
Supplementary material 

1. The basic design of our detection platform (BPCL) 

We built a fluorescence detection platform (BPCL) which is capable of counting 

fluorescence intensity change. QDs-chromatophores, which were fixed on glass slips, 

excitated by LED light (wavelength at 488nm). The emission light of 

QDs-chromatophores (wavelength at 535nm) went through the filter (535nm) which 

eliminated redundant LED light. And then, emission fluorescence was amplified by 

photomultiplier and the intensity of fluorescence was measured and recorded by 

computer. 

 

Fig. 1. A schematic diagram of fluorescence detection platform (BPCL). 

2. Concentration counting 

one chromatophore has about 0.79 F0F1-ATPase in average [1]. chromatophores 

have 100 nm diameter， the well is diameter 5 mm， so that the one well would be 

utmost chromatophores was 10
8
 numbers. In our experiments, single F0F1-ATPase 

corresponded to three loads of target miRNA. According to the above counting, 

molecular amounts of miRNAs were estimated to be 1.2×10
-15

 mol (molecules)in 10
6
 



cells. The low limit of quantitation for these assays is about 1.2×10
-18

 mol /LmiRNAs 

in 10 cells 

4. Forming a rotary biosensor 

The previous study demonstrated that the rotation of δ-deleted F0F1-ATPase was 

stopped by adding CCCP, which means the rotation was driven by PMF 

(proton-motive force) in the FoF1-ATPase [4]. Similar to the CCCP treated sample, F0 

channel inhibitor DCCD completely inhibited increase of fluorescence, which 

confirmed the changes of fluorescence intensity were caused by protons pumped out 

of chromatophores. Furthermore, the addition of NaN3/ATP not only inhibited the 

hydrolysis activity of the δ-free FoF1-ATPase, but also helped β3 and γ bind together 

tightly [4-6]. Based on this principle, the inhibition of increase of fluorescent intensity 

can reflect the different molecule loads on β subunit of F0F1-ATPase. 

5. The illumination time 

Before the detection, the miRNA probe system on glass slide was exposed under 

the cooled light source with a 570 nm filter to initiate the rotation of the FoF1-ATPase. 

During illumination, 100 µl formamide hybridization solution containing 2 mM NaN3 

and 2 mM ATP was infused into the chamber to form a rotary F0F1-ATPase. In our 

experiment, many proteoliposomes consisted of one FoF1 motor and a lot of 

bacteriorhodopsins (BRs) molecules. The illumination makes BR convert radiation 

energy into electrochemical gradient of proton. The proteoliposome is a reservoir to 

store the energy. The light energy was stored when it was transferred into 

transmembrane proton gradient motive force to drive F1 rotation for a long time after 



the illumination. The more illumination can keep up the electrochemical gradient of 

protons for the longer time, which lead to the increased activity of ATPase.  

 

Fig.2. The light source with a 570 nm filter to initiate the rotation of the FoF1-ATPase 

for 1 hr (curve a), 30min (curve b), 15min (curve c), and 0 min (curve d), respectively 
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