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Printer Autoclave

a) Peeled paper chip Y

b) Untreated paper chip

c¢) Thinned paper chip

Scheme S1. Schematic of the fabrication process of peeled paper chips (a), untreated paper chips
(b), and thinned paper chips (c).
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Figure S1. 'H-NMR spectrum of PLL-g-PEG in D:O.
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Figure S2. a) Size distribution of MNP determined from TEM images. b) Representative SEM
image of the assembly after the MNP deposition onto PAH/PSS pre-coated PS-P (without
PSS/PLL terminating layers). Scale bar: 2 um



a) Paper chips - *My,p;, vs. ink particles

i) Brightfield i) Fluorescence

Figure S3. Representative microscopy images of peeled paper chips when *Mm.pLL were added to
show the difference between micromotors and ink residues. Images were taken using brightfield
(1) or fluorescence (ii). Scale bars: 200 pm.

a) SEM *M,.p, in Paper Chip - Low Concentration

Figure S4. Representative SEM images of peeled paper chips when “Mm.pLr were added at low
concentration (a) or ~10x higher density (b). Images were taken in the loading area (left) and at
the end of the mobility area (right). “Mm.pLL were artificially colored in orange for better visibility.
Scale bars: 100 pm.
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Figure S5. *Mu.c characterization. a) BCA assay of free cellulase used for further assessment of
cellulase present on the swimmer surface. b) Activity assay of free cellulase (100 uM) with
different substrate concentrations.

First, standard solutions of free cellulase ranging from 25 to 2000 ug mL! were prepared and used
to obtain a calibration curve using the BCA assay by measuring the absorbance at A = 562 nm.
Next, “Mm.c were analyzed using the same assay, and the absorbance value obtained was
interpolated in the calibration curve. The cellulase concentration was found to be 0.13 mg mL™,
which corresponded to ~6.5 pug enzyme per mg of PS-P.

The enzyme kinetics obeyed a Michalis-Menten profile obtaining a maximum velocity of 7.66 x
10* mmol s and a Michaelis-Menten constant of 52.92 uM. The cellulase activity in *Mm.c was
calculated by the following equation:

C
Activity = (At > V) XD

where C stands for the concentration of substrate, Az for the time interval that followed the linear
regime of the calibration curve, V' of the volume of sample, and D for the dilution factor.




The activity value for the free enzyme was found to be 1.92 x 10 U (which was supposed to
correspond to 100% of the enzyme activity), while for the *Mwm.c was 3.85 x 10® U (which
translated into a remaining 20% of the activity).

a) SEM *M,,.c (24 h)

Figure S6. Mobility of “Mwm-c after 24 hours. a) Representative SEM image of the cross section of
the paper chip after 24 h incubation with “Mwc (Scale bar: 100 pm). b) Representative microscopy
images of different time points of “Mwm-c incubated for 24 h compared with *Mwm-rrL (Scale bars:
100 pm). *Mwm.c were artificially colored in blue for better visibility.
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Figure S7. *Mwm-reG mobility in aqueous environment and paper chips. a) i) A cartoon illustrating
the different layers in the assembled SMwm.pec (PS-P: 8 um PS particle, PSS: poly(sodium 4-
styrenesulfonate), PEG: PLL-g-PEG). ii) Representative SEM image of the *Mw-peG (Scale bar: 5
um). iii) Representative SEM images of the *Mw.peG distribution in the cross section of the paper
chip (Scale bar: 100 um). *Mwm-rec were artificially colored in purple for better visibility. The
locomotion properties of *Mwm.peG in microfluidic channels (b) and peeled paper chips (c).
Trajectory maps (i) low concentration; (ii) high concentration and MSD plots (iii) of *Mwm-peG when
attracted by 2.9 N magnets. b) Scale bars: 50 pm; c) Scale bars: 250 um).



iii) Paper with My peg

b) Locomotion of 2°M_peg in Water ¢) Locomotion of 2°M,,.p¢ in Peeled Paper
i) Low concentration i) Low concentration
A)ON B8)29N — __ | iii) MSD A)ON & - 1 [BI23 iii) MSD
’ JE = L] Fmag=oN(X1) 3 ¥ L F"“Q:()N(x"
£IT = e T lnenie g * TN
— _ mag = 2-
_—/f 4000 : i 2.9 N (x1) 4000 % Fpyy=2.9 N (x10)

