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Introduction 

The EZQ ® Phosphopeptide Quantitation Kit provides a rapid 
and sensitive assay for phosphopeptide quantitation in solution. 
No radioactivity is required, and sample analysis can typically be 
completed within 60 minutes. The phosphopeptide assay requires 
only 1 µL of sample, and up to 96 samples, including standards, 
can be assayed simultaneously. The assay is compatible with a 
variety of commonly used protein kinase buffers and components 
(Figure 1). The kit is ideal for the analysis of protein kinase or 
phosphatase activities, as well as for identifying phosphopeptides 
present in HPLC fractionation samples.

In the assay, the phosphopeptide samples are spotted onto 
specially prepared assay paper, fixed onto the paper with metha-
nol, and then stained with our proprietary EZQ ® phosphopeptide 
assay reagent. Relative phosphate content is determined from a 
standard curve of control phosphopeptide, pT1721, or any stan-
dard phosphopeptide of interest. Subpicomole amounts of most 
monophosphorylated peptides can be detected; for peptides that 
we have tested, the overall dynamic range of detection is over 
500-fold, from 0.2–0.8 pmol at the lower end to about 400 pmol, 
depending on the peptide (Figure 2). The Z-factor for the assay is 
in the “excellent” range at greater than 0.8 with N = 8.

The EZQ ® Phosphopeptide Quantitation Kit is designed for 
high-throughput analysis. The solid-phase format and special 96-
well microplate can be used with readily available fluorescence-
based detection instruments, for example:
• Fluorescence-based microplate readers, reading either from 

the top or bottom of the plate
• Laser-based scanning instruments, equipped with 532–560 nm 

lasers
• UV illuminators in combination with photographic or CCD 

cameras for image documentation and analysis (less sensitive)

Materials

Contents:

• Component A: EZQ ® phosphopeptide quantitation reagent, 
500 mL

• Component B: EZQ ® phosphopeptide destain reagent (4X 
concentrate), 500 mL

• Component C: EZQ ® 96-well microplate cassette

EZQ ® Phosphopeptide Quantitation Kit (E33202)

Figure 1. EZQ® phosphopeptide quantitation assay is compatible with many commonly 
used kinase assay buffers and reagents (panel A) as well as DTT (panel B) (See Figure 3 
for sequences of these peptides.) 
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Figure 2. Two-fold dilution series from 400 pmol/µL to 0.20 pmol/µL were made in 50 mM HEPES, pH 8.5 and spotted in triplicate on assay paper. After staining, the papers were 
scanned using the Fuji FLA-3000 laser scanner using the filters described in the accompanying protocol. Signal intensities were quantitated using Image Gauge analysis software (Fuji 
Photo Film, Tokyo, Japan). Panel A shows the spots corresponding to the dilution series for the positive and negative control peptides (pT1721 [VPIPGRFDRRVpTVE] and Kemptide 
[LRRASLG]), and panel B shows the graph of the data from the pT1721 dilution series. Similar data were gathered for peptides pT, pDSIP, and 1pY (see Figure 3 for sequences of these 
peptides); the resulting graphs can be seen in panels C, D, and E. The sensitivity of detection for the monophosphorylated peptides ranges from 0.2–0.8 pmol and the dynamic range of 
detection for all the phosphopeptides is greater than 500-fold.

• Component D: Assay paper, 12 sheets
• Component E: Positive control phosphopeptide, pT1721, 

(VPIPGRFDRRVpTVE, MW: 1720.9), 1 vial containing 
60 nanomoles

• Component F: Negative control peptide, Kemptide, 
(LRRASLG, MW: 771), 1 vial containing 60 nanomoles

Storage 
Upon receipt, store the EZQ ® Phosphopeptide Quantitation 

Kit at ≤25ºC, protected from the light. The kit components should 
be stable for at least 6 months.
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Materials Required but Not Provided:

