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Summary

Protein tyrosine phosphatase nonreceptor type 13
(PTPN13) is a tyrosine phosphatase with multiple
interacting domains that has been implicated previously in
the regulation of apoptosis. We provide evidence that
PTPN13 plays an important role in the control of the
meiotic cell cycle. A cDNA coding for PTPN13 was isolated
during the screening for the substrate of protein kinase A

vesicle breakdown, the translation of Mos the
phosphorylation of Erk and the dephosphorylation of
Cdc2. The phosphatase activity of PTPN13 is required for
this synergism. Oocyte injection with specific small
interference RNA downregulates the expression of mRNA
for PTPN13 and blocks oocyte maturation induced by
progesterone, a blockade that can be overcome by Cdc25

expressed in mammalian oocytes. PTPN13 is expressed in overexpression. These findings indicate that PTPN13 is

both mouse andXenopusoocytes and is a substrate for
protein kinase A in vitro and in vivo. Expression of a
truncated constitutively-active PTPN13 inXenopusoocytes
synergizes with progesterone in the induction of germinal

involved in the regulation of the meiotic cell cycle.
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Introduction

During the growth and maturation of ovarian follicles of mos

species, oocytes are arrested in a dictyate stage of meiosis.

Mytl (Palmer et al., 1998). Activation of MAP kinase cascade

{Gotoh et al., 1995; Nebreda and Hunt, 1993) and de novo

gthesis of Ringo/Speedy (Ferby et al., 1999; Lenormand et

state, which has the properties of the G2 phase of mitosial-» 1999) are additional components involved in the activation
is characterized by the presence of a morphologicallf’ MPF and resumption of meiosis.

distinguishable nucleus with a prominent nucleolus (germinal Whereas the early events causing resumption of meiosis in
vesicle, GV) and is associated with partial decondensation gf@mmalian oocytes are still a matter of debate, at least two
the chromosomes. In all species studied, a gonadotropiﬁeceptor'—actl\(ated pathways have been shown to cause meiotic
dependent signal derived from somatic cells surrounding tHé€sumption in Xenopus oocytes. One pathway involves
oocyte induces reentry into the meiotic cell cycle, and’rogesterone binding and activation of a putative membrane
completion of the first meiotic division involves chromosomesteroid receptor that is coupled to a decrease in adenylyl
condensation, dissolution of the nuclear membrane (germingyclase (AC) activity and cAMP (Masui, 1967; Schuetz,
vesicle breakdown, GVBD) and spindle organization. This first967a; Schuetz, 1967b; Zhu et al., 2003a; Zhu et al., 2003b).
meiotic division is completed with the emission of the firstln & distinct pathway of less clear physiological significance,
polar body. Unlike the mitotic cycle where DNA synthesisinsulin-like growth factor 1 (IGF1) binds and activates a
occurs during the S phase, oocytes immediately enter a secoiéPsine kinase receptor that most likely signals through
division without an S phase and are arrested in metaphase agtivation of a phosphatidylinositol 3 kinase (PI3K) pathway
Only metaphase |l stage oocytes are able to underdbiu et al., 1995; Sadler and Maller, 1987; Sadler and Maller,
fertilization by the spermatozoa, complete the second meiotik989). In this pathway, PKB/AKT is activated and a
maturation and form pronuclei. phosphodiesterase (PDE) is one of the downstream targets of
The signaling network controlling meiotic resumptionthe kinase producing a decrease in cyclic AMP (cCAMP)
includes early components proximal to plasma membrangAndersen et al., 1998; Andersen et al., 2003). It is then
receptors and distal components, which are centered around essible that both the progesterone and the IGF1 pathways
regulation of the Cdc2/cyclinB complex (maturation promotingconverge on cAMP regulation.
factor, MPF) (Ferrell, 1999a; Ferrell, 1999b). The distal Convincing evidence is available that cAMP plays an
components are well characterized (Karaiskou et al., 200important role in maintaining meiotic arrest in both mammals
Nebreda and Ferby, 2000; Schmitt and Nebreda, 2002bdnd amphibians (Conti et al., 2002; Maller et al., 1979).
Extensive data are available on the control of MPF activity anthhibition of the activity of Gs in mice and frogs induces
the most immediate partners, including Cdc25 (Gautier et algocyte maturation (Gallo et al., 1995; Mehlmann et al., 2002),
1991; Kumagai and Dunphy, 1991; Rime et al., 1994) anduggesting that &s or @y maintain the oocyte AC in an active
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state leading to a constitutive production of CAMP. Inepitope on the N terminus. HA-tagged C-PTPN13 was then inserted
agreement with this view, it has been reported recently thatto the pSP64-poly (A) vector (Promega) for mRNA transcription.

