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Introduction Enzyme (U/mL)
Molecular Probes’ RediPlate™ 96 EnzCH&erine/Threo-
nine Phosphatase Assay Kit provides a fast, simple and direct Symbol Enzyme (Class)
fluorescence-based assay for detecting serine/threonine phos- = PP-2A (ser/thr phosphatase *)

phatases and their corresponding modulators and inhibitors. The
majority of protein phosphorylation occurs on serine and threo-
nine residues with <0.01-0.05% on tyrosine residussrine/
threonine phosphatases (Ser/Thr PPases) represent a large family
of enzymes that have been implicated in regulation of metabo-
lism ? transcriptior? translatiort, differentiation? cell cycle?
cytoskeletal dynamicspncogenesi$ and signal transduc- A LAR (PTPase 1)
tion.21° Our RediPlate 96 Assay Kit provides researchers with a
sensitive and convenient means to monitor Ser/Thr PPase activity
and to screen Ser/Thr PPase inhibitors. Unlike other microplate
assays, this kit provides the necessary reagents predispensed inftgure 2. Specificity of the RediPlate 96 EnzChek Serine/Threonine

a 96-well microplate. Simply reconstitute the fluorogenic sub- ~ Phosphatase Assay Kit for serine/threonine phosphatases. The phos-

strate in the assay wells with buffer, add the desired sample to phatases listed in the table were applied at the indicated concentrations
' to a RediPlate 96 EnzChek serine/threonine phosphatase assay

microplate. Reactions were incubated at 37°C. After 1 hour, the fluo-
rescence was measured in a fluorescence-based microplate reader using
excitation at 355 + 20 nm and emission at 460 + 12.5 nm.

PP-1 (ser/thr phosphatase *)
PP-2B (ser/thr phosphatase *)

Alkaline phosphatase

o|lO|r»|e

Acid phosphatase

* Serine/threonine phosphatase.  Tyrosine phosphatase.

the wells, incubate and then quantitate the fluorescence in any
standard fluorescence-based microplate reader. The substrate in-
corporated in the RediPlate 96 EnzChek Serine/Threonine Phos-
phatase Assay Kit is our patented 6,8-difluoro-4-methyl-
umbelliferyl phosphate (DiFMUP). This substrate generates
DiFMU, which exhibits excitation/emission maxima of
358/452 nm (Figure 1) and possesses a loy(K9) and a
high quantum yield (~0.89). Inhibitors are included in each as-
say well to ensure that the assay is selective for Ser/Thr PPases
: : . : : L — other phosphatases, including tyrosine phosphatases do not
250 300 350 400 450 500 550 600 significantly react with the substrate (Figure 2). Unlike phospho-
Wavelength (nm) peptide-based assays, DiIFMUP can be used to assay a variety of
Ser/Thr PPases including PP-1, PP-2A and PP-2B (Figure 2).
Figure 1. Normalized absorption and fluorescence emission spectra of Additional advantages of our assay include compatibility with
6,8-difluoro-7-hydroxy-4-methylcoumarin (DiFMU). non-ionic detergents and insensitivity to free phosphate, resulting
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120000

in minimal sample processing required before analysis. Ser/Thr
PPase inhibitors can be evaluated quantitatively in the assay for 1000004
their effect on Ser/Thr PPase activity (Figure 3).

The RediPlate 96 EnzChek Serine/Threonine Phosphatase ® 800004
Assay Kit includes one 96-well microplate, a bottle of reaction %
buffer and several buffer additives. To ensure the integrity ofthe 3 540004
fluorogenic components, the microplate is contained in a reseal- g o
able foil packet. The microplate consists of twelve removable = 40000 2000
strips, each with eight wells. Eleven of the strips (88 wells) are o
preloaded with the fluorogenic substrate, DIFMUP. The remain- 20000 500
ing strip, marked with blackened tabs, contains a dilution series O o w0 o o 150 120
of DIFMU as a fluorescence reference standard. 0 ; ; ; ; ;

