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Experimental section

Reagents and materials. The oligonucleotides were synthesized and purified using HPLC by Sangon Biological Engineering
Technology & Services Co., Ltd. (Shanghai, China). miRNAs were synthesized and purified using HPLC by Takara
Biotechnology Co. Ltd. (Dalian, China). The detailed sequence of these oligonucleotides and miRNAs are listed in Table S1.
Hydrogen tetrachloroaurate (III) trihydrate (HAuCly3H,0) was purchased from Alfa Aesar (China). Sodium citrate, sodium
dodecyl sulfate (SDS), tris(hydroxymethyl)aminomethane (Tris) and tris(2-carboxyethyl) phosphine (TCEP) were purchased from
Sigma-Aldrich, Inc. (Saint Louis, MO, USA). Dithiothreitol (DTT) was purchased from Aladdin Chemistry Co. Ltd. (Shanghai,
China). 6-Mercapto-1-hexanol (MCH, 98%) was purchased from TCI Inc. (Shanghai, China). Dibasic sodium phosphate
(Na,HPOQy), sodium dihydrogen phosphate trihydrate (NaH,PO4-3H,0), and 37% hydrochloric acid (HCI) were purchased from
Lingfeng Chemical Reagent Co., Ltd. (Shanghai, China). 10xphosphate buffered saline (10xPBS, pH 7.4, containing 1370 mM
sodium chloride, 27 mM potassium chloride, 101 mM dibasic sodium phosphate, and 18 mM monobasic potassium phosphate)
was purchased from Shanghai Double-Helix biotech. Co. Ltd. (China). ATP bioluminescent assay kit was purchased from
Beyotime Biotechnology Co. Ltd. (Shanghai, China). NCode™ EXPRESS SYBR® GreenER™ miRNA qRT-PCR Kit was
purchased from Invitrogen (Grand Island, NY, USA). Cell lines, including a human cervical cancer cell line (HeLa), a human
embryonic kidney cell line (HEK-293T), and a human embryonic lung fibroblast cell line (MRC-5) were obtained from the Cell
Bank of Type Culture Collection of the Chinese Academy of Sciences (Shanghai, China). Dulbecco’s modified Eagle’s medium
(DMEM), Opti-MEM, fetal bovine serum (FBS), and trypsin/EDTA (0.25%) were purchased from Gibco (Thermo Fisher
Scientific, Gaithersburg, USA). CCK-8 reagent was purchased from Dojindo Laboratories (Kumamoto, Japan). RIPA lysis buffer

was purchased from Solarbio Science and Technology Co., Ltd (Beijing, China).

Table S1. Sequence information for oligonucleotides and miRNAs used in this study

Name 2Sequence (5'-3")
S1 (4-nt a) SH-TTTTTTTTAACCTCCGCTTTTCTCCCCCAGGT
S2 (6-nt a) SH-TTTTTTTTAACCTCCGCTTTTTTCCCCCAGGT
S3 (8-nt a) SH-TTTTTTTTAACCTCCGCTTTTTTTTCCCAGGT
S4 (10-nt a) SH-TTTTTTTTAACCTCCGCTTTTTTTTTTCAGGT
R1 ACCTGGGGGAGTATTGCGGAGGAAGGTTT-FAM
R2 ACCTGGGGGAGTATTGCGGAGGAAGGTTT-FAM
R* ACCTTCCTCCGCAATACTCCCCCAGGTTAGCT
W1 (4-nt b¥) AGGT TATCATTTTTTTTTTTTTTTTTITTTTTTTT-SH
W2 (5-nt b¥) CAGGT TATCATTTTTTTTTTTTTTTTTTITTTTTTT-SH
W3 (7-nt b¥) CCCAGGT TATCATTTTTTTTTTTTTTTTTTTTTTITTT-SH
W4 (9-nt b¥) CCCCCAGGT TATCATTTTTTTTTTTTTTTTTTITTTTITTT-SH
Al (2-ntb’) CCCAGGT TATCA-T-TCAACATCAGTC TTTTTGG-T;s-SH
A2 (4-ntb’) CCCAGGT TATCA-T,-TCAACATCAGTC TTTTGGG-T;s-SH
A3 (6-ntb’) CCCAGGT TATCA-T-TCAACATCAGTC TCCTGGG-T,s-SH
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A4 (7-ntb’) CCCAGGT TATCA-T(,-TCAACATCAGTC ACCTGGG-Ts-SH