• methanol, 100%
• ethanol, 100%
• sodium borohydride
• 0.1 % SDS in dH

2
O

• plastic staining tray

Protocol

Prepare the Control Peptides:

1.1 Make a stock solution of the peptide standards. Prepare the 
positive control peptide, pT1721 (p-Thr) and the negative control 
peptide (Kemptide), (Components E and F, respectively) supplied 
with the kit. Add 30 µL of dH

2
O (or buffer of choice) to each the 

Component E vial and the Component F vial and mix well. Each 
vial contains 60 nanomoles of peptide; the final peptide solutions 
will be 2 mM. The control stock solutions can be prepared in 
dH

2
0, but should always be diluted for use in the same buffer 

used in experimental samples, as the buffer can have a significant 
effect on the fluorescence signal (Figure 1). Dispense aliquots of 
the stock solution into microcentrifuge tubes and store at ≤–20°C 
for future use. 

1.2 Prepare dilutions of the control peptide stock solutions. 
Prepare dilutions of the 2 mM peptide stocks. The dilution buffer 
should be the same as that used for the experimental samples 
(see step 3.1). At least six dilutions should be used to cover 
the range expected for the experimental samples. We suggest a 
standard curve ranging from 0.2 pmol/µL to 400 pmol/µL. This 
will require an initial 5-fold dilution of the peptide stocks to 
400 pmol/µL (2 µL peptide stock in 10 µL total volume). Then 
perform six serial 4-fold dilutions (4 µL peptide + 12 µL buffer) 
to a final concentration of 0.2 pmol/µL. A buffer blank should be 
included alongside the dilution series during the assay.

1.3 Prepare 1X EZQ® phosphoprotien destain reagent. Dilute 
the EZQ ® phosphoprotein destain reagent (4X concentrate, Com-
ponent B) 1:4 to prepare the 1X working solution. For example, 
add 30 mL of 4X concentrate to 90 mL of dH

2
O to make the 1X 

destain solution. This volume (120 mL) is sufficient for one assay 
paper. For destaining half sheets of assay paper, a 60 mL volume 
of 1X destain reagent is sufficient.

Prepare the 96-well Microplate Cassette (Component C)

2.1 Insert the assay paper. Place the microplate face down on a 
clean surface. Wearing gloves, place a sheet of assay paper (Com-
ponent D) over the microplate, and align the paper with the inner 
tabs of the top, bottom, and left sides of the plate. Mark one 
corner of the paper with a pencil to identify the orientation. If 
desired, assay papers can be cut in half and used in the device.

2.2 Insert the backing plate. To insert the stainless steel backing 
plate into the microplate, hold the backing plate so that the flex-
ible bar is at the top. Place the bottom tabs of the backing plate 
along the bottom, inner edge of the microplate. Apply gentle 
pressure to the flexible bar and guide the top edge of the plate 
into position. The top tabs should fit into the top, inner edge of 
the microplate. Release the pressure on the flexible bar and check 
that the paper is securely in place.

Note: To ensure a tight fit, the width of the opening beneath the 
flexible bar should not be narrower than 2 mm before inserting 
the stainless steel backing plate into the microplate. The opening 
can be manually adjusted to this width if required.

Spot the Control Peptides and Samples

3.1 Spot the peptide samples onto the assay paper. In general, 
sample buffers with pH values above 6.5 are recommended for 
the assay. Several common protein kinase buffers are compatible 
with the assay (Figure 3). Optimal peptide binding occurs using
50 mM HEPES buffer, pH 8.5. Although not recommended, 
phosphate buffers can be tested for compatibility with each par-
ticular assay. If it is suspected that the concentration of the phos-
phopeptide will fall outside the limits of the assay (0.2 pmol/µL 
to 400 pmol/µL), then several dilutions of the sample can be 
assayed.