0 1000 2000 3000 4000 5000 6000

" " DiFMU (picomoles)

aterials
Kit Contents Figure 4. Dynamic range and sensitivity of the serine/threonine phos-

phatase assay. A 100 pL volume of the reaction buffer optimized for
PP-2A was added to each well containing the DiFMU reference stan-
dard. Fluorescence was measured in a fluorescence-based microplate

¢ RediPlate 96 EnzChek serine/threonine phosphatase assay
microplate (Component A), one 96-well microplate

* RediPlate serine/threonine phosphatase 2X reaction reader using excitation at 355 + 30 nm and emission at 440 * 17.5 nm.
buffer (Component B), 12 mL of 100 mM Tris-HCl at pH 7.0  Background fluorescence (121 arbitrary units), determined for well H,
containing 0.2 mM CagGJ 250 pg/mL BSA and 0.1% has been subtracted from each well. The inset shows an enlargement of
Tweer 20 the results obtained with 0 to 100 picomoles of DiFMU dye. In the as-

* NiCl, (Component C), 1.0 mL of a 40 mM solution in water ~ say, 1 picomole of DiIFMU is equivalent to 1 picomole of phosphate.
e MnCl, (Component D), 1.0 mL of a 20 mM solution in water
¢ Dithiothreitol (DTT) (MW = 154.2, Component E), 50 mg
kit. Specifically, assays for PP-2C will require EGTA and MgCl

Storage and Handling and assays for PP-2B will require calmodulin (see Table 1).

Store the RediPlate 96 EnzChek Serine/Threonine Phos-
phatase Assay Kit at -20°C or below and protected from light.
When stored properly, the kit components should remain stable Experimental Protocol
for at least six months.

The following protocols describe the assay for Ser/Thr PPase
or Ser/Thr PPase inhibitor activity in total volumes of 100 pL
Materials required but not provided per microplate well. Each RediPlate 96 EnzChek Serine/Threo-
Due to the diverse nature of Ser/Thr PPases, the reaction nine Phosphatase Assay Kit contains one 96-well microplate
buffer may require additional components not included with this with 88 wells (11 strips) intended for assays and 8 wells (1 strip,
with blackened tabs) containing DiFMU for a fluorescence refer-
ence standard curve. Because each strip is removable, one can

45000
perform as many or as few assays as needed.
35000 RediPlate 96 Microplate Preparation
g 1.1 Allow the kit components to warm to room temperature.
S Remove the RediPlate Kit from the freezer and warm it to room
3 25000 temperatureDO NOT OPEN THE FOIL PACKET UNTIL IT
g IS WARM. The plate (Component A) will typically take
= 15000 | ~20 minutes to warm. Because the reaction buffer (Component B)
may take longer than 20 minutes to thaw at room temperature,
place the vial of buffer in a warm water bath to accelerate thaw-
5000 ing. After thawing, the buffer may be stored at 2—-6°C, for conve-
0 : - nience.
0.001 0.1 10 1000
Inhibitor (nanomoles) 1.2 Remove any extra strips.Determine the number of strips
required and carefully cut through the self-adhesive sealing film
Figure 3. Detection of PP-2A inhibition by okadaic acid using the with a razor blade and remove any extra strips that are to be used

RediPlate 96 EnzChek Serine/Threonine Phosphatase Assay Kit. Eachat a later date. Return these to the protective foil bag. All of the
reaction contained 50 pM DIFMUP, 10 mU/mL of PP-2A and the indi-  Strips, with the exception of the control strip with blackened tabs,
cated concentration (log scale) of okadaic acid in reaction buffer con- contain equivalent amounts of the Ser/Thr PPase substrate.
taining 50 mM Tris-HCI, 0.1 mM Cagll mM NiCl, 125 pg/mL BSA Empty strip holders from previously purchased RediPlate 96 kits
and 0.05% Tween 20. Reactions were incubated at 37°C. After 30 mingre yseful for storing extra assay strips.

utes, fluorescence was measured in a fluorescence microplate reader

using excitation aB55 + 20 nmand fluorescence detection480 +

12.5 nm.
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Reaction Buffer Preparation Table 2. Reference standards for the RediPlate 96 Serine/Threonine
Due to the diverse nature of Ser/Thr PPases, the provided re-Phosphatase Assay Kit.

action buffer may require the addition of salts, proteins or chela-
tors depending upon the specific enzyme to be assayed. Consult Well )
Table 1 for a listing of recommended components and their final DiFMU
concentrations in the reaction buffer. Please note that the buffer
composition is only a recommendation and may require addi-
tional optimization for a specific Ser/Thr PPase.