A5 (11-nte) CCCAGGT TATCAG-T,(-TCAACATCAGT TTTTGGG-T,s-SH
A6 (9-nte) CCCAGGT TATCAGAC-T -TCAACATCA TTTTGGG-T,s-SH
A7 (mis-2 nt) CCCAGGT TATCAAAC-T-TCAACATTA TTTTGGG-Tys-SH
A8 (mis-4 nt) CCCAGGT AATCAAAC-T;-TCATCATTA TTTTGGG-Tys-SH
A9 (polyT) CCCAGGT AATCAAAC-T-ITTTTTTTT TTTTGGG-T,5-SH
miR-21 UAGCUUAUCAGACUGAUGUUGA
Tl TAGCTTATCAGACTGATGTTGA
T2 TAGCTTATCA[JACTGATGTTGA
T3 TAGCTJAJATCAGACTGATGTTGA
T4 TAGCTTATCAGACTGIITGTTGA
TS TAAICTIGATCAGACTGATGTTGA

T6 TARdACTGTCTGGTANAIGATG

2 Green characters represent the mismatched bases between domain a of A and domain a’ of R. Blue characters represent domain

b of R, domain b* of S, and domains b* and b’ of A. Rose red characters represent domain d of S and domain d* of R. Orange
characters represent domains ¢ of R, and domains c¢* and ¢’ of A. Italics characters represent different bases compared with R in
domain c. Purple characters represent domain e of A. Red characters represent the sequence of the target (T). Underlined characters
represent ATP aptamer sequence in R. Double underlined characters in A7, A8 and A9 represent different bases compared with

A6. Framed characters represent different bases compared with T1 in the tested target.

Instrumentation. The fluorescence emission signal and ultraviolet visible (UV-vis) absorbance were recorded by a microplate
reader (BioTek Instruments, Inc., Winooski, Vermont, USA) using a black 384-well microplate and a transparent 384-well
microplate, respectively. For FAM detection, the excitation and emission wavelengths were set at 485 nm and 520 nm,
respectively. The cells were cultured in a cell incubator (Eppendorf Galaxy 170S, Germany). The cells were visualized under a
Nikon confocal scanning system with 24-well cell culture plate with bottom glass (In Vitro Scientific). The qRT-PCR data were

collected with a BIO-RAD CFX connect TM Real-Time system (Singapore)

Fabrication of DNA nanomachine. The nanomachines were prepared using 20 nm AuNPs, which were synthesized according
to our previous work!. The prepared 20 nm AuNPs solution was concentrated to 10 nM by centrifugation at 12 000 rpm for 10
min and stabilized by capping with SDS by adding 0.1% SDS (wt %). Before mixing with as-prepared AuNPs, 20 uM substrate
strand (S) and 20 uM hairpin-locked swing arm (A or W) were incubated with 5 mM TCEP for 15 min, respectively. An aliquot
of 400 pL mixture containing 10 mM phosphate buffer (pH 7.5), 6 pL A (or W (20 uM)) and 40 uL S (20 uM), or only 40 L W
(20 uM) with 80 pL as-prepared AuNPs (10 nM) (S/R/A (or S/R/W)-AuNP or R/W-AuNP) was incubated at room temperature
for 15 min. After that, 400 uL NaCl solution (2.0 M) was added dropwise to the above mixture with vigorous vortexing and
incubated for 2 h. Then, the mixture was centrifuged at 13 000 rpm for 15 min. The excess A (or W) and S or W were removed in
the supernatant. The precipitated A (or W) and S or W functionalized AuNPs (S/A-AuNPs (or S/W-AuNPs) or W-AuNP) were
resuspended in 800 pL 1xPBS (pH 7.4), and mixed with 12 pL. 6-Mercapto-1-hexanol (MCH) (100 uM). After 1 h incubation,
the AuNP conjugate solution was centrifuged and washed three times with 1xPBS containing 0.05 % Tween-20. The precipitated

