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1 Supplementary figures and tables

1.1 Fig.S1 Scheme illustrating the formation of 1 spheroid
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Fig.S1  Scheme illustrating the formation of 1 spheroid. MCF7 cells were
cultured individually for five days in ultra-low attachment plates. At day five,
spheroids were transferred to achieve the given numbers of spheroids per well.
Spheroids were cultured for two more days in 60 pL media per group. On day
seven, media were collected and centrifuged for 5 minutes at 200 G to remove

any cellular components.



1.2 Fig.S2 TEM characterization and size distribution of the Au@MNPs
KNO;
FeSQ, NaOH
S
wc, @@ e @@ rm, OO
Oxygen freeO O HAuCI, O \.) HAUCI, O O
F9304 FeaO4-PEI-Au5eeded F6304-PE|'AUcoated
nanoparticles nanoparticles nanoparticles
A

50 50 — 50

40 47.9 +4.6 nm 40 60.2 £ 6.2 nm 40  70.3+14.2nm
8 i @
£30 £30 €30
jo} (e} e}
320 G20 o20f /

10 10 10

olo 0 0 ﬂ LLI [

40 60 80 100 120 140 40 60 80 100 120 140 40 60 80 100 120 140
Size (nm) Size (nm) Size (nm)

Fig. S2  Scheme illustrating the synthesis process, TEM characterization and
size distribution histograms of the Au@MNPs. (A) The cubic Fe;0,4-PEI
nanoparticles are formed with an average size of (47.9+4.6) nm; (B) the core-
satellite structure Fe30,4-PEI-Augeqeq Nanoparticles are formed with an average
size distribution of (60.2+6.2) nm; (C) The gold is further coated to generate the
Fe30,4-PEI-Aucoateg NAnoparticles with the size increased to (70.3114.2) nm. The
scale bar of the TEM images is 100 nm. Image J software was used for calculating
the size distribution. These results demonstrated the success of the design of
fabricating core-satellite structure and controllable growth of satellite particles
through a complete gold coating on magnetic nanoparticles. Detailed
characterization on the nanoparticles has been done in our group before!=, and

summarized below in Table S1.



1.3 Table S1 Characterization of the Au@MNPs

Table S1. Characterization of Au@MNPs

Characterization Reference

UV-vis spectra of the Au@MNPs 1

Dynamic light scattering (DLS) measurement before and

after PEI coating !
Scanning electron microscope (SEM) of the Au@MNPs 35
deposited on electrode surface ’
Atomic force microscopy (AFM) of the Au@MNPs deposited 5

on electrode surface

X-ray photoelectron spectroscopy (XPS) of the Au@MNPs 1

X-ray photoelectron spectroscopy (XPS) of the Au@MNPs

after modification 2,3,4

Aggregation stability of the Au@MNPs 1




1.4 Fig. S3 The mechanism of the “dispersible electrodes” sensing platform
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Fig. S3 The mechanism of the “dispersible electrodes sensing platform”. Once the
target miRNA is hybridized onto the Au@MNPs, the formation of DNA-miRNA duplex
leads the methylene blue far away from the nanoparticle surfaces, decreasing the
electrochemical electron transfer rate constants. The decrease in the square-wave
voltammetry peak current is proportional to the target miRNA concentration.
Measurements were done in the range between -0.45 V to 0 V (verse Ag|AgCl 3M)

E/V

Au@MNPs miRNA sensor

with pulse amplitude of 25 mV and frequency of 10 Hz.
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1.5 Fig.S4 The calibration curve in the buffer
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Fig. S4 The detection ability of the proposed sensor in phosphate-buffered saline
solution solution. (A) The current intensity in the square wave voltammograms for the
detection of different amounts of miRNA-155 in buffer solution. (B) Current
percentage change for different amounts of miRNA-155. Electrolyte: 1x PBS buffer (pH
7.4); frequency: 10 Hz; pulse amplitude: 25 mV. The results show that the relationship
between the miRNA-155 to its square wave current in buffer follows a linear
correlation equation of Y=10.09X+167.89 (R?=0.9853) and that as low as 10 aM
miRNA-155 can be detected in buffered solution.



1.6 Fig.S5 Scheme illustrating the procedure for comparing PCR and sensor
results on 96 spheroids
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Fig. S5 Schematic illustration of the procedure for PCR and sensor comparison on 96
spheroids. A plate of 96 spheroids was cultured for 5 days, after which media was
collected. The total RNA was extracted from the media and miRNA-155 was measured

from the total RNA using both RT-PCR and sensor measurement.