Symbol 
(in graph 
above)

Peptide Name Sequence # of 
Phos-
phates

� 3pY TRDIpYETDpYpYRK 3

� pTpY DHTGFLpTEpYVATR 2

� pTpY-A DHTGFLpTGYVATR 1

� 1pY TRDIpYETDYYRK 1

� pT KRpTIRR 1

� pDSIP WAGGNApSGE 1

� Promega 
peptide

RRApTVA 1

� RII DLDVPIPGRFDRRVpSVAAE 1

� pp60c-src TSTEPQPpYQPGENL 1

NA pT1721 VPIPGRFDRRVpTVE 1

� p60c-src TSTEPQPYQPGENL 0

� AT DRVYIHPFHL 0

� A8186 RKRARKE 0

NA Kemptide LRRASLG 0

NA = Not applicable.

Figure 3. Quantitation of various phosphopeptides using the EZQ® Phosphopeptide 
Quantitation Kit. Fluorescence signals generated by various phosphopeptides in the 
assay are plotted versus pmol of phosphopeptide. Each point on the graph represents 
the fluorescence signal at that data point, minus the background signal given by the 
zero pmol point for that peptide.
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Peptide samples can be applied to the assay paper either through 
the top wells of the microplate or through the backing plate on 
the bottom of the plate. Apply a 1 µL volume of the control pep-
tides (prepared in step 1.2) and of each experimental sample to 
separate wells of the microplate assembly. Include a 1 µL sample 
of buffer alone, to serve as a no-peptide control. Loading each 
sample in triplicate is recommended. Be careful not to puncture 
or scratch the paper with the pipet tip. Gently dispense samples 
from the pipet tip onto the paper without touching the pipet tip to 
the paper. Once in contact with the paper, the sample should wick 
out from the tip. Pipetting accuracy can be improved by gently 
wiping away any sample on the outside of the pipet tip before 
spotting the sample onto the paper.

3.2 Dry the samples. After spotting samples, allow the assay 
paper to dry completely. A hair dryer can be used to reduce the 
drying time.

Stain the Peptide Standards and Samples

4.1 Remove the assay paper from the plate. Wearing gloves, 
remove the backing plate from the microplate by depressing the 
flexible bar on the stainless steel backing plate and lifting it away 
from the assay paper. Using forceps, remove the protein-spotted 
assay paper.

4.2 Prepare sodium borohydride reducing reagent. Carefully 
dissolve 150 mg of solid sodium borohydride in 35 mL of a phos-
phate buffered saline solution (PBS) by slowly adding the sodium 
borohydride to the PBS in at least 4 parts. Swirl the solution after 
each addition of sodium borohydride and allow the solid to dis-
solve before adding more. After all the sodium borohydride is 
dissolved in the PBS, add 15 mL of 100% ethanol. Swirl the solu-
tion to mix.

Note: Addition of sodium borohydride to an aqueous solution 
results in the release of hydrogen gas and should be performed in 
a chemical hood. 
 
4.3 Fixing the samples. Pour ~40 mL of the sodium borohydride 
solution prepared in step 4.2 into a plastic staining tray. Use a 
plastic tray slightly larger than the assay paper. If half sheets 
of paper are used, use ~20 mL and a proportionally smaller tray. 
Place the peptide-spotted assay paper into the sodium borohydride 
solution and incubate, with gentle agitation, for 5 min at room 
temperature. This step is important for attaching the peptides 
permanently to the assay paper.

4.4 Wash the paper. Perform all washes at room temperature. 
After incubating in the sodium borohydride solution, remove the 
assay paper from the solution and perform the following washes: 
• Rinse the paper in ~40 mL dH

2
O two times, 1 minute each 

with gentle agitation.
• Wash the paper in ~40 mL 0.1% SDS two times, for 1 minute 

each with gentle agitation.
• Rinse the paper in ~40 mL dH

2
O two times, for 1 minute each 

with gentle agitation.
• Wash the paper in ~40 mL 100% methanol for 1 minute with 

gentle agitation.