AuNP conjugates were resuspended in 800 pL. 1xPBS, containing 40 uL R (20 uM), 20 uL. MgCl, (100 mM) and 20 pL NaCl
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(2 M), heated to 60°C for 10 min, and slowly cooled to room temperature followed by overnight incubation at room temperature.
Finally, the resultant AuNP conjugates (S/R/A (or S/R/W)-AuNPs) was washed five times with 1xPBS containing 0.05 % Tween-

20 and stored in 1xPBS.

Calculation of the numbers of R tethered by S or W. To measure the tethered number of R by S or W on a single AuNP,
100 uL solution containing 0.1 nM nanomachine (S/R/A-AuNP or R/W-AuNP) was mixed with 20 mM 2-mercaptoethanol (ME)
in 200 mM Tris-HCI, 25 mM Mg?* and 10 mM ATP, and then incubated overnight at room temperature. Then the solution was
centrifuged at 13 000 rpm for 15 min at 25 °C to precipitate the AuNPs and the supernatant (~95 puL) was transferred onto a 384-
well black plate for fluorescence detection. The molar concentration of the released R was determined using a standard curve for
the fluorescence intensity versus different concentrations of R. Then the average number of R per AuNP could be calculated from

the concentration of AuNPs.

Calculation of the rate constant (k) for the whole reaction. The overall operation of the nanomachine fabricated with A or

W can be expressed according to the following reactions.
Unfolding reaction: A +T—=A/T
Grasping reaction: S/R+A/T =S+ A/T/R (SIR+W-S+W/R)

Releasing reaction: A/T/R+ATP—A/T + ATP/R (W/R + ATP-W + ATP/R)

The whole reaction of the nanomachine can be expressed as follows,

AJT w
S/R+ATP > S+ ATP/R (S/R + ATP—S + ATP/R)

When 10 mM ATP was chosen as a working concentration for optimizing the components of the proposed nanomachine (in
large excess compared to the amount of S/R), the entire reaction can be viewed as pseudo-first order, and the kinetics can be fit to

the first-order rate equation:
In ([S/R],) =-kt +1In ([S/R],) = In ([S/R], - [ATP/R],)

S/R] S/R] ATP/R]

o is the initial concentration of reactant S/R, [ t is the
ATP/R], can be

where [ t is the concentration of S/R at time t, [
concentration of reactant ATP/R at time t, [S/R], can be calculated from the number of S/R on a single AuNP, [
calculated by the regression curve of fluorescence intensity versus [ATP/R]. Therefore, we fitted the dynamic data to the first-

order rate equation and the reciprocal of the slope is the rate constant k.

Optimization of functional domains of W, S and A. To optimize the domain b* of W, we replaced A with a linear strand W
to fabricate the nanomachines. To observe the influence of different length of b” on the grasp and the releasing, different W were
assembled on AuNP without S, and incubated with R for fabricating R/W-AuNP. The fluorescence intensity of 0.1 nM
nanomachines (R1/W1-AuNP, R1/W2-AuNP, R1/W3-AuNP and R1/W4-AuNP) were incubated with 10 mM ATP and 20 mM

ME for 1 hand 12 h.
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A series of nanomachines was prepared by using W1, W2, W3, and W4 with S2 or S3 (S2/R1/W1-AuNP, S2/R1/W2-AuNP,
S2/R1/W3-AuNP, S2/R1/W4-AuNP, S3/R1/W1-AuNP, S3/R1/W2-AuNP, S3/R1/W3-AuNP and S3/R1/W4-AuNP). The real-

time fluorescence intensity was measured for 100 pL reaction system containing 0.1 nM prepared nanomachines, 10 mM ATP,

200 mM Tris-HCI (pH 7.6) and 25 mM MgCl,.

