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INTENDED USE 

Invitrogen’s MercatorTM PhosphoArray Kit is to be used for the in vitro 
detection and quantification of phosphorylation of 8 signaling proteins. 
This assay is suitable for use with recombinant proteins or crude cell 
lysates. Invitrogen’s MercatorTM PhosphoArray Kit is optimized for 
detection of human proteins. This kit is also suitable for the detection of 
phosphorylation with mouse and rat samples; however, mouse or rat 
EGFR and HSP27 are not detected with this kit due to the nature of the 
capture monoclonal antibodies spotted onto each slide. 

This kit has been configured for research use only and is not 
intended for human therapeutic or diagnostic use. 

INTRODUCTION 

The ability to monitor, simultaneously, multiple components of 
signaling pathways is a rapidly growing need for many investigators, 
including those dedicated to basic research, drug discovery and clinical 
applications. Solid phase multiplex protein assays have become the 
primary tools of choice in these studies as they permit several analytes 
to be profiled within individual samples over the course of an 
experiment, while maximizing efficiency by saving sample volume and 
time. 

Protein phosphorylation plays a critical role in the regulation of 
complex signal transduction pathways in both normal and disease states. 
Recent advances in the development of specific protein kinase inhibitors 
illustrate the potential for a new generation of drugs to treat more 
effectively a variety of human diseases. The availability of highly 
selective phosphorylation site-specific antibodies to individual sites 
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(including those that increase or decrease the activity of the protein), 
provides critical insight into functional proteomics and the nature of 
these signaling pathways. 

Invitrogen’s MercatorTM PhosphoArray Assay is a multiplex solid phase 
immunoassay that allows quantitative and simultaneous detection of 
site-specific phosphorylation on 8 different proteins using fluorescence 
detection methodology. This platform provides a valuable new tool to 
expedite target validation and high-content screening for important 
modulators of protein phosphorylation. 

PRINCIPLE OF THE METHOD 

The MercatorTM PhosphoArray assay system uses a modified glass slide 
format, where each slide is fitted with 16 high binding capacity 
nitrocellulose pads that serve as the solid support in the assay. The 
nitrocellulose pads are relatively thick (11 ± 3 µm), and therefore 
provide a three dimensional support for immunoassay development, 
while serving to stabilize bound proteins. The very high binding 
capacity of this nitrocellulose format allows the MercatorTM 
PhosphoArray to achieve much higher sensitivity and a wider linear 
range (typically 2 to 3 logs), as compared to other immunoassay 
formats. 

Each nitrocellulose pad has been pre-spotted, in triplicate, with 8 
different monoclonal antibodies that capture the protein of interest, 
independently of the phosphorylation state. Also pre-spotted onto the 
pad, in triplicate, at two locations are a set of positive and negative 
controls. The positive control is a Donkey (polyclonal) anti-rabbit 
antibody, which serves as a ‘landing light’ for the image analysis 
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instrumentation. The negative control provides a measure of 
background. A diagram of the 16-pad slide and the arrangement of 
individual markers or controls on each pad are presented in Figure 1 
below. 

Figure 1: MercatorTM PhosphoArray Slide Diagram and Arrangement 
 of Individual Analytes on each of the 16 Nitrocellulose Pads. 

The capture monoclonal antibodies arrayed onto the nitrocellulose pads 
bind to and immobilize the target analytes, either in the PhosphoArray 
Standard or the experimental samples. Detection of the target 
phosphorylation site on the captured protein is facilitated by a panel of 8 
highly-selective phosphorylation site-specific antibodies (PSSAs), 
allowing analysis of multiple signaling events across and down several 
high-profile pathways. These detector antibodies bind to their target 
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analytes only when these proteins are phosphorylated at the appropriate 
residues. Each phosphorylation site controls a specific function on the 
target protein and represents the action of a specific upstream protein 
kinase (summarized in Table 1). 

Table 1: Targets Detected with the MercatorTM PhosphoArray 
Target Functional Significance 

EGFR [pY1068] Autophosphorylation site activated by EGF, 
binding site for PLCγ, Grb2, and Shc; activates 
Ras/Raf/ERK1&2 signaling pathway. 

FAK [pY397] Autophosphorylation site (initial activation step) 
site; allows Src and p85 subunit of PI3-kinase to 
bind; activates cell migration and invasion. 

Src [pY418] Autophosphorylation site; activation loop of kinase; 
required for full tyrosine kinase catalytic activity. 

Paxillin [pY118] Src/FAK site; Crk binding site; stimulated by both 
hormone and integrin-mediated cell adhesion. 

Akt [pS473] PDK2, ILK, or autophosphorylation site required for 
full activation. 

p38 [pTpY180/182] MEK3/6 sites in response to stress signals; kinase 
activation loop (TxY motif); dual phosphorylation 
required for full activity. 

HSP27 [pS82] MAPKAP-K2 site; leads to HSP27 dissociation from 
Akt/MAPKAP-K2/p38 complex and from actin 
filaments; stimulates HSP27 binding to the IKK 
complex. 

ATF2 [pTpT69/71] JNK/p38 site; generates the transcriptionally active 
form. 
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A fluorescent Secondary Antibody is used to generate the signal. In 
analyzing the MercatorTM  PhosphoArray, the intensity of the 
fluorescence associated with each spot is determined using fluorescence 
imaging equipment in conjunction with data analysis software. The 
concentrations of each of the 8 analytes within the experimental samples 
are calculated by interpolation from the standard curves (log-log 
transformation of the fluorimetric data) generated for each of the 8 
analytes. Data obtained using the MercatorTM PhosphoArray are 
expressed as Fluorescence Units or as Units of Phosphorylated Analyte 
per Milliliter. Each slide allows 384 individual determinations to be 
made (16 pads/slide x 8 antibody signals/pad x triplicate spots per 
antibody). The four-slide kit, which conforms to the footprint of a 96-
well plate, allows 1536 individual determinations to be made. 