4.5 Dry the assay paper. After washing, ensure the assay paper 
is completely dry.

4.6 Stain the peptides. Pour 40 mL of the EZQ ® phosphopeptide 
quantitation reagent (Component A) into a staining tray. Place the 
assay paper into the stain solution and agitate gently on an orbital 
shaker for 30 min. For half sheets of paper, use ~20 mL and a 
smaller staining tray. 

4.7 Destain the peptides. Wash the assay paper 3 × 10 min in 
~40 mL of 1X destain reagent (prepared in step 1.3). If half sheets 
of paper are used, use ~20 mL per wash and a proportionally 
smaller tray. After the final wash, perform 3 quick rinses of the 
paper in dH

2
O.

4.8 Prepare the assay paper for analysis. If peptide spots will 
be analyzed using a laser-based scanner or UV illuminator, wet 
or dry assay papers can be used. The phosphopeptide stain is 
brighter when the paper is dry, however, the dynamic range and 
sensitivity are identical whether assayed wet or dry. If the peptide 
spots are to be analyzed using a fluorescence-based microplate 
reader, the assay paper must be dry. Air dry the assay paper on a 
clean, flat surface. A hair dryer can be used to reduce the drying 
time.

Read and Analyze the Results

5.1 Read the fluorescence. EZQ ® phosphopeptide quantitation 
reagent has two excitation maxima, one at ~300 nm and another 
at ~555 nm. The emission maximum is at ~580 nm. Various 
instruments can be used to read the fluorescence, as described 
below.

Microplate readers: Place the dried paper (from step 4.8) back 
into the microplate and secure the backing plate. A hand-held UV 
light can be used to ensure the correct alignment of the paper to 
the wells. The dry assay paper can be flattened under a heavy 
object for several minutes to facilitate placement into the plate.

Note: The stainless steel backing plate must be securely in place 
before placing the assay plate into the plate reader, if it is not 
secure, there is risk of jamming the instrument. Refer to step 2.2 
to ensure proper adjustment. If desired, the backing plate may be 
taped into place using tape that does not autofluoresce.

The stained protein spots can be analyzed in a fluorescence-
based microplate reader using excitation/emission settings of 
~550/580 nm. Top- or bottom-reading microplate readers may 
be used, and it makes no difference whether the protein samples 
were spotted from the top or from the bottom. Best results are 
obtained with 10 or more reads per well, and the microplate read-
er should be set in a rastering mode so that data is gathered from 
the largest possible area in each well.

Laser-based scanners: The stained assay paper can be visual-
ized using an imaging system equipped with a 532–560 nm laser 
and an appropriate emission filter (e.g. 580 nm longpass filter, or 
600 nm bandpass filter).

UV illuminators: To visualize the stained protein spots, the assay 
paper can be illuminated with a 300 nm transilluminator, a UV 
top-illuminating system or a hand-held UV-B light source. A pho-
tographic or CCD camera, with an appropriate filter, can be used 
to generate digital images of the stained paper, which then can be 
quantitated with the appropriate software.
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Prod uct List  Current pric es may be ob tained from our Web site or from our Customer Service Department.

Cat # Product Name Unit Size
E33202 EZQ ® Phosphopeptide Quantitation Kit  *1000 assays*.................................................................................................................................. 1 kit

Note: Analysis using trans- or epi-UV illumination results in a 
reduction of sensitivity of detection of about 8 times compared 
with that obtained using visible-light excitation.

5.2 Analyze the results. Create a standard curve by plotting the 
fluorescence values of the control peptides vs. the corresponding 
pmol of phosphate (control phosphopeptide has 1 phosphate 
group). Background subtraction can be performed using the 
fluorescene values of the buffer blank. Estimate the relative 
phosphate content of the experimental samples by comparison 

with the standard curve. Note that while the signal from each 
individual peptide is linear with concentration, the fluorescence 
signal can vary from phosphopeptide to phosphopeptide so that 
direct quantitation of the precise number of moles of phosphate 
from the standard curve provided is not always possible (see 
Figure 3). For the most accurate quantitation of the number of 
phosphate groups on a single peptide, one should use a dilution 
series of a known amount of the same phosphorylated peptide for 
the standard curve. 