Amount of

5000 picomoles

3000 picomoles

1500 picomoles

2.1 (For PP-1 and PP-2¢ Prepare a 1 M stock solution of
dithiothreitol (DTT). Dissolve the contents of the vial of DTT
(Component E) in 325 pL of deionized water (G

500 picomoles

100 picomoles

50 picomoles

2.2 Optimize the reaction buffer. Using Table 1 as a guide,

add directly to the 2X reaction buffer (Component B) any addi-
tional components required by the Ser/Thr PPase for optimal ac-
tivity.

10 picomoles

I||mMmm|O|O|®m|>

0 picomoles

2.3 Prepare 1X reaction buffer. Dilute the concentrated reac- 3.2 Measure the fluorescenceThe fluorescence standard
tion buffer containing any additional components to a final vol-  samples are typically measured for fluorescence along with the
ume of 24 mL with dHO. samples from the Ser/Thr PPase or Ser/Thr PPase-inhibitor as-
says (see below).
Fluorescence Reference Standards
A standard curve derived from the provided reference stan-  Ser/Thr PPase Assay
dards can be used to convert fluorescence units obtained in an ad4-1 Add 50 pL of the reaction buffer to the assay wellsAdd
say into nanomoles of phosphate. One mole of the included the 1X reaction buffer (prepared in step 2.3) or another appropri-
reference standard, DiFMU, is equivalent to one mole of phos- ate buffer to as many assay wells as will be needed, and then
phate released by cleavage of the substrate, DiIFMUP. Further- mix by pipetting. It is important to fully solubilize the Ser/Thr
more, the fluorescence reference standards serve as controls for phosphtase substrate (DiIFMUP) in the microplate wells before
instrument-to-instrument variation, for day-to-day variation in adding the Ser/Thr PPase sample. To minimize background, re-
single-instrument performance and for linearity of the fluores-  hydrate the substrate immediately before the assay. The concen-
cence signal detection. tration of the reconstituted DiIMUP is now 100 pM but will be
50 pM in the final assay volume.
3.1 Prepare the fluorescence standardsAdd 100 pL of the
1X reaction buffer (prepared in step 2.3) to each well of the refer-4.2 Prepare a no-PPase controlinclude a negative control by
ence standard strip of the RediPlate 96 microplate, and mix by adding an additional 50 pL of reaction buffer to any well con-
pipetting. Blackened tabs differentiate this strip from strips con- taining the reconstituted substrate (prepared in step 4.1), and mix
taining DIFMUP. The control strip contains a series of DIFMU by pipetting.
reference standards (Table 2 and Figure 4). Well A has the high-
est amount of the reference standard (5000 picomoles); well H 4.3 Dilute the Ser/Thr PPase-containing sample®Dilute the
contains no reference dye. samplesn the 1X reaction buffer (prepared in step 2.3) or an-

Table 1.Additional reaction buffer components suggested for specific Ser/Thr phosphatases.