9 

PROTOCOL SUMMARY 

The Invitrogen MercatorTM PhosphoArray Assay is an optimized 
detection system that is very simple to use. A summary of the assay is 
presented in Figure 2 below. 

Figure 2: MercatorTM PhosphoArray Assay Summary 
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In performing this assay, the nitrocellulose pads are first wetted and 
blocked. The PhosphoArray Standard, containing known concentrations 
of recombinant phosphoprotein for each of the 8 analytes, or the 
experimental samples, is added to the designated pads. The slide is 
covered and incubated with shaking for 3 hours at room temperature, or 
overnight at 2 to 8°C, to allow the capture antibodies arrayed onto the 
nitrocellulose pads to bind to and immobilize target analytes. Unbound 
materials are subsequently removed from the pads by washing. Next, 
the PhosphoArray Detector Antibody, containing a mixture of highly-
selective affinity purified rabbit (polyclonal) phosphorylation site-
specific antibodies, is added to the pads and incubated for 1 hour at 
room temperature. Following a washing step, the Secondary Antibody 
Conjugate (goat [polyclonal] anti-rabbit IgG DYTM-647 fluorescent 
conjugate) is added for 45 minutes at room temperature. At the 
completion of this incubation step, unbound conjugate is removed by 
washing and the PhosphoArray is allowed to dry, followed by image 
acquisition and data analysis. Once dried, the PhosphoArray is stable for 
up to three months at 2 to 8°C, when protected from light. 
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MATERIALS PROVIDED WITH THE KIT 

Table 2: Reagents Provided with the MercatorTM PhosphoArray Assay 

*Manufactured using FAST® Slide Technology. 

Description of Reagents Provided BHM9021 BHM9024 
PhosphoArray Glass Slides*, each 
fitted with 16 pre-arrayed  
nitrocellulose pads. 

1-Slide Pack 4-Slide Pack 

16-Pad Chambers. 1 Pack 4 Pack 
Blocking Buffer (1x). 1 bottle (6 mL) 1 bottle (6 mL) 
Wash Buffer (10x). 1 bottle (125 mL) 1 bottle (125 mL) 
PhosphoArray Standard Diluent 
Contains 0.05% sodium azide. 

1 bottle (5 mL) 1 bottle (5 mL) 

PhosphoArray Standard. 1 vial (lyophilized) 2 vials (lyophilized) 

PhosphoArray Detector Antibody 
(10x). Contains 0.05% sodium 
azide. 

1 vial (0.125 mL) 1 vial (0.5 mL) 

Secondary Antibody Conjugate 
(10x). Contains 0.05% sodium 
azide. 

1 vial (0.125 mL) 1 vial (0.5 mL) 
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IMPORTANT NOTES REGARDING STORAGE OF KIT 
COMPONENTS: 

1. All unopened kit components should be stored at 2 to 8°C. Do not 
mix materials from different kit lots. 

2. The slides are provided in a foil pouch. Store the slides at 2 to 8°C 
upon receipt of the kit. With the 4-slide kit, once the foil pouch is 
opened, return the unused slides to the resealable pouch and store 
at 2 to 8°C. For longer-term storage (>1 month), store the slides in 
a desiccator or otherwise at a maximum relative humidity level of 
20%. 

MATERIALS AND EQUIPMENT NOT SUPPLIED WITH THE 
KIT 

1. ChipClipTM (FAST® Frame slide holder) – This reusable slide 
holder is required for performing the Invitrogen MercatorTM 
PhosphoArray Assay. ChipClipTM slide holders can be 
purchased separately as 1-slide (Invitrogen Cat. # BHM0001) 
or 4-slide (Invitrogen Cat. # BHM0004) holders. 

2. Microtiter plate lid or 96-well plate lid (needed to cover slide and 
holder). 

3. A laser- or CCD-based microarray scanner. We have used the 
GenePixTM scanner (Axon Instruments, Inc.) for development of 
this product; however, similar instruments obtained from BioRad, 
Perkin Elmer, and Affymetrix (model 428) also may be suitable. 
The acceptability of other scanners in reading the Invitrogen 
MercatorTM PhosphoArray nitrocellulose coated slides should be 
verified with the instrument manufacturer. 
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4. Data acquisition software. We recommend ArrayVisionTM 
software (GE/Amersham, www.amershambiosciences.com). 
Specific parameter settings are included in the section on IMAGE 
ACQUISITION AND DATA ANALYSIS. 

5. Cell Extraction Buffer (see formulation in the section on SAMPLE 
PREPARATION. This buffer is also available as Invitrogen Cat. # 
FNN0011). 

6. Protease inhibitor cocktail (Sigma Cat. # P8340, prepared as 100x 
stock). 

7. Phosphatase inhibitor cocktail I (Sigma Cat. # P2850, prepared as 
100x stock) and II (Sigma Cat. # P5726, prepared as 100x stock). 

8. Refrigerated centrifuge. 
9. 15 mL conical centrifuge tubes. 
10. Refrigerated microcentifuge. 
11. Microcentrifuge tubes. 
12. Rubber scraper. 
13. Multi-channel pipette with disposable tips. 
14. Calibrated, adjustable single-channel precision pipettes with 

disposable tips. 
15. Glass or plastic tubes. 
16. Beakers and graduated cylinders in various sizes. 
17. Distilled or deionized water. 
18. Orbital shaker. 
19. Aluminum foil. 
20. Glass etching pen. 
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SAFETY 

All biological materials should be handled as potentially hazardous. 
Follow universal precautions as established by the Centers for Disease 
Control and Prevention and the Occupational Safety and Health 
Administration when handling and disposing of samples potentially 
containing infectious agents. 

Disposal Note: This kit contains materials with small quantities of 
sodium azide. Sodium azide reacts with lead and copper plumbing to 
form explosive metal azides. Upon disposal, flush drains with a large 
volume of water to prevent azide accumulation. Avoid ingestion and 
contact with eyes, skin and mucous membranes. In case of contact, rinse 
affected area with plenty of water. Observe all federal, state and local 
regulations for disposal. 