Contact Information

Further information on Molecular Probes products, including product bibliographies, is available from your local distributor or directly from Molecular Probes. Customers in 
Europe, Africa and the Middle East should contact our office in Paisley, United Kingdom. All others should contact our Technical As sis tance Department in Eugene, Oregon.

Please visit our Web site — probes.invitrogen.com — for the most up-to-date information.

Molecular Probes, Inc.
29851 Willow Creek Road, Eugene, OR 97402
Phone: (541) 465-8300 • Fax: (541) 335-0504

Customer Service: 6:00 am to 4:30 pm (Pacific Time)
Phone: (541) 335-0338 • Fax: (541) 335-0305 • probesorder@invitrogen.com

Toll-Free Ordering for USA:
Order Phone: (800) 438-2209 • Order Fax: (800) 438-0228

Technical Service: 8:00 am to 4:00 pm (Pacific Time)
Phone: (541) 335-0353 • Toll-Free (800) 438-2209 
Fax:  (541) 335-0238 • probestech@invitrogen.com

Invitrogen European Headquarters
Invitrogen, Ltd.
3 Fountain Drive
Inchinnan Business Park
Paisley PA4 9RF, UK
Phone: +44 (0) 141 814 6100 • Fax: +44 (0) 141 814 6260
Email: euroinfo@invitrogen.com
Technical Services: eurotech@invitrogen.com

Molecular Probes products are high-quality reagents and materials intended for research pur pos es only. These products must be used by, or directl y under the 
super vision of, a tech nically qual i fied individual experienced in handling potentially hazardous chemicals. Please read the Material Safety Data Sheet pro vid ed for 
each prod uct; other regulatory considerations may apply.

Limited Use Label License No. 223: Labeling and Detection Technology
For research use only. Not intended for any animal or human therapeutic or diagnostic use. The purchase of this product conveys to the buyer the non-transferable 
right to use the purchased amount of the product and components of the product in research conducted by the buyer (whether the buyer is an academic or for-profi t 
entity). The buyer cannot sell or otherwise transfer (a) this product (b) its components or (c) materials made using this product or its components to a third party or 
otherwise use this product or its components or materials made using this product or its components for Commercial Purposes. The buyer may transfer information 
or materials made through the use of this product to a scientifi c collaborator, provided that such transfer is not for any Commercial Purpose, and that such collaborator 
agrees in writing (a) to not transfer such materials to any third party, and (b) to use such transferred materials and/or information solely for research and not for Com-
mercial Purposes. Commercial Purposes means any activity by a party for consideration and may include, but is not limited to: (1) use of the product or its components 
in manufacturing; (2) use of the product or its components to provide a service, information, or data; (3) use of the product or its components for therapeutic, diagnos-
tic or prophylactic purposes; or (4) resale of the product or its components, whether or not such product or its components are resold for use in research. Invitrogen 
Corporation will not assert a claim against the buyer of infringement of the above patents based upon the manufacture, use, or sale of a therapeutic, clinical diagnostic, 
vaccine or prophylactic product developed in research by the buyer in which this product or its components was employed, provided that neither this product nor any 
of its components was used in the manufacture of such product. If the purchaser is not willing to accept the limitations of this limited use statement, Invitrogen is 
willing to accept return of the product with a full refund For information on purchasing a license to this product for purposes other than research, contact Molecular 
Probes, Inc., Business Development, 29851 Willow Creek Road, Eugene, OR 97402. Tel: (541)465-8300. Fax: (541)335-0504.

Limited Use Label License No. 204: Metal Ion Indicator Dyes
This product is licensed to Molecular Probes, Inc. and is subject to one or more of US Patent Nos. 5,049,673; 5,516,911 and corresponding foreign equivalents.  For 
research use only.

All names con tain ing the des ig na tion ® are reg is tered with the U.S. Patent and Trade mark Offi ce.
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