Ser/Thr Phosphatase Additive (Kit Component) Stock Concentration Volum# Final Concentration t
DTT (E) 1 M*=* 48 uL 2 mM
PP-1
MnCl; (D) 20 mM 240 pL 200 uM
PP-2A NiCk (C) 40 mM 600 pL 1mM
Calmodulint NAF NAt 10 ug/mL
PP-2B
NiCl; (C) 40 mM 60QuL 1mM
DTT (E) 1 M** 48 uL 2 mM
PP-2C EGTAZT NA T NAZ 1mM
MgCl § NA T NAt 20 mM
* Volume added to 12 mL of 2X Reaction BufferFinal concentration in 1X Reaction Buffet.Not included as a component of the RediPlate 96 EnzChel
Serine/Threonine Phosphatase Assay Kit.Prepared in step 2.1.  Will need to be supplied or determined by the end user. NA = not applicable.
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other appropriate bufferA volume of 50 pL will be used for taining samples into as many assay wells as will be needed, and
each reaction. The dilution factor required depends on the total then mix by pipetting. It is important to fully solubilize the Ser/
amount of Ser/Thr PPase present in the sample. In the first trial, Thr PPase substrate (DiFMUP) before adding the PTPase sample
the samples should be serially diluted to determine the optimal (see step 5.6, below). The concentration of the reconstituted
amount of sample for the assay. Please note that these Ser/Thr DiFMUP is now 62.5 pM but will be 50 pM in the final assay
PPase samples will be further diluted in the assay by a factor of volume.
two.
5.3 Prepare no-inhibitor controls. For controls, add 80 pL of
4.4 (Optional) Prepare a plus-PPase positive controlGener- reaction buffer, alone, to two assay wells and mix by pipetting.
ate a positive control by diluting an appropriate enzyme standardThe first well will serve as a no-inhibitor/no-PPase control; the
of known activity in the reaction buffer. A 50 pL volume will be other will serve as a no-inhibitor/plus-PPase control.
used. This plus-PPase control will validate the performance of
the fluorogenic substrate. 5.4 Dilute the Ser/Thr PPase in reaction bufferA volume of
20 pL will be used for each reaction. An appropriate dilution
4.5 Begin the reactions.Pipet 50 uL of the Ser/Thr PPase-con- will be required depending on the total amount of Ser/Thr PPase-
taining samples, including any positive control samples, into the inhibitor in the sample. The optimal Ser/Thr PPase concentra-
wells of the microplate containing reconstituted substrate (pre- tion for the Ser/Thr PPase-inhibitor must be determined in
pared in step 4.1), and mix well. advance. Please note that the Ser/Thr PPase sample concentra-
tion will be further diluted in the assay by a factor of five.
4.6 Incubate the reactions.Incubate at the optimal temperature
for the Ser/Thr PPase, protected from light. The exact interval 5.5 Prepare a no-inhibitor/no-PPase control.Add an addi-
will have to be determined experimentally. A suggested starting tional 20 pL of reaction buffer to the no-inhibitor/no-PPase assay
range is 20—30 minutes. Because the assay is continuous (not well (prepared in step 5.3) and mix by pipetting.
terminated), fluorescence can be measured at multiple time
points to follow the kinetics of the reactions. 5.6 Begin the reactions.Pipet 20 pL volumes of the Ser/Thr
PPase into each inhibitor-containing well. In addition, pipet
4.7 Measure the fluorescenceUse a fluorescence microplate 20 pL of the Ser/Thr PPase into the no-inhibitor/plus-PPase con-
reader equipped with appropriate filters. DiFMU has excitation/ trol well (prepared in step 5.3).
emission maxima of approximately 358/452 nm. We have found
that standard filters for blue-fluorescent dyes (e.g., excitation = 5.7 Incubate the reactions.Incubate at the optimal temperature
355 + 20 nm, emission = 460 + 12.5 nm) can be used to detect for the Ser/Thr PPase, protected from light. The optimal time
DiFMU. will have to be determined experimentally. A suggested starting
range is 20—30 minutes. Because the assay is continuous (not
4.8 Correct for background fluorescence.For each point, sub-  terminated), fluorescence can be measured at multiple time
tract the value derived from the no-PPase control. points to follow the kinetics of the reactions.