To investigate the block efficiency of A by domain b’, a series of nanomachines was prepared using Al, A2, A3 and A4
(S2/R1/A1-AuNP, S2/R1/A2-AuNP, S2/R1/A3-AuNP and S2/R1/A4-AuNP). Real-time fluorescence intensity was measured for
100 pL reaction system containing 0.1 nM prepared nanomachines, 5 nM T1, 10 mM ATP, 200 mM Tris-HCI (pH 7.6) and 25

mM MgCl,. The blank samples were prepared in the same way but without the addition of T1.

To optimize the domain e on A, a series of nanomachines was prepared using Al, AS, and A6 (S2/R1/A1-AuNP, S2/R1/AS-
AuNP and S2/R1/A6-AuNP) in response to T1 or T2, respectively. Real-time fluorescence intensity was measured for 100 uL
reaction system containing 0.1 nM prepared nanomachines, 5 nM T1 (or T2), 10 mM ATP, 200 mM Tris-HCI (pH 7.6) and 25

mM MgCl,. The blank samples were prepared in the same way but without the addition of T1 (or T2).

Optimization of reaction conditions for the nanomachine in vitro. To obtain the optimal operation of the proposed
nanomachine, we optimized two parameters of reaction conditions, the concentrations of ATP and Mg?*. For the optimization of
the concentration of ATP, a series of 0.1 nM nanomachines (S2/R1/A6-AuNP) was mixed with 5 nM T1 and ATP at different
concentrations (0, 2.5, 5, 7.5 and 10 mM) in 100 pL solution of 200 mM Tris-HCI (pH 7.6) and 25 mM MgCl,. The real-time
florescence intensities of the prepared mixtures were monitored for 1 h. The blank samples were treated in the same way but

without the addition of T1.

For the optimization of the concentration of Mg?*, a series of 0.1 nM nanomachines (S2/R1/A6-AuNP) was mixed with 5 nM
T1, 5 mM ATP, and MgCl, at different concentrations (0, 25, 50, 75 and 100 mM) in 100 pL solution of 200 mM Tris-HCI (pH
7.6). The real-time florescence intensities of the prepared mixtures were monitored for 1 h. The blank samples were treated in the

same way but without the addition of T1.

Gel electrophoresis analysis to test the feasibility of the proposed nanomachine. A volume of 100 uL reaction mixture
containing 2 nM S2/R1/A6-AuNP, 400 nM T1, or 10 mM ATP or 500 nM R* in 200 mM Tris-HCI1 with 25 mM MgCl,, was
incubated at room temperature for 60 min. After incubation, the mixture was centrifuged at 13 000 rpm for 15 min to precipitate
AuNPs and the supernatant was collected for 20% non-denaturing polyacrylamide gel (PAGE). The PAGE experiments were

carried out according to our previous work!.

Investigation of the sensitivity and specificity of the nanomachine in vitro. To investigate the sensitivity of the
nanomachine, a series of 0.1 nM nanomachines (S2/R1/A6-AuNP) was mixed with 5 mM ATP and T1 at different concentrations
(from 100 pM to 5 nM) in 100 pL solution containing 200 mM Tris-HCl (pH 7.6) and 25 mM MgCl,. Then, the real-time
florescence intensities of the prepared mixtures were monitored for 1 h. The blank samples were treated in the same way but

without the addition of T1.

To investigate the specificity of the nanomachine, a series of 0.1 nM nanomachines (S2/R1/A6-AuNP) was mixed with 5 mM
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ATP and 5 nM different targets (T1-T6) in 100 pL solution containing 200 mM Tris-HCI (pH 7.6) and 25 mM MgCl,. Then, the
real-time florescence intensities of the prepared mixtures were monitored for 1 h. The blank samples were treated in the same way

but without target addition.

