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[0004] Thus, in one aspect the present invention refers to a paper fluidic device for 

the detection and/or quantification of a target analyte in a sample, the device comprising: a. 

a lateral flow assay (LFA) comprising a porous matrix; and b. an aqueous two-phase 

system (ATPS) disposed within said porous matrix where the porous matrix is configured 

to and has porosity sufficient to allow the ATPS or components thereof to flow through the 

porous matrix when the ATPS or components thereof are in a fluid phase and provide 

separation of a mixed phase into a first phase solution and a second phase solution within 

said porous matrix. In another aspect, the present invention refers to a method of detecting 

and/or quantifying a target analyte in a sample comprising: a. applying the sample to a 

device according to the present invention; and b. detecting a presence or an absence and/or 

quantifying the target analyte on the LFA. Also disclosed herein are devices and methods, 

comprising lateral flow assay (LFA) technology and aqueous multi-phase systems for the 

detection of target analytes.  In certain examples, these devices and methods utilize the 

concentrating capabilities of aqueous multi-phase systems in conjunction with LFA to 

provide an improvement over the detection limit of previous LFA assays by at least about 

100 to about 1000 fold, which approaches or meets, and in certain cases exceeds the 

sensitivity of lab-based assays such as the enzyme-linked immunosorbent assay (ELISA).  

[0005] In general, in certain applications, a sample of interest containing a target 

analyte is applied to an aqueous two phase system (ATPS). As described herein, methods 

and devices have been developed for concentrating and extracting target analyte from a 

single phase or interface of the ATPS with subsequent detection of the target analyte on the 

LFA, where its presence can be detected and/or quantified. Alternatively or additionally, 

the target analyte can be concentrated and detected and/or quantified on an integrated 

ATPS-LFA system. Thus, extraction can be bypassed by seamlessly integrating the ATPS 

with downstream LFA detection. In certain applications described herein, these devices 

only require a user to add the sample of interest. In various examples, these devices can be 

used to detect target analytes in biological samples such as a serum, salivea, urine, blood or 

swab sample. 

[0006] The devices disclosed herein, in certain examples, are conveniently assembled 

to form a portable diagnostic device. The various devices and methods described herein 

prove to be robust, versatile, scalable, inexpensive, sensitive, simple and accurate, requiring 

minimal training, power, and equipment. It is noted that while the discussion below is 

generally with respect to aqueous two-phase systems (ATPS), three-phase or four-phase 

systems, and even greater phase systems can similarly be implemented. 

[0007] To illustrate how these concepts work, examples of these technologies are 

described herein. These examples are intended to be illustrative and non-limiting.  Using 

the teachings provided herein, numerous other systems that integrate ATPS and lateral flow 

detection can be readily implemented. It is understood that the examples and examples 

described herein are for illustrative purposes only and that various modifications or changes 

in light thereof will be suggested to persons skilled in the art and are to be included within 

the spirit and purview of this application and scope of 
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CLAIMS 

What is claimed is: 

1. A paper fluidic device for the detection and/or quantification of a 

target analyte in a sample, the device comprising:  

a.  a lateral flow assay (LFA) comprising a porous matrix; and  

b.  an aqueous two-phase system (ATPS) disposed within said porous matrix where 

the porous matrix is configured to and has porosity sufficient to allow the ATPS or 

components thereof to flow through the porous matrix when the ATPS or components thereof 

are in a fluid phase and provide separation of a mixed phase into a first phase solution and a 

second phase solution within said porous matrix. 

2. The device of claim 1, wherein the target analyte is in contact with the 

mixed phase solution, and wherein the target analyte partitions into the first phase solution or 

the second phase solution within said porous matrix.   

3. The device of claim 1, wherein the  target analyte is in contact with the 

mixed phase solution, and wherein the target analyte partitions to an interface of the first 

phase solution and the second phase solution within said porous matrix. 

4. The device according to any one of claims 1-3, wherein the first phase 

solution comprises a micellar solution and the second phase solution comprises a polymer or 

a salt, or wherein the first phase solution comprises a first polymer and the second phase 

solution comprises a second polymer. 

5. The device of claim 4, wherein the first/second polymer is selected 

from polyethylene glycol, polypropylene glycol, dextran, and combinations thereof.  

6. The device according to any one of claims 1-3, wherein the first phase 

solution comprises polyethylene glycol or polypropylene glycol and the second phase 

solution comprises potassium phosphate. 

7. The device according to any one of claims 1-6, wherein the target 

analyte is selected from the group consisting of a protein, an antigen, a biomolecule, a small 

organic molecule, a sugar moiety, a lipid, a nucleic acid, a sterol, and combinations thereof. 
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8. The device according to any one of claims 1-7, wherein the device 

further comprises a probe, wherein the probe interacts with the target analyte. 

9. The device of claim 8, wherein the probe comprises a material selected 

from the group consisting of a synthetic polymer, a metal, a mineral, a glass, a quartz, a 

ceramic, a biological polymer, a plastic, and combinations thereof. 

10. The device of claim 9, wherein:  

the probe comprises a biological polymer selected from the group consisting of 

dextran, polypropylene glycol , polyethylene glycol, and combinations thereof,  

wherein the probe comprises a metal selected from the group consisting of gold, 

silver, platinum, and combinations thereof,  

or wherein the probe comprises a nanoparticle. 

11. The device according to any one of claims 9 or 10, wherein the probe 

comprises a coating. 

12. The device of claim 11, wherein the coating comprises polypropylene 

glycol or polyethylene glycol. 

13. The device of claim 12, wherein the coating has an affinity for the first 

phase solution or the second phase solution and wherein the probe further comprises a 

binding moiety that binds the target analyte. 

14. The device of claim 13, wherein the binding moiety is selected from 

the group consisting of an antibody, an antibody fragment, a lectin, a protein, a glycoprotein, 

a nucleic acid, a small molecule, a polymer, a lipid, and combinations thereof. 

15. The device according to any one of claims 8-14, wherein the probe 

comprises a detectable label and the detectable label is selected from the group consisting of 

a colorimetric label, a fluorescent label, an enzymatic label, a colorigenic label, a radioactive 

label, and combinations thereof. 

16. The device according to any one of claims 1-15, wherein the LFA 

comprises a target analyte capture moiety, wherein the target analyte capture moiety interacts 

with the target analyte. 
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17. The device according to any one of claims 1-16, wherein the LFA 

comprises a probe capture moiety, wherein the probe capture moiety interacts with the probe 

or component thereof. 

18. The device according to any one of claims  1-17, wherein a component 

of the first and/or a component of the second phase solution is dehydrated on and/or in the 

LFA strip. 

19. The device of claim 18, wherein the device is configured such that 

application of the sample to the device hydrates the ATPS or component thereof, thereby 

providing ATPS or components thereof in the fluid phase. 

20. A method of detecting and/or quantifying a target analyte in a sample 

comprising: 

a.  applying the sample to a device according to any one of claims 1-19; and 

b.  detecting a presence or an absence and/or quantifying the target analyte on the 

LFA. 