Ser/Thr PPase-Inhibitor Assay 5.8 Measure the fluorescenceUse a fluorescence microplate
The following provides one possible protocol for measuring reader equipped with appropriate filters. DiFMU has excitation/

Ser/Thr PPase inhibition with the RediPlate 96 EnzChek Serine/ emission maxima of approximately 358/452 nm. We have found

Threonine Phosphatase Assay; other protocols can also be de- that standard filters for blue-fluorescent dyes (e.g., excitation =

vised. Please note that the spectral properties of the Ser/Thr 355 + 20 nm, emission = 460 £ 12.5 nm) can be used to detect

PPase inhibitor alone may require evaluation prior to the experi- DiFMU.

ment to see if the compound absorbs or fluoresces at wave-

lengths that might interfere with DiIFMU’s fluorescence. Intrin- 5.9 Correct for background fluorescence.For each point, sub-

sic absorbance or fluorescence of the inhibitor can complicate théract the value derived from the no-inhibitor/no-PPase control.

interpretation of fluorescence observed in the reactions. Thus, it

may be necessary to perform additional controls not specified in 5.10 Report the change in fluorescencdnhibition can be re-

the following protocol. ported either directly as corrected fluorescence (from step 5.9, see
Figure 3) or as percent inhibition. Percent inhibition is calcu-
5.1 Dilute the Ser/Thr PPase inhibitor in reaction buffer. A lated by using the following formula:

volume of 80 pL will be used for each reaction. A variable dilu-

tion will be required depending on the potency of the inhibitor o =R

and the total amount of Ser/Thr PPase present in the sample. % inhibition = [1—M) x 100%

Please note that these inhibitor samples will be further diluted in control

the assay. The final inhibitor concentrations in the assay will be

0.8-fold lower than these initial concentrations. where E .. is the corrected fluorescence of the inhibitor-con-
taining sample and E . ,is the corrected fluorescence of the no-

5.2 Add the Ser/Thr PPase inhibitor—containing samples to inhibitor/plus-PPase control.

the assay wells.Pipet 80 pL of the Ser/Thr PPase inhibitor—con-
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Product List current prices may be obtained from our Web site or from our Customer Service Department.

Cat # Product Name Unit Size
R-33700 RediPlate™ 96 EnzChek® Serine/Threonine Phosphatase Assay Kit *one 96-well Microplate™ ............cocoverueueueueueeerereueeenennnas 1 kit
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 Leiden, the Netherlands. All others should contact our Technical Assis-
tance Department in Eugene, Oregon.

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

Molecular Probes, Inc. Molecular Probes Europe BV
29851 Willow Creek Road, Eugene, OR 97402 PoortGebouw, Rijnshurgerweg 10
Phone: (541)465-8300 ® Fax: (541) 344-6504 2333 AA Leiden, The Netherlands

Phone: +31-71-5233378 ® Fax: +31-71-5233419
Customer Service: 6:00 am to 4:30 pm (Pacific Time)

Phone: (541) 465-8338 ® Fax: (541) 344-6504 ® order@probes.com Customer Service: 9:00 to 16:30 (Central European Time)
Phone: +31-71-5236850 ® Fax: +31-71-5233419
Toll-Free Ordering for USA and Canada: eurorder@probes.nl

Order Phone: (800) 438-2209 ® Order Fax: (800) 438-0228

Technical Assistance: 9:00 to 16:30 (Central European Time)
Technical Assistance: 8:00 am to 4:00 pm (Pacific Time) Phone: +31-71-5233431 ® Fax: +31-71-5241883
Phone: (541) 465-8353 ® Fax: (541) 465-4593 ® tech@probes.com eurotech@probes.nl

Molecular Probes’ products are high-quality reagents and materials intended for research purposes only. These products must be used by, or directly
under the supervision of, a technically qualified individual experienced in handling potentially hazardous chemicals. Please read the Material Safety Data Sheet
provided for each product; other regulatory considerations may apply.

Several of Molecular Probes’ products and product applications are covered by U.S. and foreign patents and patents pending. Our products are not
available for resale or other commercial uses without a specific agreement from Molecular Probes, Inc. We welcome inquiries about licensing the use of our
dyes, trademarks or technologies. Please submit inquiries by e-mail to busdev@probes.com. All names containing the designation © are registered with the
U.S. Patent and Trademark Office.
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