Investigation of the stability of the nanomachine. To investigate the stability of the nanomachine in DNase I and cell lysis,
0.1 nM nanomachines (S2/R1/A6-AuNP) in 1xPBS was mixed with 50 U/L DNase I or 50% (volume ratio) HeLa cell lysis for 6

h. HeLa cells were lysed using RIPA lysis buffer.

Cell culture. Three cell lines (HeLa, HEK-293T and MRC-5) were cultured in 25 ¢cm? cell culture flask containing 5 ml
DMEM, supplemented with 10% fetal bovine serum (FBS) and 100 U/mL penicillin-streptomycin, and maintained in a humidified

atmosphere of 5% CO, at 37 °C.

Investigation of the cytotoxicity of the nanomachine in living cells with the CCK-8 assay. Using HeLa cells as model,
HeLa cells were seeded into a 96-well cell culture plate (Corning, USA) with 1x10* cells per well and incubated for 24 h. After
that, cells were washed three times with 1xPBS. An aliquot of 100 uL Opti-MEM containing 0.2 nM nanomachines was added to
every well of the treatment group of HeLa cells. The well in the control group of HeLa cells was treated with 100 pL. Opti-MEM
without 0.2 nM the nanomachine. Then, the plate was incubated in a humidified incubator containing 5% CO, at 37 °C. At different
time points (1, 2, 3, 4 and 6 h), an aliquot of 10 pL CCK-8 reagent was added to the above treatment and control groups,
respectively, and incubated for another 1 h, and the ODys5y was measured to obtain A, and AC. In addition, blank samples were
prepared as follows. Two clear wells without cells were treated with 100 pL Opti-MEM with and without 0.2 nM nanomachines,
respectively, and then an aliquot of 10 uL. CCK-8 reagent was added to the above wells, and incubated in a humidified incubator
containing 5% CO; at 37 °C for 1 h. After that, the ODys( of these two wells were obtained as Ablank(t) and Ablank(c), respectively.
The cell viability at different time points (1, 2, 3, 4 and 6 h) can be calculated based on the following formula. The cytotoxicity

experiments were repeated three times.
(A = Apiank(©) /(A = Apjani(ey)x 100 = cell viability (%)

Calculation of the concentration of ATP in tested cell lines. An ATP bioluminescent assay kit was used for calculating the
concentration of ATP in HeLa, MRC-5 and HEK-293T cells. The three kinds of cells were seeded into a 6-well plate with 2.5 mL
DMEM, supplemented with 10% fetal bovine serum (FBS) and 100 U/mL penicillin-streptomycin, and maintained in a humidified
atmosphere of 5% CO, at 37 °C for 24 h. Then, cells were washed three times with 1xPBS and counted with a hemocytometer.
After that, we determined the molar quantities of ATP according to the manufacturer’s instructions. At last, the concentration of

ATP in a single cell were calculated from the quantity and the volume of cells?.

MiRNA imaging in living cells. The procedures for miRNA imaging using a Nikon confocal scanning system were as follows.
HeLa, HEK-293T, and MRC-5 (1x103 cells per well) were seeded into a 24-well plate with 500 uL. DMEM, supplemented with
10% fetal bovine serum (FBS) and 100 U/mL penicillin-streptomycin, and maintained in a humidified atmosphere of 5% CO, at
37 °C for 24 h. After that, cells were washed three times with 1xPBS. An aliquot of 500 uL Opti-MEM containing 0.2 nM

nanomachines was added to every well of treatment group. After incubation for another 2 h, the cells were washed three times
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with 1xPBS and captured using a Nikon confocal scanning system with a 40x objective. All imaging experiments were repeated

three times. The mean FAM intensity in a single cell was analyzed using NIS element software.

