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An automated microfluidic platform called GRAVIÊ will be presented here as a novel robotised bench-top 
system for fast and automated ELISA analysis in low volumes. By dramatically reducing time-to-result 
(total assay time of <10 min, including chip regeneration)

1,2
 and significantly decreasing sample/reagent 

consumption and cost, this microfluidics-based biosensor system allows performing multi-menu 
immunoassays with simplified robotics and laboratory infrastructure. 

Coupled to a sample preparation robot, the GRAVIÊ system can handle samples and reagents from 
conventional plates or tubes, and automatically pipettes these into a tilted linear microchannel array 
(GRAVIÊ-Chip) arranged in SBS compatible format. The sample-, washing-, conjugate- and substrate- 
solutions are dispensed successively in the upper reservoirs of the micro-channels, and flow by gravity-
induced pressure towards the bottom waste outlets

3
. 

The affinity capture is ensured either by antibodies immobilised on the micro-channel walls, or by 
functionalised magnetic beads trapped with a programmable magnet addressing each microchannel 
individually, as illustrated in Figure 1. Detection is performed in parallel by electrochemical means

4
, and 

the chips are regenerated after each assay, either with an affinity elution buffer or by releasing the 
magnetic beads. Some degree of multiplexing (4-Plex) is also possible with the GRAVIÊ-Chips, providing 
that the secondary antibodies are labelled with different enzymes (ALP, b-Galactosidase, HRP and 
Glucose oxidase). 
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Figure 1: A) Photograph of the robotized GRAVIÊ-Cell coupled to a sample prep robot (Carvo MSP, Tecan, 
CH); B)Technical drawing of a GRAVIÊ-Chip with its network of electrodes and solution reservoirs; C) 

Technical drawing of a microchannel cross-section with flowing magnetic beads being captured by a magnet. 

 

The GRAVIÊ-Chip is simply inserted into a USB-powered reader (GRAVIÊ-Cell), which carries a magnet 
array that can be opened and closed automatically, and which ensures proper electrical contact and 
current readout during the enzymatic detection. The reader also monitors the fluidic flows of the 
successive reagents and samples within the micro-channels. The entire platform is controlled by the 
GRAVIÊ-Soft computer software, for managing protocol creation, data acquisition and result processing 
in a user-friendly and fully traceable manner. Quantitative determinations of the analyte concentrations are 
obtained by following the kinetics of the enzymatic reaction in each channel, and the resulting 
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concentrations, can also be displayed by the GRAVIÊ-soft, in the form of intensity or color plate (see Fig. 
2). 

As will be shown in this presentation, this novel platform provides an all-in-one solution replacing standard 
sample preparation-, incubation-, washing- and detection- stations. The GRAVIÊ system facilitates 
handling and reduces instrumentation infrastructure, while speeding up bioanalytics and offering attractive 
assay capacity. 

Two versions of the system will be shown, namely: 
- 8 or 16 channel sampling system with a throughput of ~100 tests/hour; 
- 96 channel sampling prototype with an expected throughput of ~1000 tests/hour. 

The performances of this GRAVIÊ microchip platform will also be presented, showing that the dynamic 
range covers more than 3 orders of magnitude and that the CV is roughly 5 % in the middle to high 
concentrations. Various factors influence the CV (including homogeneity of the bead suspension, 
precision of the liquid handler, microchannel dimensions and exposed electrode surface area); channel 
calibration is possible to minimize errors. 

The assay performances will also be demonstrated, notably in the field of recombinant protein screening, 
where minimum manual handling is required and where short time-to-result is expected in order to monitor 
production process and for quality control purposes. Figure 2 already gives typical results obtained for the 
repeated quantification of IgG in aliquots of mammalian cell cultures (provided by Selexis) by automated 
bead-based ELISA tests, along with a color-intensity representation for 5 series of 8 assays performed in 
the same chip. It should be noted that the cost of the reagents per data point in the present test is as low 

as 0.1 US$, since the volume needed to perform each test is limited to a few mL only. 
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Figure 2: Example of calibration curve for the detection of IgG in mamalian cell cultures using on protein 
A beads (New Enland Biolabs @0.015 mg/ml), goat antihuman FAB-ALP conjugate (Sigma @1/1000), 
washing buffer and enzyme conjugate (aminophenol-phosphate from DiagnoSwiss). (Insert: color plate 

representation for repeated assays as dispensed in the microtitperplate). 

 

Requiring no maintenance, the pumpless GRAVIÊ-Chip concept provides an innovative link of rapid and 
economic microfluidic systems to standard, efficient and flexible robotics. Fitting with the conventional 96-
well plate format, the GRAVIÊ platform is scalable and can be declined from portable and bench-top 
devices to large automated workstations (all with identical assay performances), and it represents a time- 
and cost-efficient immunoassay platform for owners of open robotic stations. 
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