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Figure S1: Optimization of the hybridization conditions (A) Hybridization time optimization study (target DNA 

hybridization (1 nM) with FAM-L probe (40 nM)) (red) GQD–MRs in motion by using 1% H2O2 (black) GQD–

MRs without motion. During the time optimization study, the fluorescence intensity increased with the increase 

in time up to 7 minutes (in case no H2O2) whereas up to 5 minutes (in case H2O2). (B) Effect of pH study (5, 6, 7, 

8) on DNA hybridization using GQD–MRs. While pH 5 exhibited poor signals due to partial protonation of ssD-

NA's phosphate backbone, resulting in weak hybridization, at pH 6 protonation and deprotonation led to a slightly 

higher signal. A significant signal increase occurred at pH 7, peaking at pH 8, indicating pH strongly influences 

hybridization efficiency.1–3 (C) Effect of the salt concentration (50, 75, 100, 200 mM) on the DNA hybridization 

process. Increasing Tris-HCl concentration (50 to 200 mM) enhanced the peak, possibly due to Tris molecules 

forming hydrogen bonds with DNA backbones and binding to solid surfaces via -NH3+ groups. Additionally, -

NH3+ groups attached to DNA phosphate groups, while -OH groups formed hydrogen bonds with the adsorbent 

surface, contributing to the observed increase.4,5 Conditions: Excitation wavelength 490 nm.  
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Figure S2: FTIR characterization of the bare GQD–MRs (black), FAM-L@GQD–MRs (red).  

 

 

 



S4 
 

Figure S3: UV-vis characterization: the UV-vis absorption spectrum of the bare GQD–MRs (blue), FAM-

L@GQD–MRs before (red) and after hybridization with the target DNA (green). 

 

 

 

Figure S4: Fluorescence characterization (a) is depicting the control of the GQD–MR in the bright field mode. 

(b) fluorescence due to the GQDs embedded on the surface of the microrobots. (c) fluorescence of FAM-L probe 

present on the surface of the GQD–MRs. (d) is depicting the multichannel image of the GQD–MR with DNA 

probe on its surface. 
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Figure S5: Fluorometric “on-the-fly” assay at different target concentrations (0.05, 0.10, 0.5, 1, 10, 25, 50, 100 

nM) on the fluorescence emission spectra of the GQD–MRs (with motion). Conditions: Excitation wavelength 

490 nm, FAM-L probe concentration 40 nM, hybridization time 5 minutes.  
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Figure S6. Fluorometric assay at different target concentrations (1, 10, 25, 100 nM) under static conditions. An 

inset shows the concentration calibration curve for the target DNA hybridization based on the performance of 

GQD–MRs in the absence of motion. Conditions: Excitation wavelength 490 nm, FAM-L probe concentration 40 

nM, hybridization time 5 minutes.  
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Figure S7. Fluorometric assay comparison motion vs. no motion. Red depicting the fluorescence response of the 

FAM-L probe, when GQD–MRs were in motion while blue represents the micromotors without motion. 

Conditions: Excitation wavelength 490 nm, FAM-L probe concentration 40 nM, hybridization time 5 minutes. 
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Table S1: Table comparing optical “on-the-fly” determination of DNA using microrobots. 

Type of 
Micromotors 

Target detected Detection Range Environment Detection 
Limit 

Reference 

Catalytic 
Nanomotors 

(Au-Pt bimetallic 
nanowire) 

DNA sensing 0.01 -100 nM In-vitro 0.01 nM [6] 

Enzyme-
powered 

micromotor 

DNA detection 10 nM to 1000 
nM 

In-vitro 10 nM [7] 

Catalytic, 
magnetic and 

hybrid 
micromotors 

Gastric cancer 
biomarker 
detection 

1000 to 10000 nM In-vitro 1300 nM [8] 

Helical hydrogel 
micromotor 

Tumor DNA 
detection 

2500–25,000 nM In-vitro 250 nM [9] 

GQD-MRs- 
based dynamic 

biocarriers 

DNA detection 1–100 nM In-vitro 0.05 nM Present 
work 
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