Investigation of specificity in living cells. To investigate the specificity of our nanomachine in living cells. Four kinds of
nanomachines (S2/R1/A6-AuNP, S2/R1/A7-AuNP, S2/R1/A8-AuNP and S2/R1/A9-AuNP) were assembled. Using HeLa cells
as a model, the procedures for confocal imaging were similar to the miRNA imaging except for that the cells were treated with
different nanomachines (S2/R1/A6-AuNP, S2/R1/A7-AuNP, S2/R1/A8-AuNP and S2/R1/A9-AuNP). The mean FAM intensity
in a single cell was analyzed using NIS element software. The real-time florescence analysis in vitro were monitored using the

optimal conditions (0.1 nM nanomachine, 200 mM Tris-HCI (pH 7.6), 5 mM ATP, 25 mM Mg?" and 5 nM T1).

qRT-PCR experiment. For qRT-PCR experiments, HeLa, HEK-293T and MRC-5 were cultured in 75cm? cell culture flasks
containing 15 mL DMEM, supplemented with 10% fetal bovine serum (FBS) and 100 U/mL penicillin-streptomycin, and
maintained in a humidified atmosphere of 5% CO, at 37 °C. The cells were digested from the flask by trypsin, washed three times
with 1xPBS, and counted with a hemocytometer. The cell lysates were prepared according our previous work®. Quantitative
polymerase chain reaction (QPCR) was employed for the quantification of miRNA using the qRT-PCR Kit in a BIO-RAD CFX

connect TM Real-Time system. Experiments were repeated three times, and data analysis was performed by 7500 Software v2.3.

Supporting figures and table
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Fig. S1 Optimization of the domain b* of W. (a) Real-time fluorescence intensity was measured from 100 pL reaction system

containing 0.1 nM nanomachines (SI/R1/W3-AuNP, S2/R1/W3-AuNP, S1/R1/W4-AuNP or S2/R1/W4-AuNP), 10 mM ATP and

25 mM Mg?*, respectively. (b) Calculation of the rate constant & by plotting In ([S/R1) (equal to In ([S/R] — [ATP/ R]t)) as a

function time and fitting the data using least-squares linear regression.
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Fig. S2 Optimization of the domain b’ of A. (a) Detailed sequences of A1-A4 with different domain b’ lengths. (b) Real-time
fluorescence intensity was measured from 100 pL reaction system containing 0.1 nM nanomachines (S2/R1/A1-AuNP, S2/R1/A2-

AuNP, S2/R1/A3-AuNP or S2/R1/A4-AuNP), 10 mM ATP and 25 mM Mg?* in the presence and absence of 5 nM T1, respectively.
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Fig. S3 Optimization of the domain e of A. Real-time fluorescence intensity monitored for three types of nanomachines of (a)

S2/R1/A2-AuNP, (b) S2/R1/A5-AuNP and (c¢) S2/R1/A6-AuNP in response to 5 nM T1 and T2. The concentration of

nanomachine was 0.1 nM and the reaction system contained 10 mM ATP.
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Fig. S5 Effect of ATP concentration on the operation of the nanomachine. (a) Real-time fluorescence intensity was measured for
100 pL reaction system containing 0.1 nM nanomachine (S2/R1/A6-AuNP), 25 mM Mg?* and ATP at different concentrations (0,
2.5 mM, 5 mM, 7.5 mM and 10 mM). The solid and dashed lines represent fluorescence intensity in the presence and absence of
5nM T1, respectively. (b) Fluorescence ratios (F/Fy) derived from the data (A), where F and F are the fluorescence intensities at

520 nm in the presence and absence of T1, respectively. Error bars show the standard deviations of three independent experiments.
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Fig. S6 Effect of Mg?" concentration on the operation of the nanomachine. (a) Real-time fluorescence intensity was measured for
100 pL reaction system containing 0.1 nM nanomachine (S2/R1/A6-AuNP), 5 mM ATP and Mg?" at different concentrations (10
mM, 25 mM, 50 mM, 75 mM and 100 mM). The solid and dashed lines represent fluorescence intensity in the presence and
absence of 5 nM T1, respectively. (b) Fluorescence ratios (F/Fy) derived from the data (A), where F and F are the fluorescence
intensities at 520 nm in the presence and absence of T1, respectively. Error bars show the standard deviations of three independent

experiments.
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Fig. S7 Caculation of the initial rate of the proposed nanomachine by monitoring the fluorescence increases every 1 min for the

first 5 min. Error bars show the standard deviations of three independent experiments.

