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Supporting Videos: 

Video 1. Movement of a self-propelled template-imprinted microengines (MIP) vs a non-MIP 

microengine in a PBS solution containing 0.75% H2O2 and 1.25% NaCh. 

Video 2. Specificity of the ‘Capture-Transport’ process by the MIP-based microengines vs control 

experiments involving navigation of non-MIP micromotors in solutions containing the target protein.  

Video 3. Dependence of the protein uptake by the MIP-based micromotor upon locomotion time. 

Video 4. Dependence of the protein uptake by the MIP-based micromotor upon target concentration. 

Video 5. Capture and transport of the target protein in serum and saliva fluid samples. 

 

Supporting Figures: 

 

SI Figure 1. Effect of increasing target protein concentrations upon the MIP-protein interaction. (b-f) 

PEDOT/Pt MIP prepared with a 1 mg/ml Av-FITC protein template were allowed to interact with 
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increasing concentrations -b) 0, c) 0.005, d) 0.01, e) 0.1, f) 1 mg/ml- of the target protein, for 30 min. (a) 

Non-MIP were allowed to interact with 1 mg/ml Av-FITC, for 30 min as negative control.  Images, 

artificially colored with green for a better contrast.  

 

 

SI Figure 2. Effect of the incubation time on the MIP-protein interaction. PEDOT/Pt MIP prepared with 

a 0.1 mg/ml Av-FITC protein template were allowed to interact with 0.1 mg/ml of the target protein for a) 

10, b) 20 and c) 30 min. Images, artificially colored with green for a better contrast. 

 

Experimental Section 

Reagents and Apparatus. A Cyclopore polycarbonate membrane, containing 2 mm diameter 

conical-shaped micropores (Catalog No 7060-2511; Whatman, Maidstone, U.K.), was employed 

as the template. 3,4-ethylenedioxythiophene (EDOT), poly(sodium-4-styrenesulfonate) (NaPSS, 

MW ~70 000), sodium dodecyl sulfate (SDS, MW 288.38 g/mol), avidin-FITC from egg white, 

potassium nitrate, hydrogen peroxide and sodium cholate (NaCh) were purchased from Sigma. 

Proteins were dissolved in 0.05 M phosphate buffer pH 7.0, prepared from analytical grade 

KH2PO4 and K2HPO4. The washing solution (PBST-20X) consisted of 0.05 M phosphate buffer 

pH 7.0 containing 0.15 M potassium chloride and 0.05% Tween-20. Ultrapure water (18MV cm, 

Millipore Corporation, USA) was used for the preparation of all aqueous solutions.  

 

Preparation of the MIP-based Micromotor. The polycarbonate membrane was sonicated for 3 

min to remove the air that can be present in the micropores and then was incubated in solution 

containing 0.5 mg/mL of Av-FITC target protein (template) in a humid chamber for 30 min and 

in air for additional 20 min. After rinsing with water, PBST-20X and water, the membrane (with 

the pre-adsorbed protein template) was sputtered with Au on one of its sides to provide the 

conductivity and use as working electrode. For this purpose, a ~75 nm-thick gold film was 

sputtered using the Denton Discovery 18 sputtering system. The coating was performed at room 

temperature under base vacuum of 5×10
-6

 Torr, DC power of 200 W and an Ar pressure of 3.1 

mT, along with a rotation speed of 65 rpm and sputtering time of 90 s. A Pt wire and Ag/AgCl (3 

M KCl) served as the counter and reference electrodes, respectively. The membrane was then 

assembled in a plating cell with an aluminum foil serving as a contact. Tubular microengines 
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were prepared using a common template directed electrodeposition protocol.
18 

Poly(3,4-

ethylenedioxythiophene) (PEDOT) microtubes were prepared via electropolymerization at +0.80 

V using a charge of 4 C from a plating solution containing 10 mM EDOT and  125 mM NaPSS. 

Subsequently, an initial Pt layer was deposited galvanostatically at -2 mA for 200 s from a 

commercial platinum plating solution (Platinum RTP; Technic Inc, Anaheim, CA) to improve 

the mechanical properties of the polymeric layer. Then, an additional Pt layer was deposited at -2 

mA for 300 s from a Pt–Ni mixture solution to provide a smooth and high conductive surface 

after the polymer deposition and improve the deposition of subsequent metallic layers. An 

intermediate Ni layer (essential for magnetic guidance) was then deposited potentiostatically at -

1.3 V for 2.0 C. Finally, the inner catalytic Pt layer was deposited galvanostatically at -2 mA for 

450 s. The Pt–Ni mixture solution was prepared by mixing equal volumes of the commercial 

platinum plating solution and of a nickel plating solution (a mixture of 20 g/l NiCl2.6H2O, 515 

g/l Ni(H2NSO3)2.4H2O, and 20 g/l H3BO3). Details of the reagents have been described 

elsewhere.
18

 The sputtered gold layer was completely removed by hand polishing with an 

alumina slurry (3-4 µm). The membrane was then immersed in a slowly stirred (~120 rpm) 

methylene chloride solution for 15 min to completely dissolve both the membrane and remove 

the protein template. During this period, the methylene chloride was exchanged three times and 

the micromotors were collected by centrifugation at 6000 rpm for 3 min. Following this 

procedure, the micromotors were rinsed twice with ethanol and finally twice with 18.2MΩ·cm 

ultrapure water. All microengines were stored in ultrapure water at room temperature until use. 

Preliminary incubation experiments were carried out by removing the supernatant (at 6000 rpm 

for 3 min) of 50 µl of template-imprinted microtubes solution and incubating them in solutions 

containing increasing Av-FITC concentrations (0-1) mg/ml in 0.05 M phosphate buffer pH 7.0, 

at quiescent conditions, for 30 min. To remove non-specifically bound proteins, the micromotors 

were washed with 100 µl stirred PBST-20X for 10 min and resuspended in 50 µl of phosphate 

buffer (0.05M, pH 7.0). “On the fly” capture and transport experiments were performed by 

placing a total of 8 µl of a solution mixture on a glass slide. The mixture consisted of four 

different solutions (2 µl each), including the template-imprinted microtubes, 5% NaCh, 3% H2O2 

and protein solution (in the desired concentration).  

Fluorescence Microscopy. Images and videos were captured using CoolSNAP HQ2 camera, 

40X objective (unless mentioned otherwise) and acquired at a frame rate of 10 frames/s using the 

Metamorph 7.1 software (Molecular Devices, Sunnyvale, CA). A Nikon Eclipse 80i upright 

microscope with B2-A FITC filter was used to capture fluorescence images and videos.  The 

protein coverage on the micromotors was estimated by analyzing the corresponding time-lapse 

images using the ImageJ software (where 100% means complete fluorescent coverage of the 

exposed surface). The obtained mean fluorescence-intensity values (n=3) were corrected with the 

cameras’s gain control and plotted as arbitrary units in all the graphs depicting fluorescence. 