AC3 and AC9 are expressed in mouse oocytes and thhfutagenesis of mouse C terminus PTPN13 (Cys2374Ser) was
inactivation of theAdcy3gene causes a leaky meiotic arrestPeriormed by using a Quick change site-directed mutagenesis kit
and possibly infertility (Horner et al., 2003). (Stratagene, La Jolla, CA) according to the protocol provided by the

: . . manufacturer. The mutation was checked by sequence analysis.
Dbovgl?st_rearp grqmthcAMR, tproteln kflnasg t'A (PK'tA)E 'SIThe pSP64-poly (A)-PDE3A construct was prepared as described
probably involved In € maintenance of meiotic arrest. Eart reviously (Andersen et al., 2003). Full-length mouse Cdc25B cDNA

studies have demonstrated that injection of a PKA catalytifas ampiified from mouse lung total RNA by RT-PCR using forward,
subunit completely blocks hormonal induction of oocytes GCCGGATCCGCCACGATGGAGGT!3and reverse, '5TGG-
maturation (Maller and Krebs, 1977). Conversely, injection 0CAGCAGGCTCATCATCACT-3 primers. Amplified PCR products
the regulatory subunit of PKA or the heat stable inhibitor ofvere then inserted into pcDNA3.1/V5-His-TOPO TA cloning vector
PKA (PKI) causes meiotic resumption Xenopusand mouse (Invitrogen), and the insert excised BanmHl and subcloned into
oocytes (Bornslaeger et al., 1986; Huchon et al., 1981; Mall@SP64-poly (A) vector (Promega Corp.). The insert was checked by
and Krebs, 1977). More recent data by Schmitt et al. indica@duence analysis.

that an inactive PKA catalytic subunit also blocks progesterongsyq,erse transcription and polymerase chain reaction

induced Xenopusoocyte maturation (Schmitt and Nebreda, For semiquantitative measurements of gene expression, total RNA

2002a), suggesting that PKA may prevent oocyte maturation kWas extracted fromXenopus oocytes using TRIzol solution

PKA catalytic-dependent and -independent mechanisms.  (nyitrogen). Total RNA was then treated with DNase | (Invitrogen)
In contrast to the above findings, little is known about theo remove genomic DNA. For reverse transcription, first-strand cDNA
mechanisms by which an active PKA maintains meiotic arresivas synthesized fromj®y of total RNA with random hexanucleotides
It has been hypothesized that PKA phosphorylates anak primer (SuperScript First-Strand Synthesis System for RT-PCR,
maintains key components of the meiotic machinery in aimnvitrogen). PCR incubation mixtures contained 50 mM KCI, 20 mM
inactive state, but evidence for direct substrates of PKA idris/HCI (pH 8.4), 1.5 mM MgCl 200 uM of deoxynucleoside
scant. Recently, it has been proposed themopusCdc25  triphosphate, 0.34M of each primer and 2.5 units daq DNA
phosphorylation fulfills these criteria (Duckworth et al., 2002) Folymerase (Invitrogen). The PCR conditions were as follows:
PKA phosphorylates Cdc25 in a cell-free system in S28 enaturation at 94°C for 2 minutes; followed by 27 cycles of

denaturation at 94°C for 1 minute, annealing at 55°C for 1 minute,

which is thought to be an inhibitory site also involved in 14-3-hd extension at 72°C for 1 minute, and final extension at 72°C for