Fig. S8 (a) The schematic illustration of the reaction of the proposed nanomachine in the presence of R*. (b) Non-denaturing
PAGE to analyze the collected supernatants of reaction mixtures with different components. Lane 1: the collected supernatant of
S2/R1/A6-AuNP, lane 2: the collected supernatant of the mixture of S2/R1/A6-AuNP and ATP, lane 3: the collected supernatant
of the mixture of S2/R1/A6-AuNP and R*, lane 4: R*, lane 5: mixture of R* and R1. (c) The schematic illustration of the motion
of the proposed nanomachine in the presence of ATP and T1. (d) Non-denaturing PAGE to analyze the supernatants of reaction
mixtures with different components. Lane 1: the collected supernatant of S2/R1/A6-AuNP, lane 2: the collected supernatant of the
mixture of S2/R1/A6-AuNP and ATP, lane 3: the collected supernatant of the mixture of S2/R1/A6-AuNP and T1, lane 4: the

collected supernatant of mixture of S2/R1/A6-AuNP, ATP and T1, lane 5: T1, lane 6: mixture of ATP and R1.
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Fig. S10 Fluorescence ratios (F/F) derived from the data shown in Fig. 3b, where F and F are the fluorescence intensities at 520

nm in the presence and absence of target, respectively. Error bars show the standard deviations of three independent experiments.
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Fig. S11 Stability investigation of our nanomachine in DNase I and cell lysis. Blank represents 0.1 nM S2/R1/A6-AuNP in 1xPBS.
DNase I represents 0.1 nM S2/R1/A6-AuNP in 1xPBS containing 50 U/L DNase I. Cell lysis represents 0.1 nM S2/R1/A6-AuNP

in 1xPBS containing 50% (volume ratio) HeLa cell lysis.
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Fig. S12 Cytotoxicity analysis of the uptake of 0.2 nM nanomachine (S2/R1/A6-AuNP) in HeLa cells by CCK-8 assay. Error bars

show the standard deviations of three independent experiments.
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Fig. S13 The molar quantities of ATP in a single cell using ATP bioluminescent assay Kkit.

Table S2. Comparison of the needed incubation time for our method and other methods for the miRNA imaging

Detection target and cell

Method Incubation time Reference
lines
Multifuctional SnO, nanoprobe miR-21 (HeLa) 3h 4
Gold@polydopamine core-shell miR-29b and miR-31 b s
nanoprobe (hMSCs)

Gold nanoparticle based hairpin- miR-141 (LOVE-1, SMMC-

8h 6
locked-DNAzyme probe 7721, 22Rv1, and HeLa)
Binary system based on
miR-21 (MCF-7) 90 min 7
nanobeacons
Cascade hybridization reaction miR-21 (HeLa, HEK-293, 4h 8

P14



and MRC-5)

miR-21 (HeLa, MCF-7,
MDA-MB-231, and HEK-293 6h 9
cells)

DNA programmed nanoparticle

disassembly

Genetically encoded fluorescent miR-21 (MCF-7, HeLa, and
RNA sensor L02)

24h 10

) miR-21 (MCF-7 and MDA-
Nano metal-organic framework 14h 11
MB-231)

. . miR-21 (MCF-7, HeLa,
Entropy-driven DNA nanomachine S5h 1
HEK-293, and MRC-5)

MicroRNA-initiated DNAzyme miR-10b (MDA-MB-231, 2 h incubation with motor and 1 h .
motor MCEF-10b, and MCF-7) incubation with Mn?*
) miR-21 (HeLa, HEK-293T, ) )
ATP-powered DNA nanomachine 80 min This work

and MRC-5)
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