PROCEDURAL NOTES/LAB QUALITY CONTROL 

1. Gloves must be worn and caution exercised when handling the 
Invitrogen MercatorTM PhosphoArray nitrocellulose pads. To 
prevent tearing, do not touch the pads with pipette tips or other 
sharp objects. 

2. In-house controls should be run with every assay. If control values 
fall outside pre-established ranges, the accuracy of the resulting 
experimental values should be carefully evaluated. 

3. Both positive and negative control spots are included as part of the 
slide array. Analyses should also include at least one negative 
control sample, for example, Complete Cell Extraction Buffer 
without added cell extracts, to estimate antibody reactions that are 
independent of specific analyte binding. 

4. Do not use reagents after kit expiration date. 
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SAMPLE PREPARATION 

Samples analyzed by this method are cell extracts obtained from control 
and stimulated cells. These experimental samples should be prepared 
and ready for use before undertaking the assay. Polypropylene low 
protein binding microcentrifuge tubes should be used for preparing 
dilutions. We recommend the following procedures for preparing cell 
extracts. 

A. Extraction Buffer 
1. Prepare 1x Cell Extraction Buffer using the following 

formulation: 

10 mM Tris, pH 7.4 
100 mM NaCl 
1 mM EDTA 
1 mM EGTA 
1 mM NaF 
20 mM Na4P2O7 
2 mM Na3VO4 
1% Triton X-100 
10% glycerol 
0.1% SDS 
0.5% deoxycholate 
This Cell Extraction Buffer is available as Invitrogen Cat. # FNN0011. 

2. This Cell Extraction Buffer may be apportioned into 1x 
aliquots in microcentrifuge tubes and stored at -20°C until 
ready for use. Thaw on ice prior to extracting cells. 
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3. Just prior to use, supplement the Cell Extraction Buffer with 
1x protease inhibitor cocktail (e.g., Sigma Cat. # P8340, 
diluted from a 100x stock solution), and 1x phosphatase 
inhibitor cocktail I (Sigma Cat. # P2850, diluted from a 100x 
stock solution) and cocktail II (Sigma Cat. # P5726, diluted 
from a 100x stock solution) to make the Complete Cell 
Extraction Buffer. 

B. Processing of Suspension Cells 
1. Enumerate suspension cells by counting in a hemacytometer. 
2. Stimulate cells as desired. 
3. Aliquot the desired number of cells into clean 15 mL conical 

tubes. 
4. Collect the cells by centrifugation at 300 x g for 7 minutes at 

4°C. 
5. Resuspend the pellet in ice cold PBS. 
6. Collect the cells by centrifugation at 300 x g for 7 minutes at 

4°C. 
7. Aspirate the PBS. 
8. Lyse the cells by pipetting Complete Cell Extraction Buffer 

into the tube. We recommend using 0.5 mL of Complete Cell 
Extraction Buffer for each 107 cells; however, the optimal 
amount of cell extraction buffer to use may need to be 
determined for each application. 

9. Incubate the lysates on ice for 30 minutes, with occasional 
mixing by gently inverting the tube several times and then 
slowly pipetting up and down the contents of the vial. Do not 
create foam or bubbles, which could cause denaturation of the 
sample. 

10. Transfer the lysates to clean microcentrifuge tubes. 
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11. Clarify the lysates by centrifugation at 14,000 rpm for 
10 minutes at 4°C. 

12. Transfer the clarified cell extracts to clean microcentrifuge 
tubes. 

13. The clarified cell extracts should be stored at -80°C until 
ready for analysis. Avoid repeated freeze-thaw cycles. In 
preparation for performing the assay, allow the samples to 
thaw on ice. Mix well prior to analysis. 

14. Cell extracts prepared by this method may require dilution by 
a factor of at least 1:2 in PhosphoArray Standard Diluent 
before analyzing with the MercatorTM PhosphoArray to 
minimize background. 

C. Processing of Adherent Cells 
1. Estimate cell density by visual inspection under a 

microscope. 
2. Stimulate cells as desired. 
3. Remove cell culture medium by aspiration. 
4. Rinse the cells 3 times with ice cold PBS. 
5. Carefully remove all of the PBS by aspiration. 
6. Add Complete Cell Extraction Buffer directly into the plate 

or flask. For most mammalian cells lines, we recommend 
adding 0.5 mL of Complete Cell Extraction Buffer per 10 cm 
plate when cells are at 70 to 80% confluence; however, the 
optimal amount of cell extraction buffer to use may need to 
be determined for each application. 

7. Scrape the cells with a rubber scraper. Check for complete 
cell lysis by visual inspection under a microscope. 

8. Transfer the lysates to clean microcentrifuge tubes. 
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9. Incubate the lysates on ice for 30 minutes with occasional 
mixing by gently inverting the tube several times and then 
slowly pipetting up and down the contents of the vial. Do not 
create foam or bubbles, which could cause denaturation of the 
sample. 

10. Clarify the lysates by centrifugation at 14,000 rpm for 
10 minutes at 4°C. 

11. Transfer the clarified cell extracts to clean microcentrifuge 
tubes. 

12. The clarified cell extracts should be stored at -80°C until 
ready for analysis. Avoid repeated freeze-thaw cycles. In 
preparation for performing the assay, allow the samples to 
thaw on ice. Mix well prior to analysis. 

13. Cell extracts prepared by this method require dilution by a 
factor of at least 1:2 in PhosphoArray Standard Diluent 
before analyzing with the MercatorTM PhosphoArray to 
minimize background. 

STANDARD PREPARATION 

Note: Standards should be prepared and ready for use just prior to 
undertaking the assay. Polypropylene low protein binding 
microcentrifuge tubes (500 µL size) should be used for preparing 
dilutions. 

