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Supplementary Figures 

 

Fig. S1 SEM images of (a) pure ZIF-8, (b) CAT-ZIF-8, and (c) Anti-CEA-CAT-ZIF-8 
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Fig. S2 CLSM image of FITC-CAT-ZIF-8 

 

Fig. S3 Fluorescence intensity calibration curve of FITC-CAT 

 

Fig. S4 Powder X-ray diffraction patterns of pure ZIF-8 and Anti-CEA-CAT-ZIF-8 
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Fig. S5 SEM images of Anti-CEA-CAT-ZIF-8 after (a) 12 h and (b) 24 h incubation in 

PBS buffer solution 

 

Fig. S6 Immunofluorescence images of (a-c) CEA positive MCF-7 cell line and (d-f) 

CEA negative L929 cell line. The secondary antibody was labeled with Alexa Fluor 488 

(green). The cell nuclei were stained with Hoechst (blue) 

 

Fig. S7 The absorbance of the supernatant from synthesized Anti-CEA-CAT-ZIF-8 at 

310 nm 
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Fig. S8 Zeta potentials of pure ZIF-8, CAT-ZIF8, and AbCEA-CAT-ZIF8 

 

Fig. S9 Flow cytometry results of MCF-7 cells treated with FITC labeled CAT-ZIF-8 

and Anti-CEA-CAT-ZIF-8 
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Fig. S10 Partial screenshot of imaging flow cytometry results: (a) untreated cells, (b) 

cells with stained nuclei, and (c) cells stained with nuclei and treated with the Anti-

CEA-CAT-ZIF-8. The morphology of each cell was recorded with ultra-violet light 

(first column). The nanobots are labelled with FITC (green, second column) and the 

cell nuclei are stained with Hoechst (blue, third column) 
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Fig. S11 Dissolved oxygen increments in the working environment 

 

Fig. S12 The displacement of the Anti-CEA-CAT-ZIF-8 nanobots with different 

concentration of hydrogen peroxide. The error bars represent the standard deviation for 

three independently recorded trajectories 

 

Fig. S13 The average ascending velocity of the Anti-CEA-CAT-ZIF-8 nanobots with 

different concentrations of hydrogen peroxide 
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Fig. S14 Cell viability (CCK-8) with different amounts of Anti-CEA-CAT-ZIF-8 

ranging from 0.2 to 4 μL 

 

Fig. S15 Cell viability (CCK-8) with fixed amount of 0.5 μL of Anti-CEA-CAT-ZIF-8 

and different amounts of H2O2 ranging from 0.2 to 6.4 mM 
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Fig. S16 Screenshots of the actual path of nanobot attached cells in the customized 

glass column extracted from the video. The positions of the nanobots are indicated with 

the yellow dashed line 

 

Fig. S17 Fluorescence images of (a-d) before and (e-h) after nanobot-enabled cell 

“find-and-fetch” from adherent cell mixture. The MCF-7 (pseudocolored in red) and 

L929 (pseudocolored in yellow) were dyed with Hoechst and calcein AM, respectively. 

Scale bars are 200 μm 
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Fig. S18 Flow cytometry spectrum shift with (a, d) 1 μL, (b, e) 1.5 μL, and (c, f) 2 μL 

of FITC-labelled Anti-CEA-CAT-ZIF-8. The spectra of pure cells were displayed in red. 

The shifted spectra of MCF-7 and L929 are displayed in dark green and light green, 

respectively 

 

Fig. S19 Flow cytometry spectra shift with (a, d) 1 μL, (b, e) 1.5 μL, and (c, f) 2 μL of 

CAT-ZIF-8. The peaks of pure cells are displayed in red. The shifted peaks of MCF-7 

and L929 are displayed in dark blue and light blue, respectively 
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Fig. S20 Fluorescence images of (a-d) before and (e-h) after nanobot-enabled cell 

“find-and-fetch” from suspended cell mixture. The MCF-7 (pseudocolored in red) and 

L929 (pseudocolored in yellow) are dyed with Hoechst and calcein AM, respectively 

(Scale bars are 200 μm) 

 

Fig. S21 Fluorescence image of lifted cells from mixed L929 and MCF-7 cells in the 

ratio of 1:1000. The L929 and MCF-7 are labelled calcein AM (green) and with 

Celltracker Deep Red (red), respectively (Scale bar is 50 µm) 
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Fig. S22 A disposable syringe attached to a three-way valve for cell separation 

 

Fig. S23 Flow cytometry results of lifted cells from mixed L929 and MCF-7 cells in 

the ratio of 50%:50%. The MCF-7 cells are labelled with Cellmask Orange

 

Fig. S24 SEM images of the recovered cells after re-seeding. Scale bars are 5 μm in (a) 

and 1 μm in (b) 
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Fig. S25 Cell viability (CCK-8) of pure cells and recovered cells after nanobot-enabled 

“find-and-fetch” 
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