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Supplementary Figure S1. TEM image of MFN.
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Supplementary Figure S2. a, STEM-energy dispersive X-ray spectrum (EDX) of MFN
showing magnesium (Mg), iron (Fe), and oxygen (O). b-f, Scanning transmission electron

microscopy (STEM) image of MFN with corresponding elemental maps.
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Supplementary Figure S3. Dynamic light scattering (DLS) size distribution curve of MFN.
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Supplementary Figure S4. a, MFN are drawn from the solution to the sidewall of the vial when
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exposed to a magnetic field due to the presence of FesOs hemispherical shell. b, Tracking

trajectories of autonomously propelling MFN when exposed to a magnetic field.
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Supplementary Figure S5. Normalized fluorescence emission spectra of Cy5 and MFN in PBS.
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Supplementary Figure S6. Analysis of the motion behavior of MFN. Representative tracking

trajectories of MFNSs in different biologically relevant media.



Supplementary Figure S7. Effect of NaHCO3; on HCT116 cells at a, 0 min, b, 10 min, ¢, 30

min and d, 60 min. NaHCO3 does not appear to purturb cell significantly as seen in the images.



Supplementary Table S1. Total propulsion time of MFN in various media.

MNF propulsion time (min)
NaHCOs Conc (M). 0 0.5
DMEM 1.1 5.2
PBS 0 5.8
Serum 7 >28

Supplementary Table S2. Number of HCT116 and MCF7 cells captured with MFNs in various
biological media.

NanoSystem Used <
MFN (Tf) + MFEN (Ab) +
Cells MFN (T1) MPN (Ab) NaH(C(g)s Nal—gco)s %
Added % Cells Captured
eI I merr | MCTH | MeF7 | HeT1l6 | MCF7 | HCT116 | MCF?
10 25 29.17 40 45.83 100 100 100 100 |o
25 29.17 | 50.00 | 31.25 | 55.36 100 100 100 100 ,.%
50 48.04 | 36.44 | 46.08 | 39.83 99.04 100 99.04 100 |=
75 46.58 | 42.11 | 43.84 | 48.68 97.95 100 97.95 100
100 37.86 | 47.14 | 35.92 | 50.00 93.81 100 93.30 100
10 36.11 | 39.29 | 375 32.14 100 100 100 100
25 38.37 | 57.14 | 36.67 | 48.22 100 100 100 100 -
50 55.67 | 55.66 | 52.54 | 47.17 95.69 100 100 100 [
75 31.08 | 51.32 | 35.14 | 55.92 96.53 100 95.14 100
100 2521 | 51.38 | 29.21 | 40.83 92.07 100 91.01 100
10 50 68.75 | 44.44 50 100 100 100 100
25 66.67 | 56.90 | 64.81 | 41.38 100 100 100 100 |gm
50 43.86 | 50.00 | 39.47 | 38.46 98.18 100 99.09 100 |3
75 56.76 | 51.33 | 41.22 | 44.00 99.31 100 98.61 100 [
100 50.49 | 54.95 | 56.80 | 48.52 98.44 100 98.96 100
10 40 59.09 35 50 100 100 100 100 |~
25 58.93 | 52.00 | 41.07 38 100 100 100 100 fcg
50 5481 | 54.81 | 66.35 | 35.58 98.98 100 98.98 100 ;
75 41,22 | 52.00 | 45.95 | 45.33 98.70 100 98.70 100 |35
100 4575 | 63.27 | 44.81 50 97.89 100 98.86 100 |<




Supplementary Table S3. Number of cancer cells captured by recent typical nanomaterial-
based CTC isolation approaches.

Sr. | Nanoparticle Cell line | Cell count | Incubation | Capture Reference
No used for | utilized Time efficiency
testing for
capture
efficiency
1 | Anti-EpCAM- MCEF-7 10-200 >20 min 97% with | [1]
modified F-MNPs and cells/mL Anti-
dual (EpCAM- EpCAM-
modified and anti-N- modified
cadherin-modified ) F-MNPs
antibody-modified F- and 98.8%
MNPs with dual
antibody-
modified
F-MNPs
2 | Anti-EpCAM antibody | MCF-7 10-200 0-24 h ~90% in [2]
modified RBC-IMNs | and PC-3 | cells/mL PBS,
(Immunomagnetic ~60% in
micro/nanoparticles) blood
3 MNPs@hydrogel-anti- | MCF-7 5-100 25 min 97% in [3]
EpCAM nanoparticles cells/mL PBS and
96% in
blood
4 Gelatin MCF-7, 20-250 20 min >80% [4]
nanoparticle-coated MDA- cells/mL
silica microbead MB-231,
functionalized with HCT116
anti-EpCAM and anti- | and HT-
CD146 Abs 29
5 Hollow glass MCF7 30-1000 20 min 93.6% [5]
microspheres cells/ml in
modified anti-EpCAM 5x diluted
antibody blood




Supplementary Table S4. CTCs captured by MFN in clinical samples of epithelial cancer
patients.

Cancer patient data for clinical trials

Sr.No. Cancer type Number of CTCs mL™*
observed

1 Colorectal 0

2 Breast 3

3 Lung 0

4 Breast 5

5 Ovarian 1
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