1. The PhosphoArray Standard is provided in a lyophilized form. 
The standard provided in this kit is a pre-mixed set of recombinant 
human proteins that are phosphorylated at the sites of interest. The 
concentrations of each analyte are presented on the lot-specific 
INFORMATION SHEET included with this product. 
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2. Label 8 tubes as follows: Standard 1, Standard 2, Standard 3, 
Standard 4, Standard 5, Standard 6, Standard 7, and Standard 8. 

3. Within 1 hour of performing the assay, reconstitute one vial of the 
multiplex standard by adding PhosphoArray Standard Diluent. 
See vial label or the lot-specific INFORMATION SHEET for 
the reconstitution volume. Allow the standard to rehydrate for 
10 minutes at room temperature. Mix by gently inverting the tube 
several times and then slowly pipetting up and down the contents 
of the vial. Do not create foam or bubbles, which could cause 
denaturation of the standards. 

4. Transfer 120 µL reconstituted standard into the tube marked 
Standard 1. 

5. Into the tubes marked Standard 2 through Standard 7, add 96 µL of 
PhosphoArray Standard Diluent. 

6. Prepare the standard curve by performing 1:5 serial dilutions of 
Standard 1 (i.e., removing 24 µL and transferring to the next 
standard tube containing 96 µL of PhosphoArray Standard 
Diluent, mixing well after each dilution. Into Tube 8, add 120 µL 
of only the PhosphoArray Standard Diluent, which serves as 
negative control. The procedure for performing the serial dilutions 
is outlined in Table 3. 



20 

Table 3: Serial Dilution Steps for Preparation of the Standard Curve 

The unused portion of the reconsituted PhosphoArray Standard can be 
stored at ≤–20°C for up to two weeks for future use, if desired. 

WASH BUFFER PREPARATION 

The Wash Buffer is provided as a 10x concentrate. To prepare the 1x 
Wash Buffer, dilute 125 mL with 1125 mL of distilled or deionized 
water. The 1x Wash Buffer can be stored at room temperature. 

Standard: Add: Into: 

Standard 1 120 µL reconstituted 
standard, prepared as 
described in Step 3 

An empty tube 

Standard 2 24 µL Standard 1 96 µL PhosphoArray 
Standard Diluent 

Standard 3 24 µL Standard 2 96 µL PhosphoArray 
Standard Diluent 

Standard 4 24 µL Standard 3 96 µL PhosphoArray 
Standard Diluent 

Standard 5 24 µL Standard 4 96 µL PhosphoArray 
Standard Diluent 

Standard 6 24 µL Standard 5 96 µL PhosphoArray 
Standard Diluent 

Standard 7 24 µL Standard 6 96 µL PhosphoArray 
Standard Diluent 

Standard 8 120 µL PhosphoArray 
Standard Diluent 

An empty tube 
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SLIDE PREPARATION 

1. Determine the number of PhosphoArray slides and pads required 
for the assay. Each PhosphoArray slide contains 16 nitrocellulose 
pads. Each nitrocellulose pad is pre-spotted with the 8 capture 
antibodies, in triplicate; therefore, replicate pads are usually not 
required in this procedure. A 8-point standard curve, as outlined 
in Table 3, should be included with each analysis. One column of 
8 pads is required to generate the standard curves for each of the 8 
markers to accommodate the serial dilution of the PhosphoArray 
Standard. 

2. Allow the MercatorTM PhosphoArray and Blocking Buffer to 
reach room temperature. 

3. Prepare 1-slide or 4-slide holders. The incubation chambers are 
marked with an indented circle in the upper-right corner for 
orientation. Apply the incubation chamber to the slide by 
matching the circle on the slide with the circle on the chamber. 
The chamber then can be inserted into the slide holder, bottom 
first. Align the slides with one of the four positions on the slide 
holder. Slide the assembly over the ball plunger and beneath the 
plastic side rails until the end of the chamber/slide assembly clears 
the ball plunger. It is helpful to apply a slight downward pressure 
while moving the slides forward. Repeat for all slides/chambers 
being used. 

4. Add 70 µL of Blocking Buffer to each nitrocellulose pad. 
5. Cover the slide holder with a microtiter plate lid. Place the slide 

holder on an orbital shaker, and gently agitate for 15 minutes at 
room temperature. 
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6. Remove the Blocking Buffer from the PhosphoArray by turning 
the slides upside-down over a sink and tapping several times. 

SAMPLE APPLICATION AND PROCESSING 

1. Add 70 µL Standard 1 though Standard 8 into designated pads. 
To ensure proper data acquisition with the ArrayVisionTM 
software, use the first column of the first left PhosphoArray for 
the standards. The dilutions should be arranged on the slide so 
that the highest standard concentration (Standard 1) is in pad A1 
and the lowest standard concentration (Standard 7) is in pad G1. 
Pad H1 should receive Standard 8, the blank control. Use a new 
pipette tip for each addition. 

2. Pipette 70 µL appropriately diluted samples or controls into the 
next series of pads. We recommend that 70 µg of total protein be 
added per pad as an initial assessment; however, this will need to 
be determined empirically to generate values that are within the 
linear region of the standard curve. 

3. Because the PhosphoArray may be processed and then analyzed 
at a later date, a sketch documenting the orientation of the array 
and the location of each standard and sample should be made at 
this time using the experiment template provided with the 
lot-specific Information Sheet. The etched circle corresponds to 
the upper right corner of the PhosphoArray. 

4. Cover the PhosphoArray with the microtiter plate lid. Place the 
slide holder on an orbital shaker, and gently agitate for 3 hours at 
room temperature (alternatively, the PhosphoArray may be 
incubated overnight at 4°C). 



23 

PHOSPHOARRAY DETECTOR ANTIBODY PREPARATION 

1. Prior to the end of the incubation period for the standards and 
samples, allow the 10x PhosphoArray Detector Antibody to 
equilibrate to room temperature. Mix by gently inverting several 
times. 