1.7 Fig.S6 PCR quantification of miRNA-155 in RNA extracted from the media of

96 spheroids
A 40- B 34+
30 . Mt . -
E 5 267
© 1]
> 20 >
- - 22
o o
10 4 18 ~
15
105[
]
0 — T T T T 0 T T T
-5 0 5 S1 S2 S3

log[miR155]

Fig. S6 (A) Calibration curve of miRNA-155 mimic generated by Ct values obtained by
gRT-PCR of serial dilutions of the mimic cDNA. (B) Ct values obtained by qRT-PCR of
mMiRNA-155 in total RNA extracted from 3 samples. Each sample corresponds to media

collected from 96 spheroids.



1.8 Calculation of miRNA-155 by RT-PCR (for 96 spheroids)

Sample 1 Sample 2 Sample 3 Average

miRNA-155 (pM) 4.0£2 5.1+1 4.0£0.4 4.3+1

Table S2. miRNA-155 released from 96 individually cultured spheroids by PCR

1.9 Calculation of miRNA-155 by Au@MNPs miRNA sensor (for 96 spheroids)

Table S3. miRNA-155 released from 96 individually cultured spheroids by sensor

Sample 1 Sample 2 Sample 3 Average

Signal decrease % 52+12 52+ 17 55+ 14 49115

By using the calibration curve constructed in the media(Y=10.09X+167.89), miRNA
concentration was calculated and the average of miRNA-155 concentration in 96
spheroids is calculated to be 5.61£2 pM.



1.10 Fig.S7 Scheme illustrating the generation of 12 spheroids
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Fig. S7 Scheme illustrating the generation of 12 spheroids. After spheroid generation,
spheroids are manually transferred one by one into the same well until the desired
number of spheroids are formed. Then, these spheroids were incubated for two more

days after which the media was collected.



1.11 Fig.S8 Reproducibility within one batch of 1, 2 and 4 spheroids measurement
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Fig. S8 Signal change reproducibility among triplicate samples. Electrolyte: 1x PBS

buffer (pH 7.4); frequency: 10 Hz; pulse amplitude: 25 mV.



1.12 Fig.S9 Result of Batch 2 measurement for 1, 2 and 4 spheroids
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Fig. S9 Evaluation of the sensor performance with a different batch of cancer
spheroids (batch 2). (A) The current intensity in square wave voltammograms for the
detection of miRNA-155 in the cell media was obtained from different numbers of
spheroids (blank means there are no spheroids but only the media). (B) Signal change
reproducibility among triplicate samples for this batch of cancer spheroids.

Electrolyte: 1x PBS buffer (pH 7.4); frequency: 10 Hz; pulse amplitude: 25 mV.



1.13 Fig. S10 Result of Batch 3 measurement for 1, 2 and 4 spheroids
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Fig. S10 Evaluation of the sensor performance with a different batch of cancer
spheroids (batch 3). (A) The current intensity in square wave voltammograms for the
detection of miRNA-155 in the cell media was obtained from different numbers of
spheroids (blank means there are no spheroids but only the media). (B) Signal change

reproducibility among triplicate samples for this batch of cancer spheroids.
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Electrolyte: 1x PBS buffer (pH 7.4); frequency: 10 Hz; pulse amplitude: 25 mV.



1.14 Fig. S11 Scheme illustrating the procedure for PCR and sensor measurement
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Fig. S11 Schematic illustration of the procedure for PCR and sensor

measurement on the same plate of spheroids. 96 spheroids were cultured individually
in wells of a 96-well plate. After the spheroids was grown for eight days, media from
five spheroids were collected individually to run the sensor measurement. The media
from the rest of 91 spheroids was collected for PCR measurement, with total RNA

extracted and miRNA-155 amplified.



1.15 Calculation of miRNA-155 by RT-PCR (for 1 spheroid)

Measurement 1 Measurement 2 Measurement 3 Average

miRNA-155(pM)
17.5 19.9 15.0 1742
in 91 spheroids

miRNA-155 (fM)
191.8 218.8 164.4 192 £27
in 1 spheroid

Table S4. miRNA-155 released from 1 spheroid by PCR

1.16 Calculation of miRNA-155 by sensor (for 1 spheroid)

Well 1 Well 2 Well 3 Well 4 Well 5 Average

Signal

decrease % *1 48+3 42+4 5043 3044 43+8
(o]

Table S5. miRNA-155 released from 1 individually cultured spheroid by the sensor

miRNA concentration was calculated by using the calibration curve constructed in the
media (Y=9.41X+163.26), and the average of miRNA-155 concentration in 1 spheroid
is calculated to be 354163 fM.
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