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ABSTRACT  

This paper reports on a new microfluidic platform and its application to the implementation of affinity assays. 

Multiple LED-actuated wax valves can be integrated in the microfluidic chips allowing the automated control of 

different fluids with a compact instrument. TNFα cytokine species was successfully detected with this system us-

ing a sandwich-like Enzyme Linked Immunosorbent Assay protocol.  
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INTRODUCTION  

The transfer of lab-on-a-chip prototypes into the market is often limited by their portability due to the lack of 

integrated actuators (e.g. microvalves or micropumps), which typically require the use of bulky external elements. 

As a consequence, most portable commercial systems integrate a very small number of valves and can only carry 

out simple assays. Here we demonstrate the integration of multiple LED-actuated wax valves (Figure 1.a) in lab-

on-a-foil chips fabricated with rapid prototyping techniques, namely laser cutting of Polyethylene Terephthalate 

(PET) and pressure sensitive adhesive  (PSA) layers, and its application to the implementation of a fully automat-

ed Enzyme Linked Immunosorbent Assay (ELISA) controlled by a compact and portable instrument.  

The  LED-actuated valves are based on a wax-plug and a printed (toner) photothermal heater (Figure 1.a). 

Since only a small part of the wax  plug is melted in each actuation (Figures 1.b-1.e), they can be opened and 

closed many times, as it was demonstrated in [1]. Multiple wax valves can be easily integrated in a chip. This al-

lows the different reagents involved in the assay to be controlled with a single plunger actuator, which differenti-

ates our system from those requiring one plunger per reagent [2]. In the present design, an elastomeric part is 

placed inside a pumping chamber to enable both positive and negative pressure generation.  

         
Figure  1: Valve structure (a) and working principle (b-e). 

The details of the instrument and chip designs are presented in Figures 2.a and 2.b, correspondingly. The chip 

is easily aligned to the array of LEDs in the instrument through alignment posts. An Arduino board is used to con-

trol the pumping and valve opening/closing sequence that performs the complete ELISA protocol on the 6-valve 

chip. The first two steps of the protocol are shown in Figures 2.d and 2.e. 

 

EXPERIMENTAL 

A TNFα sandwich immunoassay was carried out on the porous surface of a 2 mm-long nitrocellulose block 

functionalized with TNFα-antihuman capture antibody and placed in the main channel during assembly. Five con-

centrations of TNFα were tested in different chips. Horseradish peroxidase (HRP) labeled antibodies and Tetra-

methylbenzydine (TMB) solutions were also flown to complete the assays. PBS buffer pH 7.4 containing 0.05 % 

Tween 20 and 1% BSA was used for the blocking and washing steps. The total time of the assay is 65 minutes. 



RESULTS AND DISCUSSION 

Figure 3 shows the signal recorded at the output of the photodetector when the TMB solution is slowly flown 

through the absorbance detection area after 5-minute incubation in the nitrocellulose segment. The dose-response 

curve obtained after testing 5 concentrations of TNFα in duplicate is shown in Figure 4.  

 
Figure  2: Instrument structure (a, b), a chip loaded with colored solutions (c), main channel priming and initial blocking 

step, inset showing a close up view of a valve (d), and sample injection into the main channel (e).  

                                                                                                                     
Figure  3: Snapshot of the recorded absorbance signal. 

CONCLUSION 

The implementation of a complete ELISA assay with LED-actuated wax valves has been demonstrated. The tech-

nology can be easily scaled-up, which will allow multiplexing in future chip designs. The current instrument ver-

sion can control up to 64 valves with only 16 digital outputs (by row-column addressing of the LED array).  
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Figure  4: Dose-response curve for 5 TNFα concentrations.  


