.05, 25.29,21.51,20.64, 16.23, 16.03, 15.89, 13.73, 13.16, 10.16.
HRMS (ESI+): calculated for [M+Na]+, 1093.6300; found, 1093.6322.

Synthesis of Rapa-PEGg-Biotin (RPB)

0 o
NH H
HE;&,““‘V\)LN/\/O\/\O/\/O/
H
H S

CuS0Qy, NaAsc,
DCM, IPA, DMSO,
H,O

rt,o.n.

(51%)

N=N 0 HIHN\.(O
NMOMSMMNH
3 3H S 'f/H

The method was modified from a previous report’. RP3 (0.1 mL of 40 mM stock dissolved in DMSO, 4.3

mg) and Biotin-PEGg;-alkyne (0.1 mL of 40 mM stock dissolved in DMSO, 1.7 mg) were mixed in a solution
of DCM (0.2 mL), isopropanol (0.7 mL), DMSO (1.9 mL) and water (0.4 mL). Then, Copper(Il) Sulfate (0.1
mL of 450 mM stock dissolved in water) and sodium ascorbate (0.2 mL of 450 mM stock dissolved in water)

were added to the solution, and the reaction was stirred at room temperature overnight. The reaction was



then subjected to centrifugal evaporation and concentrated to dryness. The residual oil was dissolved in
acetonitrile/water 1:1 and purified by HPLC, using a gradient eluent of 50%-100% ACN in water
supplemented with 0.1% TFA on a YMC-Pack ODS-A column (250x20 mm) to obtain Rapa-PEGe-Biotin
as a white solid (3.0 mg, 51%). HRMS (ESI+): calculated for [M+H]+, 1484.8465; found, 1484.8377.

Synthesis of GA3-AM

AMBr.

\4

MeCN

GA;

The synthesis of GA3-AM has been described previously”. In brief, a flame-dried 50 mL round-bottomed 2-
neck flask equipped with a magnetic stirring bar was charged with gibberellic acid (GA3, 200 mg, 0.58
mmol), diisopropylethylamine (100 pl) and dist. acetonitril 20 mL under an Ar atmosphere. The mixture was
stirred in an ice bath for 5 min, and a solution of bromomethyl acetate (AM-Br, 55 pl/dist. Acetonitril 10
mL) was added dropwise via a syringe. The resulting mixture was stirred in an ice bath for 1 h and then
allowed to warm to an ambient temperature; the stirring was continued for 2 h. The reaction mixture was
poured into a 100 mL ammonium chloride solution (5 g NH4Cl/ 100 mL H,0) and extracted with AcOEt 3
x 30 mL. The combined organic layer was washed with brine, dried over anhydrous Na,SO,4, and
concentrated to dryness in vacuo. The residue was purified by column chromatography to yield a colorless

solid (GA3-AM).
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