2. The PhosphoArray Detector Antibody is provided as a 10x 
concentrate that requires dilution in 1x Wash Buffer just prior 
to use. Each nitrocellulose pad requires 70 µL of 1x 
PhosphoArray Detector Antibody. Dilute the 10x PhosphoArray 
Detector Antibody according to Table 4 below. Store the unused 
portion of the 10x PhosphoArray Detector Antibody at 2 to 8°C. 

Table 4: Preparation of 1x PhosphoArray Detector Antibody 

Number of 
PhosphoArray 
Slides to be 
Analyzed 

Number of 
Nitrocellulose 
Pads 

Volume of 10x 
PhosphoArray 
Detector  
Antibody 

Volume of 1x 
Wash Buffer 

Total Volume (1x 
PhosphoArray 
Detector  
Antibody) 

1 16 125 µL 1125 µL 1250 µL 

2 32 250 µL 2250 µL 2500 µL 

3 48 375 µL 3375 µL 3750 µL 

4 64 500 µL 4500 µL 5000 µL 
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3. At the end of the incubation period, remove the standards and 
samples from the PhosphoArray by turning the slides 
upside-down over a sink and tapping several times. 

4. Add 90 µL 1x Wash Buffer onto each pad. Remove the 1x Wash 
Buffer from the PhosphoArray by turning the slides upside-down 
over a sink and tapping several times. Repeat this washing 
procedure four more times for a total of five washings. 

5. Add 70 µL 1x PhosphoArray Detector Antibody onto each 
nitrocellulose pad.  

6. Cover the slide holder with a microtiter plate lid. Place the slide 
holder on an orbital shaker, and gently agitate for 1 hour at room 
temperature. 

SECONDARY ANTIBODY CONJUGATE PREPARATION 

1. During the incubation with the PhosphoArray Detector Antibody, 
prepare the 1x Secondary Antibody Conjugate. Allow the 
Secondary Antibody Conjugate to equilibrate to room 
temperature. Mix gently by inverting several times. The 
Secondary Antibody Conjugate is provided as a 10x 
concentrate that requires dilution in 1x Wash Buffer just prior 
to use. Each nitrocellulose pad requires 70 µL 1x Secondary 
Antibody Conjugate. Dilute the 10x Secondary Antibody 
Conjugate according to Table 5. Important Note: The Secondary 
Antibody Conjugate is light-sensitive; therefore, all dilutions 
should be made using an aluminum foil-wrapped test tube. Store 
the unused portion of the 10x Secondary Antibody Conjugate at  
2 to 8°C. 
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Table 5: Preparation of 1x Secondary Antibody Conjugate 

2. At the end of the incubation with the 1x PhosphoArray Detector 
Antibody, remove the contents of each pad from the 
PhosphoArray by turning the slides upside-down over a sink and 
tapping several times. 

3. Add 90 µL of 1x Wash Buffer to each pad. Remove the 1x Wash 
Buffer from the PhosphoArray by turning the slides upside-down 
over a sink and tapping several times. Repeat this washing 
procedure four more times for a total of five washings. 

4. Add 70 µL of 1x Secondary Antibody Conjugate to each 
nitrocellulose pad. From this point on, the PhosphoArray must be 
protected from light by covering the slide holder with a microtiter 
plate lid that is wrapped in aluminum foil. Place the slide holder 
on an orbital shaker, and gently agitate for 1 hour at room 
temperature. 

Number of 
PhosphoArray 
Slides to be 
Analyzed 

Number of 
Nitrocellulose 
Pads 

Volume of 10x 
Secondary 
Antibody 
Conjugate 

Volume of 1x 
Wash Buffer 

Total Volume 
(1x Secondary 
Antibody 
Conjugate) 

1 16 125 µL 1125 µL 1250 µL 

2 32 250 µL 2250 µL 2500 µL 

3 48 375 µL 3375 µL 3750 µL 

4 64 500 µL 4500 µL 5000 µL 
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5. At the end of the incubation, remove the 1x Secondary Antibody 
Conjugate from the PhosphoArray by turning the slides 
upside-down over a sink and tapping several times. 

6. Add 90 µL of 1x Wash Buffer to each pad. Remove the 1x Wash 
Buffer from the PhosphoArray by turning the slides upside-down 
over a sink and tapping several times. Repeat this washing 
procedure four more times for a total of five washings. 

DRYING THE PHOSPHOARRAY 

Note: Continue to protect the MercatorTM PhosphoArray from light by 
covering the slide holder with a microtiter plate lid that is wrapped in 
aluminum foil. 

1. Remove the slide/chamber assembly from the slide holder by 
applying slight pressure downward on the chamber and sliding 
the assembly out. 

2. Remove the chamber from the slides. At this point, the slides 
should be marked for identification purposes. 

3. Quickly rinse the slides by dipping them in a beaker of deionized 
or distilled water for a few seconds. 

4. Dry the slides completely until all pads are white and there is no 
evidence of water drops on the slides. We recommend drying for 
10 minutes in a 37°C (dry) incubator. Alternatively, slides may be 
allowed to air dry at room temperature for 30 minutes, or be 
subjected to centrifugation to hasten drying. 

5. Dried slides are stable for three months when stored at 2 to 8°C in 
the dark. 
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IMAGE ACQUISTITION AND DATA ANALYSIS 

In developing the MercatorTM PhosphoArray, we used the GenePixTM 
scanner from Axon Instruments, Inc., and ArrayVisionTM software 
from GE/Amersham. Other instruments and microarray image analysis 
software also may be suitable. Review the instruction manual provided 
with the equipment. 

Related consideration for instrumentation 

1. The DYTM-647 Conjugate has an excitation peak of 652 nm and 
an emission peak of 673 nm (please see Appendix 1 for excitation 
and emission spectra). Individual settings will vary depending on 
the instrument used (i.e., Axon and PE scanners use a laser that 
excites at 635 nm and one can use an emission filter that only 
collects light at 655-695 nm). These are the same settings used for 
detection of Cy 5TM labeled conjugates. Each slide or areas of 
individual slides can be scanned separately or in groups at high 
resolution. 

