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ABSTRACT 
This work is the first report on the use of synthetic microfluidic paper for lateral flow 

immunoassays. We grafted test lines of biotin on the synthetic paper using the thiol-yne 
“click” reaction. We captured fluorescently labeled streptavidin in a lateral flow fashion. 
Our two main findings are that, compared to other polymer lateral flow substrates with 
similar surface area, the synthetic microfluidic paper geometry results in 1) a stronger and 
more stable fluorescent signal per capture area, and 2) a sensitivity ~7 times higher. 
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INTRODUCTION 

Porous substrates, such as nitrocellulose, silicon and polymer pillar forests, are widely 
used in lateral flow tests. However, the application of these substrates is limited: 
nitrocellulose features high variability in microstructure, opaqueness and strong 
autofluorescence; silicon pillar forest are expensive to fabricate, and; polymer pillar 
forest have low aspect ratio limiting the surface area for analyte capture. Here we address 
the fluorescence signal intensity emanating from “synthetic microfluidic paper” (SMP), a 
porous substrate with high optical transparency, repeatable surface chemistry, repeatable 
geometry, and high surface area [1]. SMP substrates are synthesized by a single-step 
multidirectional lithography of off-stoichiometric thiol-ene polymer (OSTE) [2]. The use 
of OSTE results in a natively reactive surface with free thiol groups. 
 

 
Figure 1. (a) 3D schematic of the synthetic microfluidic paper geometry [1]. (b) Photograph of a 

synthetic microfluidic paper-based lateral flow test strip. (c) Photograph of the microstructure.  



 EXPERIMENTAL 
The experimental procedure is shown in Figure 2a. (1) SMP was fabricated using 

OSTE 220 (Mercene Labs, Sweden) as reported previously [1]. The capillary flow path 
has a low porosity (lateral periodicity = 200 µm) and the conjugate pad, test line and 
control line a high porosity (lateral periodicity = 150 µm). (2) Biotin alkyne was dropped 
on the readout line. (3) The thiol-yne click reaction between thiol groups and biotin 
alkyne was initiated by UV irradiation and photoinitiator. (4) Washing. (5) Streptavidin 
solution is added and flows through the SMP. (6) Washing. Besides SMP (i), we tested as 
control surfaces (ii) straight pillar forests, and (iii) pillar forests that spontaneously 
collapsed (Figure 3b). The pillar diameter, lateral periodicity and thickness of all the 
substrates were the same. The surface areas of the straight and collapsed pillar forests are 
~52% of that of SMP.  
RESULTS AND DISCUSSION 

The measured fluorescence signal is shown in Figure 3 and Table 1. The signal 
increases linearly with the streptavidin concentration. The signal emanating from SMP 
substrates is superior to that of the control substrates in terms of signal intensity, variance 
and sensitivity (slope of the fitting line). The lower limit of detection (LoD) of 
streptavidin in buffer is 0.187 µM, which is comparable to previous studies [3]. We 
hypothesize the improved performance of SMP-borne signal compared to straight pillar 
forests is caused by the angular distribution of fluorescence signal on the interface with 
different refractive index [4]. 

The results show the excellent potential of synthetic paper for lateral flow assays with 
fluorescent readout, and the generic biotin-streptavidin system used here is easy to adapt 
for the detection of other biomolecules. 
 

 
Figure 2. (a) Experimental procedure of streptavidin detection on a lateral flow assay. (b) Biotin can 

be specifically coated on the high density pillar region by exploiting the stronger capillary force of high 
density region.   
 



 
Figure 3: The fluorescence intensity emanating form SMP (green), collapsed pillar forest (orange), 

and straight pillar forest (red) shows that SMP results in a stronger fluorescence than collapsed pillar 
forests and straight pillar forests.  

 
Table 1: Comparison of the signal emanating from the different substrates. 
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