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Inhibition of DUSP13B Activity by NSC 663284
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Dual-specificity phosphatases (DUSPs) are group of

enzymes that belong to the superfamily of protein-tyrosine

phosphatases and catalyze dephosphorylation of proteins

at both phosphorylated tyrosine and serine/threonine

residues.1,2 Several members of the DUSP family have

distinct substrate specificity, subcellular localization, and

induced expression pattern by extracellular stimuli.3 These

phosphatases play an important role in the regulation of

intracellular signaling cascades governing cell growth, differ-

entiation, and apoptosis.2,4 Among several phosphatases,

DUSP13 encodes two distinct DUSPs in alternative reading

frames, called MDSP (muscle-restricted DUSP) and TMDP

(testis- and skeletal muscle-specific DUSP). They are

called DUSP13A and DUSP13B, respectively.5 DUSP13

can dephosphorylate phosphotyrosine and phosphoserine/

threonine residues, but cellular targets of DUSP13 proteins

are yet to be characterized. Our recent report showed that

DUSP13A interacts with and activates apoptosis signal-

regulating kinase 1 (ASK1) regardless of its phosphatase

activity.6 DUSP13B is up-regulated at the meiotic stage and

expressed stage-specifically during spermatogenesis.7 Accord-

ing to the study of Katagiri et al., contrary to DUSP13A,

DUSP13B inactivates mitogen-activated protein kinase

(MAPK) activation in the order of selectivity, JNK = p38 >

ERK in cells, while DUSP13A did not show MAPK phos-

phatase activity.1

6-Chloro-7-[[2-(4-morpholinyl)ethyl]amino]-5,8-quino-

linedione (NSC 663284) is the first of a series of quino-

linediones that were known as a potent cell permeable

Cdc25 phosphatase inhibitor II and exhibited mixed inhibi-

tion kinetics against Cdc25A, Cdc25B2, and Cdc25C (IC50 =

29, 95, and 89 nM for Cdc25A, Cdc25B2, and Cdc25C,

respectively) (Fig. 1).8,9 NSC 663284 inhibition kinetics

reflect the potential for interactions at the two anionic

binding sites.10 NSC 663284 arrested cells at both the G1

and G2/M phase and inhibit dephosphorylation and activa-

tion of cdk1 and cdk2. By inhibiting Cdc25 isoforms, NSC

663284 blocks proliferation of several human tumor cell

lines.9,10

We examined the inhibitory effect of NSC 663284 on

DUSP13B using in vitro phosphatase activity assay. DUSP13B

was treated with various concentrations of NSC 663284, its

phosphatase activity was decreased dose-dependently by the

inhibitor (Fig. 2(a)). Inhibition curve of IC50 was described

from dose-dependent manner plots. This result indicates that

NSC 663284 inhibits DUSP13B with IC50 of 3.84 ± 0.86

µM. In subsequent experiment, we performed kinetics study

of NSC 663284 and DUSP13B. The kinetic analyses were

based on the Michaelis-Menten equation and provide experi-

mental evidence of a competitive inhibition. A Lineweaver-

Figure 1. Chemical structure of NSC 663284.

Figure 2. Inhibitory effect of NSC 663284 on DUSP13B. (a) The
half maximal inhibitory constant of enzyme was determined to
3.84 ± 0.86 µM. DUSP13B (100 nM) was incubated with various
concentrations of NSC 663284 at 37 oC for 30 min. Fluorescence
emission from the product was measured with a multi-well plate
reader as described in Experimental Section. (b) Lineweaver-Burk
plots of DUSP13B were generated from the reciprocal data.
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Burk analysis of NSC 663284 inhibition was carried out, and

the pattern of inhibition corresponds to that expected for

competitive inhibition (Fig. 2(b)). The plots show that the Ki

value of NSC 663284 for DUSP13B was 7.8 µM. These

results suggest that NSC 663284 regulates the catalytic

activity of DUSP13B as a competitive inhibitor by binding

to the catalytic site of the phosphatase.

Next, we investigated whether NSC 663284 regulates

activity of DUSP13B on dephosphorylation of MAPK in

vitro. We performed in vitro dephosphorylation assays with

active ERK2, JNK, and p38 that were phosphorylated in the

activation loops to identify a direct substrate of DUSP13B.

Active MAPK proteins were incubated with recombinant

DUSP13B purified from bacteria, then phosphorylated levels

of MAPKs were determined with immunoblot analysis using

anti-phospho-ERK, JNK, or p38 antibodies. DUSP13B failed

to dephosphorylate MAPKs, which suggests that MAPKs

are not substrates of DUSP13B (Fig. 3). These results sug-

gest that recombinant DUSP13B does not dephosphorylate

active ERK, JNK, and p38 in vitro. Our results of DUSP13B

activity on MAPKs are contradictory to previous report that

DUSP13B inactivates MAPK activation in cells. These results

raise the possibility that DUSP13B regulates upstream factors

of MAPK for signal transduction in vivo. Subsequently, to

determine whether DUSP13B is inhibited by NSC 663284

in cells, human embryonic kidney (HEK) 293 cells were

transfected with FLAG-DUSP13B expression plasmid and

treated with various concentrations of NSC 663284. After 3

h of NSC 663284 treatment, cells were lysed with PTP lysis

buffer. DUSP13B was immunoprecipitated from cell lysates

with anti-FLAG M2 affinity gel. Then, phosphatase activities

of immunoprecipitated DUSP13B were determined by in

vitro phosphatase assays using OMFP as a substrate (Fig. 4).

Phosphatase activities were inhibited in a dose-dependent

manner. The results showed that NSC 663284 effectively

permeated into the cells and inhibited DUSP13B activity.