A)ON

Figure S8. *°Mw.reG mobility in aqueous environment and paper chips. a) i) A cartoon illustrating
the different layers in the assembled *°Mum-peG (PS-P: 20 pm PS particle, PSS: poly(sodium 4-
styrenesulfonate), PEG: PLL-g-PEG). ii) Representative SEM image of the 2*Mwm-reG (Scale bar:
5 um). iii) Representative SEM images of the 2’°Mwm.peG distribution in the cross section of the
paper chip (Scale bar: 100 um). *°Mwm-peG were artificially colored in purple for better visibility.
The locomotion properties of 2°Mm.-peG in microfluidic channels (b) and peeled paper chips (c).
Trajectory maps (i) low concentration; (ii) high concentration and MSD plots (iii) of *’°Mm-peG
when attracted by 2.9 N magnets. b), c) Scale bars: 250 pm).
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“'Mm-reG mobility in aqueous environment and paper chips. a) i) A cartoon illustrating
the different layers in the assembled *““Mwm.rec (PS-P: 40 um PS particle, PSS: poly(sodium 4-
styrenesulfonate), PEG: PLL-g-PEG). ii) Representative SEM image of the *“*“Mwm-reG (Scale bar:
5 um). iii) Representative SEM images of the *°Mm.peG distribution in the cross section of the
paper chip (Scale bar: 100 pm). “*“Mwm-peG were artificially colored in purple for better visibility.
The locomotion properties of **Mwm.peG in microfluidic channels (b) and peeled paper chips (c).
Trajectory maps (i) low concentration; (ii) high concentration and MSD plots (iii) of ““Mwm-rEG



11) High concentration I)low coneéntration 11) High concentration

® ]

1) Low concentration

Figure S10. Traveling distance of *Mwm-peG: Representative microscopy images of *Mwm-peG at low
concentration (I) and high concentration (II) after they moved in peeled paper for ~3 min. The
insets in the left corner correspond to the initial amount of micromotors prior to exposure to the
magnet (Scale bar: 200 um). *Mwm-rec were artificially colored in purple for better visibility.
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Figure S11. Normalized track displacements of *Mw-peG, Mwm-pEG, 2’Mwm-pEG, and “*“Mw.peG at low
and high concentrations in peeled paper chips.
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Figure S12. “Mwm-rLL mobility in different environments. a) The locomotion properties of “Mm-pLL
in untreated paper (b) and thinned paper chips (c). Trajectory maps (i) low concentration; (i1) high
concentration. iii) Representative SEM images of the *“Mwm.pLL distribution in the cross section of
the untreated and thinned paper chip (Scale bar: 100 um). “Mm-pLL were artificially colored in
orange for better visibility. MSD plots (vi) of “Mwm-pLL when attracted by 2.9 N magnets. a), b)
Scale bars: 250 um).
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Figure S13. Traveling distance of “Mwm.pLL in different types of paper chips. Representative
microscopy images of “Mwm.pLL at low concentration (I) and high concentration (II) after they
moved in peeled paper for ~3 min. (Scale bar: 200 pm). “Mwm-pLL were artificially colored in orange
for better visibility.
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Figure S14. Magnetic measurements of *Mm-peG. a) Virgin curves recorded at 300 K up to a
magnetic field of 1 T, and b) magnetization versus temperature (M-T) curves recorded at low
magnetic field (10 mT).

Table S1. Velocities (v) and interquartile range (in brackets) of *Mw.prLr, *Mm-pEG, and *Mm-c at
low and high concentrations, in water and peeled paper. Note that the interquartile range is defined
by IQR = Q3 — Q1, and contains 50% of the data.

v (ums™)
‘Mm-pLL ‘Mwm-pEG ‘Mm.c
Conc. Low High Low High Low High
Water 5.00 (0.97) 12.5 (4.51) 6.63 (3.10) 20.8 (9.88) - -
Peeled paper | 2.66 (6.74) 17.4 (22.0) 252 (35.2) 27.6 (32.1) - 10.9 (11.0)

Table S2. Magnetophoretic mobility (£) values of the *Mwm-pEG, *Mm-rEG, 2°Mm-pEG, and **“Mwm-reG
in water at low concentration, calculated from eqn. 1, considering the viscosity of water at 25 °C
(n=0.89 mPa-s).

Rp (um) Ru (um) Ax EI0P m’TTA'ls!) | R2m T AlsY)
‘Mm-rEG 2 2.39 0.2369 9.88 24.71
Mm.rEG 4 4.85 0.0659 1.09 6.79
XMpr-pEG 10 * 0.0724 9.04 9.04
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“OMm-rEG 20 * 0.0216 1.08 2.70

*Due to the large size of these motors, the hydrodynamic radii could not be measured by DLS,
hence the particle radii were considered instead for the calculations.

Table S3. Determination of the colored areas to estimate the percentage of *Mm-peG that traveled
from the loading area to the magnet proximity (~0.67 cm) in 3 min.

‘Mm.pEG SMm-rEG PMm-rEG OMwmpeG
Conc. Low High Low High Low High | Low High
Colored Area (%) 487 1732 6.65 30.22 1.91 12.59 | 0.57 71.98
*Mwm-reG that reached the | 13 31 27 38 17 36 7 45
end of the paper (%)

Table S4. Determination of colored area used to estimate the number of *Mu-prL that traveled from
the loading area to the magnet proximity (~0.67 cm) in 3 min in the different paper environments.

Thinned paper Peeled paper Untreated paper

Conc. Low  High Low  High Low  High
% Colored Area 6.57 2045 3.66 13.93 26.90 28.76
Number of *“Mwm.pLL 9569 29801 5334 20294 19492 20839
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