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ESI 1. Optimization of one-incubation one-hour ATPS ELISA

1.1 PEG-DEX concentration 

Fig. S1 Effect of PEG-DEX concentration on FITC-dAb retention in DEX over the course of 1 hour at room temperature. PEG-DEX 

concentration during the assay (%w/w); (a) 9%PEG-0.81%DEX, (b) 5%PEG-0.81%DEX, (c) 9%PEG-0.45%DEX, (d) 5%PEG-0.45%DEX, 

(e) 5%PEG-0.27%DEX, (f) 3%PEG-0.45%DEX and (g) 3%PEG-0.27%DEX.

See Fig. S2 (Section 1.2) for picture of PHASIQ plate used for this study.
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1.2  PHASIQ plate

Fig. S2 Picture of PHASIQ plate with zoomed in picture. A single well contained nine microbasins.
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1.3 Incubation time

Fig. S3 Signal, noise and ratio of S/N for incubation time of 15 minutes, 1 hour and 4 hours.

Fig. S4 Calibration data for analysis of IL-6 with one-incubation ATPS ELISA using different 

incubation time; (a) 4 hours, (b) 1 hour and (c) 15 minutes and the calculated LODs were 180, ~1 

and 340 pg mL-1, respectively. Data shown are mean chemiluminescence signals from three 

replicates, and error bars are standard deviations (SDs).
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1.4 Blocking buffer

Fig. S5 Calibration data for analysis of IL-6 with one-incubation ATPS ELISA using different 

types of blocking buffer; (a) 0.1%Chonblock/ 0.05%goat serum, (b) 1×StabilCoat, (c) 

3×StabilCoat, (d) 5%BSA and (e) 5%goat serum and the calculated LODs were 100, 20, ~1, 100 

and 60 pg mL-1, respectively. Data shown are mean chemiluminescence signals from three 

replicates, and error bars are standard deviations (SDs).
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ESI 2. Previous reports of ELISA for cytokine detection 

Table S1 Literature review of various detection techniques for multiplex cytokine detection, assay information included; types of cytokines, 

sample volume, assay time and LOD.

Detection technique Types of cytokines Sample volume Assay time LOD (pg mL-1) Ref.

FI IL-6, IFN-γ 20 µL 2 hours 7.8 Wang and Zhang 20061

FI
VEGF, EGF, IP10, IL-8, MCP-1, IL-6, 
TIMP-1, MIP-1β, RANTES, Eotaxin-2 100 µL 2.5 hours 0.01-8 Blicharz et. al. 20092

FI IL-2, IL-4, IL-6, IL-10, IFN-γ, TNF-α 50 µL 3 hours 40.96 Hall et. al. 20153

EC VEGF, IL-8, TIMP-1 N/A 2.5 hours N/A Deiss et. al. 20094

EC TNF-α, IFN-γ, IL-2 4 µL 1 hours N/A Stybayeva et. al. 20105

EC IL-1α, L-1β, L-2, IL-4, IL-6, IL-8, IL-10, 
VEGF, IFN-γ, EGF, MCP-1, TNF-α 100 µL 2 hours 0.12-2.12 FitzGerald et. al. 20076

SPR IL-2, IL-4, IL-6, IL-10, TNF-α, IFN-γ 1 µL 40 minutes 5-20 Chen et. al. 20157



S8

Detection technique Types of cytokines Sample volume Assay time LOD (pg mL-1) Ref.

SPR IL-1β, L-6, TNF-α N/A 10 minutes 200-1,300 Battaglia et. al. 20058

MR IL-2, IL-6, IL-8 N/A 90 minutes ≤ 1 Kindt et. al. 20139

Spectrocolorimeter IL-6, IL-8 N/A 45 minutes 100 Miwa et. al. 200910

AIR IL-1α, L-1β, L-6, IL-8, IL-10, IFN-γ, 
TNF-α N/A N/A < 10 Carter et. al. 2011

Bioluminescence 
(bioassay) IL-6, IL-8, THF-α N/A N/A 37-184 Yu et. al. 201912

Imager of the automated 
integrated microfluidic 

device
VEGF, IP-10, IL-8, EGF, MMP-9, IL-1β 10 µL 70 minutes 4-8,624 Nie et. al. 201413

Fluorescent Bead-Based 
Luminex Cytokine Assays

IFN-γ, TNF-α, IL-1β, IL-2, IL-4, IL-6, 
IL-7, IL-12-p70, IL-13, IL-17, GM-CSF, 

MCP-1
25–50 µl 2-3 hours N.A. Joel et. al. 200814

Quanterix SIMOA 
instrumentation IL-6, TNF-α, IL-1β, IL-8 100 µL 45 minutes N.A. Joachim et. al. 201515



S9

Detection technique Types of cytokines Sample volume Assay time LOD (pg mL-1) Ref.

Aushon SearchLight 
Protein Array Technology 
(Chemiluminescent label)

IL-1α, IL-1β, IL-6, TNF-α, VEGF,
 IL-8/MIP-2 100 µL 1-2 hours N.A. Dennis et. al. 201016

Chemiluminescence
(ELISA Microarray) IL-1β, IL-1ra, IL-6, IL-8, MCP-1, TNF-α 50 µL 4.5 hours 15-320 Urbanowska et. al. 200617

Chemiluminescence
(ELISA) IL-6, IL-10, TNF-α, IL-1β, CCL18 100 µL 1 hour 1.82-7.63 This work

        FI: Fluorescence immunoassay
        EC: Electrochemical method
        SPR: Surface plasmon resonance
        MR: Microring resonator based immunosensing
        AIR: Arrayed imaging reflectometry
        N/A: Not available  
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ESI 3. Companion image processing software as a Fiji image J plugin

This plugin deconvolves an image of a PHASIQ-layout plate. Software details of custom Fiji image 

J plugin is given below.
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