Taken together, these data suggest that NSC 663284 inhibits

phosphatase activity of DUSP13B in vivo. The inhibitory

activity of NSC 663284 is independent of MAPK signal

pathway in our study. 

Protein phosphatase inhibitors are very important for their

pharmacological potency. NSC 663284 is a well-known

inhibitor of Cdc25 phosphatases that coordinate cell cycle

progression and cellular signaling. NSC 663284 prevents

proliferation of several human tumor cell lines.8 In this

study, we identified NSC 663284 as a potent competitive

inhibitor of DUSP13B and demonstrated that it could inhibit

DUSP13B activity in intact cell models. Thus, although the

cellular target proteins of DUSP13B are yet to be identified,

this study provides therapeutic potential that NSC 663284

could be a candidate of therapeutic reagent for spermato-

genesis disorder.

Experimental Section

Reagents and Antibodies. Monoclonal anti-FLAG M2

mouse antibody and anti-FLAG M2 affinity gel were pur-

chased from Sigma (St. Louis, MO). Anti-phospho-ERK

and JNK antibodies were from Cell Signaling Technology

(Danvers, MA). Anti-phospho-p38 antibody was from Santa

Cruz Biotechnology (Santa Cruz, CA). NSC 663284 was

from Sigma.

Plasmid and Recombinant Proteins. FLAG-tagged

DUSP13B was constructed in pcDNA3.1 plasmid (Invitro-

gen, Carlsbad, CA). His-DUSP13B was constructed in

pET28a (+) plasmid and transformed into BL21 (DE3)-RIL

E. coli. Recombinant protein purification for in vitro PTP

activity assay was performed as previously described.11

In vitro Phosphatase Assays and Kinetic Analysis.

Phosphatase activity was measured using the substrate 3-O-

methylfluorescein phosphate (OMFP; Sigma, St. Louis, MO).

NSC 663284 and OMFP were solubilized in DMSO. All

Figure 3. Phosphatase activity of DUSP13B on MAPK in vitro.
DUSP13B was incubated with recombinant active MAPK for 30
min at 37 oC. Phosphorylation levels of ERK, JNK, and p38 were
determined by immunoblot analysis as described in Experimental
Section.

Figure 4. Inhibition of DUSP13B by NSC 663284 in vivo. Human
embryonic kidney (HEK) 293 cells were transfected with FLAG-
DUSP13B expression plasmid and incubated for 48 h, and then
treated with various concentrations of NSC 663284. After 3 h of
treatment, HEK 293 cell lysates were subjected to immunoprecipi-
tation with anti-FLAG M2 affinity gel. Immunoprecipitated
DUSP13B was incubated with OMFP at 37 oC for 30 min. Fluore-
scence emission from the product was measured with a multi-well
plate reader as described in Experimental Section.
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reactions were performed at the final concentration of 1%

DMSO. The final incubation mixture (150 µL) was optimiz-

ed for enzyme activity and comprised of 30 mM Tris-HCl

(pH 7.0), 75 mM NaCl, 1 mM EDTA, 0.4 mM DTT, 0.33%

bovine serum albumin (BSA) and 100 nM of recombinant

PTPs. Reactions were initiated by addition of OMFP and

incubated for 30 min at 37 °C. Fluorescence emission from

the product was measured with a multi-well plate reader

(Biotek, excitation filter, 485 nm; emission filter, 535 nm).

Kinetic analysis was performed as previously described.12

Dephosphorylation of Recombinant Active MAPKs by

DUSP13B. Active ERK2 was kindly provided from Dr.

Jeong (KRIBB, Korea). Active JNK and active p38 was from

Merck Millipore (Billerica, MA). Dephosphorylation assays

were carried out as previously described.13 Subsequently, the

reaction mixtures were analysed by immunoblot analysis

using anti-phospho-ERK, JNK, and p38 antibodies, respec-

tively.

Immunoblot Analysis. Proteins were resolved by 10%

SDS-PAGE and transferred to nitrocellulose membrane

(Whatman, Springfield Mill, UK). Then the membranes

were blocked with 5% skim milk for 1 h and incubated with

an appropriate antibody, followed by incubation with a

horseradish peroxidase (HRP)-conjugated secondary antibody

(Sigma). The protein bands were visualized by the ECL

detection system (Pierce, Rockford, IL).

Immunoprecipitation and in vitro Phosphatase Activity

Assay. For the immunoprecipitation, human embryonic

kidney (HEK) 293 cells were transiently transfected with

FLAG-DUSP13B expression plasmid and NSC 663284 was

treated to the cells for 3 h. After incubation, cells were

washed several times with 1 X PBS (pH 7.4) to remove the

inhibitor remained in the media. The cells were lysed with

the lysis buffer containing 150 mM NaCl, 20 mM Tris-HCl

(pH 8.0), 0.5% NP-40, 0.5% Triton X-100, 1 mM EDTA,

1% glycerol, 1 mM PMSF and 1 µg/mL aprotinin. Cell

lysates were centrifuged at 13,000 rpm for 30 min at 4 °C

and the soluble fractions were immunoprecipitated with

anti-FLAG M2 affinity gel for 5 h at 4 °C. After binding, the

beads were washed with lysis buffer and the bound proteins

were incubated with OMFP, phosphatase substrate. The

reaction buffer was comprised of 30 mM Tris-HCl (pH 7.0),

75 mM NaCl, 1 mM EDTA, 0.4 mM DTT, 0.33% BSA. The

reaction mixtures were incubated at 37 °C for 30 min and

fluorescence measured using microplate reader (excitation

filter, 485 nm; emission filter, 535 nm).
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