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Fig. S1 Scanning electron microscopy image of a nanorobotic microgel with nanoactuators at

40 mg/ml. Scale bar: 10 pm.
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Fig. S2 (a) Fluorescence distribution over the radii of two microgels with either homogeneously
distributed or heterogeneously distributed nanoactuators. (b) Brightfield and fluorescent images
of homogeneous (left column) and heterogeneous (right column) microgels. Heterogeneity was
due to the microfluidic device, leading to nanoactuator agglomerations and their non-uniform

distribution as observed in the images on the right. Scale bar: 40 pm
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Fig. S3 (a) - (d) Thermomechanical characterization of a nanorobotic microgel actuated at
varying laser intensities. The laser on time was fixed to 2 seconds to ensure strain saturation.
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Fig. S4 (a) Temperature calibration based on the relationship of normalized Rhodamine B
intensity and local temperature. (b) Correlation of laser intensity to microgel temperature,

determined using the temperature calibration function.
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Fig. S5 Schematic representation of FE simulation setup. The ideal representative model is

established with uniformly distributed nanoactuators arranged in a circular-packed pattern, and
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the realistic microgel model is designed considering the spatial randomness of nanoactuators.
2D geometries of (a) realistic microgel model and (b) ideal representative model are employed

in the case of cell-free microgels. 2D geometries of (c) realistic model and (d) ideal model are

employed in the case of cell-laden microgels.
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Fig. S6 Boltzmann fit for nanoactuator strain versus the corresponding local temperature.



a ‘ : b
) —a— Temperature 50 °C ) —e— Temperature 50 °C
2.0 {—a— Temperature 43 °C 0.8 {—e— Temperature 43 °C
—a— Temperature 41 °C |—— Iemperature g; °g
—e— Temperature 38 °

—a— Temperature 38 °C / /
1.5 0.6
1.0 / A £04 2
S g
054 A . / 024 - —
N N / /.
W o & g | __4_’/
0.0 aTt—2 : A IR = = —— ———= ]

12 15 + 18

Distance from center (um) ',"
« Strain (%)

3 6 9

9 12 15'," 18

Distance from center (um) .
" strain (%) d)

[
Il
T
I
[
'
'
[
[
T
I
1
n
1
[
[
1
1
1
"
[
]
1

c) i
i 3.0 19
:-: 2.5 1.0
2.0 08
1.5 06
1.0 04
05 0.2
0.0 0.0
e) Stress (kPa) f) Stress (kPa)
10.0
5.0
2.0
1.0
0.5
0.2
0.0

Fig. S7 Modeling of strain and stress in nanorobotic microgels through realistic and ideal
models. (a) Microgel strain over radius is related to local temperature in the realistic spatial

distribution of nanoactuators using RMM. Microgel radius: 17.5 pm. (b) Microgel strain over
radius is correlated to local temperature in the ideal distribution of nanoactuators using IRM.

(c) Microgel strain is mapped via RMM in a random nanoactuator distribution with a volume

fraction of 26.4 vol% (40 mg/ml). (d) 2D mapping of microgel strain with 26.4 vol%
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nanoactuators in an ideal circular-packed pattern with a mutual distance of 150 nm using IRM.
(e) Microgel stress is mapped via RMMs in a random nanoactuator distribution with a volume
fraction of 26.4 vol% (40 mg/ml). (f) 2D mapping of microgel stress with 26.4 vol% (40 mg/ml)

nanoactuators in an ideal circular-packed pattern with a mutual distance of 150 nm using IRM.
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Fig. S8 Comparative analysis of microgel strain using the ideal representative (IRM) and

realistic microgel models (RMM). Volume fraction of nanoactuators: 26.4 % (40 mg/ml).
Microgel radii: 17.5 pm.
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Fig. S9 A single intensity peak in a DLS analysis indicates the isotropic geometry of

nanoactuators.
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Fig. S10 Nanoindentation measurements showing the Young's modulus of mesenchymal stem

cell (n = 20) and microgels (n = 20).
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