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Abstract
Phosphorylation is a key biochemical process in cell 
signaling events. It is involved in activation of kinases, 
transcription factors, and other proteins. Thusfar, to 
investigate protein phosphorylation, scientists have relied
on 32P-labeled inorganic phosphate (32Pi) in combination
with immunoprecipitation and SDS-PAGE autoradiography
or western blot analysis with antibodies specific for the
phosphorylated forms. All these protocols require multiple
steps and are time consuming. Most of all, they only 
determine one analyte at a time, which consumes precious
samples. The recent development of an array of fluorescent
microspheres and dedicated reader with high-speed digital
signal processing makes the multiplexed quantitation of
100 unique analytes possible. Using this Luminex®

technology, we have developed a multiplexed sandwich
immunoassay that simultaneously measures phosphorylation
levels of JNK, p38MAPK, Erk, Akt, and IκBα in a single
well of a 96-well microtiter plate. Thus, a 96-well plate can
generate 480 data points. This high content multiplexed
assay is highly correlated with and as sensitive as immun-
oblotting. At the same time, the assay is specific and
exhibits no detectable cross-reactivity between antibodies. 

Experimental Design for Evaluating Cross-Reactivity
Purpose: To determine that capture and detection antibodies for
each analyte do not cross-react with others in the multiplex assay. 
Rationale of the design: The following two questions should 
be answered.

Question 1: Are the capture antibodies specific? In other 
words, do anti-JNK conjugated beads only capture JNK and 
not Erk, p38, Akt, or IκBα?
Question 2: Are the detection antibodies specific?

Experiments:
To answer both questions: For example, to test JNK, the 
assay was carried out with all 5 regions of beads with no 
anti-phospho-JNK in the detection antibody cocktail. 
• Expected results: If anti-JNK capture is specific and 
phospho-specific antibodies of other analytes do not react 
with phospho-JNK, all signals generated in the positive controls 
for JNK should disappear. 
To answer question 2: For example, to test phospho-JNK, the 
assay was carried out with all 5 regions of beads using only 
anti-phospho-JNK as a detection antibody. 
• Expected results: If anti-phospho-JNK is specific, there 
should be no signal in regions of Erk, p38MAPK, Akt, and IκBα. 
However, the signal of JNK should be the same as the positive 
control with all 5 regions of beads and all 5 detection antibodies. 

Conclusions
1. By using various stimulants to induce various pathways,

we have demonstrated that the Bio-Plex 5-plex 
phosphoprotein assay is specific for each analyte. 

2. The multiplex phosphoprotein assay is highly correlated
with immunoblot analysis and is highly reproducible.

3. The sensitivity of the multiplex assay is comparable to or
better than immunoblotting.

4. Antibodies used in this assay are specific and have no
cross-reactivity. 

Introduction

Assay Principle

Targeted Protein Phosphorylation Sites Determined 
by Bio-Plex Phosphoprotein Assay

Correlation between Bio-Plex Phospho-JNK Assay 
and Western Blot Analysis

Correlation between Bio-Plex Phospho-p38MAPK
Assay and Western Blot Analysis

Experimental Procedures

Cell Lysate Preparation Assay Procedure

Bio-Plex 
Phosphoprotein Assay 

(5-plex: JNK, p38MAPK,
Erk2, Akt, lκBα

Correlation between Bio-Plex Phospho-Erk2 Assay 
and Western Blot Analysis

Inter- and Intra-Plate Variations: Phospho-JNK

Absence of Cross-Reactivity of the 5-Plex Phosphoprotein Assay: Phospho-JNK*

Correlation between Bio-Plex Phospho-lκBα Assay 
and Western Blot Analysis

Correlation between Bio-Plex Phospho-Akt Assay 
and Western Blot Analysis

Antibody-conjugated beads are 
incubated with cell lysate containing
the protein of interest, e.g., Erk, either
phosphorylated or nonphosphorylated. 

Erk captured on anti-Erk-conjugated
beads is incubated with biotinylated
antibody specific for phosphorylated
Erk.

The immunocomplex is labeled with
streptavidin-PE and detected by the
Bio-Plex protein array system. 

• Similar results were obtained from phospho-p38MAPK, Erk, IκBα and Akt assays 
(data not shown). 

• At protein concentrations of 10 or 5 mg protein/well, inter-plate and intra-day 
variations were less than 10%.

HEK293 and HeLa cell lysates were
subjected to SDS-PAGE (6 mg cell
lysate/lane). Immunoblots were
probed with anti-phospho-Erk 
(dual phosphorylated form). 

HEK293 or HeLa cell lysates were
subjected to SDS-PAGE (6 mg cell
lysate/lane). Immunoblots were
probed with anti-phospho-JNK
(dual phosphorylated form).

HEK293 and HeLa cell lysates were
subjected to SDS-PAGE (6 mg cell
lysate/lane). Immunoblots were probed
with anti-phospho-Akt (pS473).

HEK293 or HeLa cell lysates were
subjected to SDS-PAGE (6 mg cell
lysate/lane).  Immunoblots were
probed with anti-phospho-p38MAPK
(dual phosphorylated form). 

HEK293 and HeLa cell lysates were
subjected to SDS-PAGE (6 mg cell
lysate/lane). Immunoblots were
probed with anti-phospho-IκBα
(pSer32, pSer36). 

Assays with All 5 Detection Antibodies

No Anti-Phospho-JNK in Detection Antibody Mix

Only Anti-Phospho-JNK as Detection Antibody

* An absence of cross-reactivity was also demonstrated in 
phospho-p38MAPK, Erk, IkBa, and Akt (data not shown).