2. To obtain the best reading, the settings on the instrument should 
be optimized empirically for the MercatorTM PhosphoArray. This 
product normally requires lower photomultiplier tube (PMT) 
settings than those required with DNA arrays. All slides contained 
within the same slide holder must be scanned using the same 
instrument settings. Signal intensities at each array element should 
be as high as possible, but should not exceed the maximum signal 
(65,535 units in a 16-bit imaging system) at any element except 
the positive control/landing lights. 
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3. If your scanner is a confocal scanner with focal depth adjustment 
capabilities, then the focal depth should be optimized, as the 
nitrocellulose pads are relatively thick (11 ± 3 µm). This can 
usually be accomplished by running a focal-line scan on the 
imager. On non-confocal systems (such as the GenePixTM scanner 
from Axon Instruments, Inc.), this is not necessary, as the fixed 
depth of focus is usually larger than the thickness of the 
nitrocellulose pads. 

4. For quantitation, a scanning resolution of at least 10 µm is 
recommended. 

Related considerations for data analysis: 

If using ArrayVisionTM software, please consult the protocol and the 
quick reference guide provided by the manufacturer. This software 
uses a template (.PTC file) that contains the settings for analysis of the 
MercatorTM PhosphoArray. This template is available from Invitrogen. 
Please visit our website [www.Invitrogen.com] or contact our 
Technical Service Department to obtain a complimentary copy. The 
ArrayVisionTM software will automatically collect and process the 
phosphoarray data, generating 8 standard curves, a protein report that 
includes experimental values presented as Fluorescence Units 
(integrated data values or IDVs) and Units per mL (as interpolated 
from the individual standard curves). 
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1. Positive Control ‘Landing Lights’: Each pad has six positive 
control spots located at the top and bottom left side of the pad (see 
spot layout in Figure 1). Following image acquisition, these spots 
should be visible and serve as ‘landing lights’ to orient the slide. If 
the spots are not visible, one or more steps of the protocol may 
not have been performed correctly. These spots are not used in the 
analysis generated by the ArrayVisionTM software (and related  
.PTC file). 

2. Negative Control Spots: Each pad has six negative control spots 
with respect to the arrayed capture antibodies. These spots are 
located on the left side of the fourth row and the right side of the 
sixth row (see spot layout in Figure 1) and should show no or only 
minimal signal. These spots are not used in the analysis generated 
by the ArrayVisionTM software (and related .PTC file). 

3. Negative Control Standards: This negative control is derived from 
standard 8 and serves as a blank. Ideally, only the six positive 
control landing lights will be visible with nitrocellulose pads 
incubated with this negative control standard. 

4. Averaging in Triplicate: Each antibody is arrayed in triplicate to 
provide increased reliability. Using a compatible imaging 
software, the signal intensity of each spot is determined and 
replicates are averaged. The specific signal then is determined by 
subtracting the average spot intensity of the background from the 
intensity of each of the experimental spots. 
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5. Qualitative Analysis: Qualitative changes in phosphorylation state 
between analytes can be detected by comparing the average and 
the standard deviations of the triplicate determinations. For a 
more rigorous comparison, a statistical test of significance among 
means can be performed. Student’s t-test is useful for this 
purpose. 

6. Quantitative Analysis: In order to quantify phosphorylation levels, 
sample signal intensity is compared to the signal intensity of the 
multiplexed standard curves for each marker. To generate the 
eight standard curves, triplicate specific signals for each analyte 
are averaged and plotted as a function of concentration. A log-log 
transform of the data will yield sigmoidal plots. Average specific 
signal from samples for each of the eight analytes is determined 
by interpolating values from the corresponding standard curve, as 
performed automatically using the ArrayVisionTM software. 
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PERFORMANCE CHARACTERISTICS 

Performance characteristics for the 8 analytes are presented in  
Table 6. 

Table 6: MercatorTM PhosphoArray Performance Characteristics 

1Sensitivity was determined by adding two standard deviations to the mean fluorescence 
obtained when the zero standard was assayed 30 times. 
2Hu= human; Ms= mouse; Rt= rat; other species were not tested. 

Intra-assay variation for each of the 8 assays: <10%. 
Inter-assay variation for each of the 8 assays: <15%. 
Each of the eight assays was found to be at least twice as sensitive as 
Western blotting. 

Marker Sensitivity1 
(units/mL) 

Species 
Reactivity2 

Calibration to 
phosphoELISATM 

Hu EGFR [pY1068] 0.5 Hu Cat. # KHR9081 
Hu FAK [pY397] 0.1 Hu, Ms, Rt Cat. # KHO0441 
Hu Src [pY418] 0.1 Hu, Ms, Rt Cat. # KHO0171 

Hu Paxillin [pY118] 0.05 Hu, Ms, Rt N/A 
Hu Akt [pS473] 0.2 Hu, Ms, Rt Cat. # KHO0111 

Hu p38 [pTpY180/182] 0.1 Hu, Ms, Rt Cat. # KHO0071 
Hu HSP27 [pS82] 0.5 Hu Cat. # KHO0341 

Hu ATF2 [pTpT69/71] 0.2 Hu, Ms, Rt Cat. # KHO0361 
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TYPICAL DATA 

8-PLEX PHOSPHO PROTEIN STANDARD CURVES 

For representative standard curves for each of the 8 analytes, please 
refer to the lot-specific INFORMATION SHEET included with this 
product. 

