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1. Introduction – Due to their wide applicability fields, lab-on-a-chip (LoC) devices have been one of the 

main focuses of the scientific community recently. They enable efficient and specific detection of target 

analytes while preserving advantages such as easy fabrication, reduced production costs, accuracy, and so 

on. Despite technical advancements in this direction, there has long been a need to produce biosensing 

devices with high sensitivity, downsizing, portability, ease-of-use, and quick response capabilities. Metal 

enhanced fluorescence (MEF) as a sensitive detection technique, is a relatively new development in 

diagnostic analytical technology, particularly in the near-infrared region of the electromagnetic spectrum. 

In this area, we provide a new paper-based microfluidic plasmonic design for efficient MEF detection of 

the biotin-streptavidin recognition interaction. Our concept takes advantage of gold nano bipyramids, 

which are used as effective optical enhancers to promote MEF due to the strong enhanced 

electromagnetic field present at their sharp tips, and filter paper, which can be used as a natural 

microfluidic channel due to its excellent wicking abilities and flexibility. 

 

2. Experimental - Gold nanobipyramids (AuBPs) were synthesized using a chemical seed-mediated 

approach. [1] The surface functionalization with glutaraldehyde of the nanobipyramids succeeded in order 

to improve its reactivity towards further functionalization with biomolecules. Furthermore, the 

functionalised nanoparticles were immobilised on filter paper by tracing isolated plasmonic lines, using a 

simple pen filled with nanobipyramids colloid as plasmonic ink, to obtain the plasmonic paper. The as 

obtained plasmonic paper was embedded in a durable sandwich optically transparent 

polydimethylsiloxane (PDMS) chip that offers both portability and flexibility while maintaining the chip's 

features. Finally, a biosensing protocol was developed and employed using an automated syringe pump 

system. We injected sequentially into the chip 0.5 mg/mL human IgG, 1% BSA in PBS, 0.5 mg/mL 

biotin-conjugated human anti-IgG, and 0.5 mg/mL Alexa 680-conjugated streptavidin. After each stage, a 

10-minute incubation period was formed.  

 

3. Results and Discussion - Investigation of the optical and morphological properties of the plasmonic 

paper was established by recording extinction spectra and Scanning Electron Microscopy (SEM) 

microscopic images. LSPR detection of the immunological biotin-streptavidin reaction was validated by 

observing a redshift of the extinction spectra after every step of the biosensing protocol. Bulk 

fluorescence studies reveal a 1.3-fold average amplification of the fluorophore's emission when the 

biotinylated system captures Alexa680-conjugated streptavidin. The local enhancement factor, on the 

other hand, might be much higher, with values ranging from 5 to 6.3, validating our chip as NIR-MEF 

biosensor. In order to further test our device, we compare the free Alexa680 fluorescence emission 

spectrum with the one following the capture of Alexa680-conjugated streptavidin, noticing a 3 nm 

redshift. 

 

4. Conclusions - We constructed a new revolutionary microfluidic plasmonic paper-based system capable 

of selectively detecting the specific biotin-streptavidin recognition interaction, via indirect NIR-MEF 

biosensing. 
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