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Claims 

1. An assay system comprising a self-contained microfluidic system and an

associated reader device, wherein:

the self-contained microfluidic system comprises:5 

a sample input port for receiving a liquid sample to be assayed, the sample input

port connected to at least one microfluidic channel, wherein each/said microfluidic

channel(s) comprises one or more reagents deposited therein for use in

conducting an assay and a detection zone for use in detecting any analyte which

may be present in a sample or analyte reaction product; and10 

each/said microfluidic channel(s) is in fluid communication with a compressible,

gas-filled chamber downstream from each/said detection zone,

wherein the microfluidic system is formed from three layers, a top, a middle and a

bottom layer, which are sandwiched together in order to define each/said

microfluidic channel(s) and said gas filled chamber, and wherein compressing or15 

decompressing an external surface of said chamber causes gas to be expelled

from or drawn into the chamber, which in turn causes movement of the liquid

sample within said/each microfluidic channel; and

a reader device for use with the microfluidic system, the reader device comprising:

force control means for controlling compression or decompression of the gas filled20 

chamber of the microfluidic system; and detection means for enabling detection of

a desired analyte within a liquid sample introduced into the microfluidic cartridge,

or analyte reaction product thereof;

wherein the force control means comprises a piezoelectric bending actuator which

is designed to directly or indirectly compress or decompress the outer surface of25 

said gas filled chamber through displacement of the actuator.

2. The assay system according to claim 1 wherein the self-contained micro-

fluidic system is in the form a cartridge which is inserted into the reader device.
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3. The assay system according to either of claims 1 or 2 wherein the self-

contained micro-fluidic system is substantially liquid free prior to application of the

sample.

4. The assay system according to any preceding claim, wherein the top and

bottom layers and optionally middle layer are planar and optionally of uniform5 

thickness.

5. The assay system according to any preceding claim, wherein the top and

optionally bottom layers are resilient.

6. The assay system according to claim 4 wherein the planar layers are

sealed together by application of heat and/or the use of adhesive, optionally10 

wherein the adhesive is resilient and facilitates with the compressibility of

each/said chamber.

7. The assay system according to any preceding claim wherein the self-

contained micro-fluidic system comprises a one-way valve which is designed only

to allow gas to exit the system upon a liquid sample being introduced into the15 

system by capillary action, whilst not permitting fluid from being introduced into the

system via the valve.

8. The assay system according to claim 7, wherein the valve is positioned

adjacent to a stop feature which has been designed to prevent further transport of

the sample within the microfluidic channel by capillary action alone, optionally20 

wherein the valve is located within a microfluidic channel of smaller dimension than

said/each microfluidic channel and which is in fluid communication with one of said

microfluidic channels.

9. The assay system according to any preceding claim further comprising an

analyte binding agent deposited within said channel(s), wherein optionally the25 

analyte binding agent is bound to a surface of said channel(s) and further optionally

wherein the binding agent is attached to a magnetic or paramagnetic particle.

10. The assay system according to any preceding claim wherein the system

further comprises one or more additional reagents deposited within said/each

microfluidic channels(s), which additional reagents facilitate detection of analyte30 
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present in the sample optionally wherein said one or more additional reagents 

includes a label which has been adapted to specifically bind to an analyte to be 

detected for facilitating analyte detection. 

11. The assay system according to any preceding claim, wherein the

piezoelectric bender is in the form of a strip, bar, rod or the like comprising a first5 

immobilised end and a second non-immobilised end, wherein the second non-

immobilised end is free to bend away from the gas filled chamber, upon suitable

electrical signalling, optionally further comprising a foot which is capable of

engaging with an external surface of the gas filed chamber, wherein a top surface

of the foot is in contact with the piezobender and wherein the foot is capable,10 

through action of the bender, of effecting the compression or decompression of the

gas filled chamber.

12. The assay system according to any preceding claim further comprising

detection means for enabling detection of a desired analyte or analyte reaction

product present within a liquid sample introduced into the microfluidic system,15 

optionally wherein the detection means is an optical detection device, such as a

fluorimeter or spectrophotometer.

13. The assay system according to any preceding claim wherein the reader

device further comprises a receiving port, optionally adapted for receiving different

sized micro-fluidic systems, each differently sized micro-fluidic system designed to20 

carry out a defined number of assays.

14. The assay system according to any of claims 8 - 12 further comprising a

permanent magnet to be brought into close proximity to the micro-fluidic system

which has been introduced into the reader, in order to concentrate and hold the

magnetic/paramagnetic particles in the detection zone of said/each microfluidic25 

channel of the system.

15. A method of conducting an assay on a liquid sample, the method comprising:

a) providing an assay system according to any preceding claim;

b) compressing an outer surface of a/said gas filled chamber(s) of the microfluidic

system, so as to expel gas from said/each gas filled chamber(s);30 
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c) introducing a liquid sample to the microfluidic system and allowing the sample

to be drawn into said/each microfluidic channel(s) by capillary action, and/or

partially decompressing said/each gas filled chamber(s) such that gas is drawn

into said/each chamber(s) thereby causing the liquid sample to be drawn into

said/each microfluidic channel(s);5 

d) allowing one or more reagent(s) to react with any analyte present in the liquid

sample;

e) optionally partially further partially decompressing the outer surface of

said/each gas filled chamber(s) of the microfluidic system, such that the liquid

sample is drawn further along said/each microfluidic channel(s) towards10 

said/each gas filled chamber(s) and optionally contacting the liquid sample with

an analyte binding agent and/or one or more further reagent(s), optionally

wherein this step is carried out as a single or multiple steps, whereby the

sample is drawn to a further or a number of successive locations respectively

within said/each microfluidic channel corresponding to the number of times a15 

decrease in force is carried out;

f) optionally capturing any analyte or analyte reaction product and compressing

said/each gas filled chamber(s), such that gas expelled from said/each

chamber(s) causes the liquid sample and uncaptured material to be pushed

away from any captured analyte or analyte reaction product; and20 

g) detecting any analyte or analyte reaction product, or captured analyte or

analyte reaction product.

16. The method according to claim 15 wherein the volume of gas which is

expelled from the/said chamber(s) causing liquid to be expelled from at least a25 

portion of the/said microfluidic channel(s) where the analyte/analyte binding agent

complexes are captured, is sufficient to cause the liquid to be removed from the

detection zone or portion thereof, but not further along the microfluidic channel(s).
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