PROFILING PHOSPHOREGULATION IN NATURAL 
SAMPLES 

Quantitative analyses of patterns of phosphorylation have been 
performed using crude cell lysates generated from a variety of cell lines 
and experimental treatment conditions. Figure 3 illustrates an example 
of profiling using crude cell lysates made from Human Embryonic 
Kidney (HEK293) cells that were stimulated with Anisomycin (a stress 
stimulus). The data are presented as Fluorescence Units, showing the 
mean +/- standard deviation of triplicate samples for each marker. For 
this analysis, crude lysates prepared from HEK293 cells, left untreated 
or treated with Anisomycin (100 ng/mL, 1 hour) were evaluated using 
the Mercator TM  PhosphoArray. For comparison, Western analyses for 
a subset of the 8-Plex markers (Akt, p38, HSP27 and ATF2) using 
individual phospho-specific antibodies for these markers on the same 
cell lysates also is shown to illustrate agreement between these 
methods. The phosphoarray data illustrate the ability to quantitate 
precisely the increases in phosphorylation seen with several markers. 
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Figure 3: Profiling of Phosphorylation Events in Human Embryonic 
Kidney (HEK293) Cells Treated with Anisomycin 
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CHANGES IN PHOSPHORYLATION WITH PHOSPHATASE 
INHIBITOR TREATMENT OF CELLS 

Phosphoregulation at specific sites on a protein is a dynamic process 
involving cascades of protein kinases. In addition, there are a variety of 
protein phosphatases that can dephosphorylate these specific sites. The 
MercatorTM PhosphoArray can be used to quantitatively assess this 
balance between protein kinases and protein phosphatases, as shown in 
Figure 4. In this application, crude lysates were prepared from 
HEK293 cells, left untreated, treated with Pervanadate (a tyrosine 
phosphatase inhibitor) or Calyculin A (a serine/threonine phosphatase 
inhibitor). As a positive control for the EGFR, lysates also were 
prepared from human epidermoid carcinoma (A431) cells, left 
untreated or treated with EGF. Each lysate then was analyzed using the 
MercatorTM PhosphoArray and fluorescence values were converted to 
Units/mL by interpolation from the individual 8-Plex PhosphoArray 
standard curves. The data illustrate the dramatic increase in 
phosphorylation signals caused by treatment with the different 
phosphatase inhibitors. 
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Figure 4: Quantitative Analyses of Phosphorylation of the 8 Analytes 
in Human Embryonic Kidney (HEK293) Cells Treated with 

Phosphatase Inhibitors (Pervanadate or Calyculin A) and Human 
Epidermoid Carcinoma (A431) Cells Treated with EGF 
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LINEARITY WITH CELL LYSATES 

The high binding capacity of the MercatorTM PhosphoArray provides 
for a very wide range of linearity with increasing standard or crude cell 
lysate (typically spanning 2 to 3 logs). To illustrate the dynamic range 
for a typical cell extract, HEK293 cells were treated with Anisomycin, 
lysed, and the resulting extract was diluted in 1x PhosphoArray 
Standard Diluent, followed by detection of the dually-phosphorylated, 
active form, of p38 MAPK using the MercatorTM PhosphoArray. As 
shown in Figure 5, a linear relationship was observed over a wide 
range (over 3,000-fold) of input lysate from 100 mg to 32 ng of crude 
cell lysate per pad. 

Figure 5: Linearity for Anisomycin-treated HEK293 Cell Lysates and 
Detection of Phospho-p38 MAPK Using the MercatorTM 

PhosphoArray 

Slope = 0.3504x + 3.085
R2 = 0.99

3.4

3.6

3.8

4

4.2

4.4

4.6

4.8

5

1.2 2.2 3.2 4.2 5.2
Log [Lysate] ng

Lo
g 

[S
pe

ci
fic

 In
te

ns
ity

] 



37 

PHOSPHO-SPECIFICITY 

The rabbit (polyclonal) phosphorylation site-specific antibodies used as 
detectors in the MercatorTM PhosphoArray have been thoroughly 
evaluated and have been shown to be phospho-specific by peptide 
competition in Western blotting and phosphoELISATM experiments. 
The PhosphoArray also has been evaluated for phospho-specificity in 
experiments using Lambda phosphatase, a broad specificity serine, 
threonine, and tyrosine phosphatase. In this evaluation, crude cell 
lysates containing known amounts of each phosphorylated target were 
reacted with the PhosphoArray, followed by treatment or not with 
Lambda phosphatase. As summarized in Figure 6 below, the 
fluorescence signal is completely eliminated by Lambda phosphatase 
treatment, demonstrating that the detection reagents are specific for the 
phosphorylated form of each of the analytes. 

Figure 6: Lambda Phosphatase Experiments Demonstrating the 
Phospho-Specificity of the MercatorTM PhosphoArray 
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LIMITATIONS OF THE PROCEDURE 

Do not extrapolate the standard curve above the highest standard point 
or below the lowest standard point as the dose-response curve may be 
non-linear in these regions and therefore interpolations would be 
inaccurate. Should experimental values exceed the upper limit of the 
linear region of the standard curve for any of the eight markers, dilute 
the experimental samples further with PhosphoArray Standard Diluent 
and repeat the assay. Multiply the final Units per mL values obtained 
by the appropriate dilution factor. 

The influence of various drugs and the use of biological fluids in place 
of cell extracts have not been thoroughly investigated. The rate of 
degradation of analytes in various matrices has also not been 
investigated. The immunoassay literature contains numerous references 
to aberrant signals seen with some samples, attributed to heterophilic 
antibodies. Although we have not seen any evidence of this, the 
possibility of this occurrence cannot be excluded. 
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APPENDIX I: SPECTRAL PROPERTIES FOR THE DYTM-647 
FLUORESCENT SECONDARY ANTIBODY CONJUGATE 

The DYTM-647 conjugate has an excitation peak at 652 nm and an 
emission peak at 673 nm. The excitation and emission spectra of the 
DYTM-647 conjugate are presented below. 
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APPENDIX II: TROUBLESHOOTING GUIDE 

Problem: Positive control spots develop, but the sample spots do 
not. 

Cause:  Sample is too dilute. 

Solution 1: Repeat the experiment using more 
concentrated samples. 

Solution 2: Optimize the stimulation procedure 
and time. 

