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Nanoliter immunoassay based on capillary immune microreactor and inkjet injection technology
Jianmin Yang, Hulie Zeng, Hizuru Nakajima, Katsumi Uchiyama*

Department of Applied Chemistry, Graduate School of Urban Environmental Sciences, Tokyo Metropolitan University, Minamiohsawa, Hachioji, Tokyo 192-0397, Japan
Introduction and Results: Immunoassay is a crucial analytical technique that is widely used in biological research because of its high sensitivity and specificity. Immunoassays performed on a conventional microtiter plate with colorimetric or fluorescent detection are the most commonly used method among various immunoassays. However, it also suffers from high cost of biological reagent, long assay time, and cumbersome procedures. Over the past years, a variety of novel immunoassay approaches have been developed to address these problems. Among them, low reaction volume immunoassays have attracted considerable interest for reducing the reagents consumption and accelerating the assay speed. Flow-injection immunoassay (FIIA) method effectively reduces sample and reagent consumptions and simplifies procedures, but it cannot deal with nanoliter volume samples. The classical microfluidic chips, digital microfluidic platform, compact disk-like microfluidic platform, and SlipChip, which provide highly portable systems and make the immunoassays perform with nanoliter volume of sample and reagent are available. However, these microfluidic devices usually required sophisticated channel design that allows the reagent delivery and mixing, and precision control systems, such as multiple valves and pumps. To meet the need for low volume consumption, accelerate assay times, convenient detection, and easy operation device, a capillary-based immune microreactor combined with inkjet injection technology system was presented in this work.
The analysis system fabricated in our work was integrated inkjet injection, capillary immune microreactor, and laser-induced fluorescence (LIF) detection. Under the optimum conditions, we evaluated the performance of immunoassay system for standard human IgA solutions first. A detection limit of 0.03 ng/mL was recorded for the developed method which was lower than the conventional methods. The RSDs obtained from all the concentration are below 6.5%. The immunosensor showed a fairly good logarithmical relationship with the concentration of human IgA ranging from 0.1 to 100 ng/mL with the R2 value of 0.9959. The wider linear response indicated that the quantity of immobilized antibody was significantly increased by the amine-functionalized pretreatment. 
To confirm the practical application of the proposed immunoassay system, human IgA in real saliva sample was assayed. Meanwhile, the accuracy of the assay results was compared with the conventional ELISA on 96-well plates. Under our experimental conditions, the concentration of human IgA in tested saliva samples were between 201.8 and 239.2 μg/mL, which are consistent with the conventional methods. Additionally, the RSD of proposed system were below 5.0% for all saliva samples in the 3 parallel experiments. It demonstrated that the proposed immunoassay system have the potential for application in clinical diagnostics.
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