Cause:  Sample deteriorated during preparation. 

Solution: Make sure that the Cell Extraction 
Buffer is supplemented with protease inhibitors 
and phosphatase inhibitors. The Cell Extraction 
Buffer formulation recommended in this protocol 
booklet has been shown to be suitable for use with 
a variety of cell lines. 

Cause:  Samples deteriorated during storage. 

Solution 1: All samples should be stored frozen 
at -80°C. 

Solution 2: Samples should be subjected to only 
one freeze-thaw cycle. 
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Solution 3: Some proteins can be lost by 
absorption when stored in containers made of 
polystyrene or certain kinds of glass. 
Polypropylene tubes are best for storing samples. 

Problem: Neither the positive control spots nor the sample spots 
develop. 

Cause:  Insufficient Secondary Antibody Conjugate. 

Solution 1: Check the dilution of the Secondary 
Antibody Conjugate. 

Solution 2: The Secondary Antibody Conjugate 
must be freshly diluted for each assay. 

Solution 3: Improper storage of the Secondary 
Antibody Conjugate. 

Solution 4: Photobleaching of the reporter dye. 
Make sure that the reporter is protected from light. 

Cause:  Insufficient PhosphoArray Detector Antibody. 

Solution 1: Check the dilution of PhosphoArray 
Detector Antibody. 

Solution 2: Improper storage of the PhosphoArray 
Detector Antibody. 
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Cause:  Kit is used past its expiration date. 

Solution: Make sure to use the kit before its 
expiration date. 

Problem: Weak sample spot development. 

Cause:  Sample is too dilute. 

Solution 1: Repeat the experiment using more 
concentrated samples. 

Solution 2: Optimize the stimulation procedure 
and time. 

Cause:  Insufficient Secondary Antibody Conjugate. 

Solution 1: Check the dilution of the Secondary 
Antibody Conjugate. 

Solution 2: The Secondary Antibody Conjugate 
must be freshly diluted for each experiment. 

Solution 3: Photobleaching of the reporter dye. 
Make sure that the reporter is protected from light. 
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Cause: Insufficient PhosphoArray Detector Antibody 
 activity. 

Solution 1: Check the dilution of the 
PhosphoArray Detector Antibody. 

Solution 2: The PhosphoArray Detector Antibody 
must be freshly diluted for each experiment. 

Cause:  Sample deteriorated during preparation. 

Solution: Make sure that the Cell Extraction 
Buffer is supplemented with protease inhibitors 
and phosphatase inhibitors. The Complete Cell 
Extraction Buffer formulation recommended in 
this protocol booklet is excellent for this 
application. 

Cause:  Samples deteriorated during storage. 

Solution 1: All samples should be stored frozen 
at -80°C. 

Solution 2: Samples should be subjected to only 
one freeze-thaw cycle. 

Solution 3: Certain proteins can be lost by 
absorption when stored in containers made of 
polystyrene or certain kinds of glass. 
Polypropylene tubes are best for storing samples. 
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Cause:  Kit is used past its expiration date. 

Solution: Make sure to use the kit before its 
expiration date. 

Problem: High background. 

Cause:  Insufficient blocking. 

Solution: Make sure to block nitrocellulose pads 
with the blocking solution provided. 

Cause:  Insufficient washing. 

Solution: Make sure that the nitrocellulose pads 
are totally immersed in 1x Wash Buffer during all 
washing steps. 

Cause: The nitrocellulose pads dried during the incubations. 

Solution: Make sure that the nitrocellulose pads 
are totally immersed during all of the incubation 
and washing steps. Do not allow the pads to stand 
liquid-free for more than 10 minutes. 
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Cause:  Sample is too dilute. 

Solution 1: Increase the concentration of sample 
to raise signal to noise ratio. 

Solution 2: Protect samples from deterioration by 
preparing them in phosphatase inhibitor and 
protease inhibitor supplemented Cell Extraction 
Buffer, and storing them at -80°C. 

Problem: Uneven development. 

Cause: The glass slide was not agitated during incubation 
 steps. 

Solution: Make sure that all incubation steps are 
performed on an orbital shaker. 

Cause: The nitrocellulose pads were not covered with 
 solution during incubation steps. 

Solution 1: Make sure that the volume of 
incubation solution is sufficient for covering the 
nitrocellulose pads. 

Solution 2: Make sure that no foam is formed in 
any of the incubation solutions. 
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Cause:  The membrane dried during the incubations. 

Solution: Make sure that the membrane is totally 
immersed during all of the incubation steps. 

Problem: Blotches appear on the nitrocellulose pad. 

Cause:  Contaminated membrane. 

Solution: The glass slide should only be handled 
at the edges, using gloves. 

Cause: The glass slide was not agitated during incubation 
 steps. 

Solution: Make sure that all incubations are 
performed on an orbital shaker. 

Cause: The glass slide was not covered with solution during 
 incubation steps. 

Solution 1: Make sure that the volume of 
incubation solutions is sufficient for covering the 
membrane. 

Solution 2: Make sure that no foam is formed 
during any of the incubation steps. 
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Cause: The nitrocellulose pad dried during the incubations. 

Solution: Make sure that the membrane is totally 
immersed during all of the incubation steps. 

Problem: The signal for the undiluted highest standard 
concentration (Standard 1) has a lower signal than the first 
dilution (Standard 2). 

Cause: This phenomenon is referred to as a ‘hook-effect’. 
 This can occur occasionally; however, the exact 
 cause has not been determined. 

Solution: If this happens, drop the high standard 
point from the standard curve. 

Important Licensing Information - These products may be covered 
by one or more Limited Use Label Licenses (see the Invitrogen 
Catalog or our website, www.invitrogen.com). By use of these 
products you accept the terms and conditions of all applicable Limited 
Use Label Licenses. Unless otherwise indicated, these products are for 
research use only and are not intended for human or animal diagnostic, 
therapeutic or commercial use. 
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