3 |nterapt|on. However, other_PKA s_upstrates are probablyy minutes. The numbers of cycles were chosen by the pilot

present in the cascade controlling meiotic arrest. For examplgyperiments that showed the reactions were in the exponential phase.

it is unclear how the translation machinery is maintained in aBpecific primers were used to amplify cDNAs: xPTPN13 forward, 5

inactive state during meiotic arrest. Here, we have used a smallAGTCAGGACCCATCATTACA-3; xPTPN13 reverse, '&TT-

pool strategy to identify PKA substrates that function in theSATAGCAGAAAATATATT-3'; xGAPDH forward, 5CTCCTCTC-

signaling pathways involved in meiotic control. GCAAAGGTCATC-3; XxGAPDH reverse, 'SGGAAAGCCATT-
CCGGTTATT-3 (Stanford PAN Facility, Stanford, CA). PCR
products were analyzed by 1% agarose gel electrophoresis. RNA

Materials and methods without RT did not yield any amplicons indicating there is no
. . . contamination of genomic DNA.
In vitro expression screening For sequence analysis of the PTPN13 catalytic subunit, primers

A cDNA library was generated with oocytes from 22-day-old micewere designed from EST clones (GenBank accession number
(1.3x10° recombinants; gift from Dr John J. Eppig). This pPSPORT-PBJ063819 and BJ070269). Specific primers were used to amplify
(Invitrogen, Carlsbad, CA) plasmid library in tBscherichia coli(E. cDNA coding tyrosine phosphatase domain of PTPN13: (forward
coli) was diluted to 140 pools that included ~100 independent clongzimers) XPTPN13F1, "BE5TCATCCAATCTCTACTAG-3;

and plated on 150 mm plates. After overnight culture, a replica platePTPN13F2, 5GAGGACACAGACTGTGATG-3; (reverse primers)

was made. The original plates were then washed with 5 ml of LBERPTPN13R1, 5TGCCTCTGAAGTCGCATTG-3 xPTPN13R2, 5
medium to collect all the transforméd coli and were continuously GAGTATAACTTGATAGCAG-3'. Four different combinations of the
cultured in the LB medium overnight. Plasmids were isolated fronprimers (F1 and R1, F1 and R2, F2 and R1, F2 and R2) were used
pools using a plasmid miniprep kit (Qiagen, Valencia, CA). For makindor RT-PCR and amplified PCR products were subcloned into
an arrayed library, independent colonies were taken from the repliggc DNA3.1/V5-His-TOPO TA cloning vector (Invitrogen) followed by
plates and placed in 96-well plates with glycerol stock solution. In vitresequence analysis.

transcription and translation for each pool was performed usingtTNT ) ) )

coupled reticulocyte transcription/translation kit (Promega, Madisonimmunohistochemistry of mouse ovaries

WI) with [35S]methionine (New England Nuclear, Boston, MA). PTPN13 protein expression was visualized by immunohistochemical
Translated protein pools were then incubated for 30 minutes at 30°@etection with the Vectastain Elite ABC Kit (Vector Laboratories,
with or without 0.1 U protein kinase A catalytic subunit (Promega) inBurlingame, CA). Ovaries were fixed in Bouin’s solution, embedded
the kinase assay buffered solution (50 mM Tris, pH 7.4, 5 mM MgCl in paraffin and then cut into pm sections. Deparaffinized sections

4 ug/ml aprotinin, 0.7pug/ml pepstatin, 0.2 mM PMSF, 0y5g/ml were rehydrated and rinsed in PBS, and endogenous peroxidases
leupeptin, 0.Jug/ml cycloheximide, 0.8M okadaic acid, 1 mM ATP). were blocked by incubation in hydrogen peroxide followed by
Incubation mixtures were subjected to 8% SDS-PAGE (1:30 bisncubation in normal horse serum. The sections were then incubated
acrylamide), gels were dried and exposed to X-ray film (Eastmaavernight in an anti-mouse PTPN13 antibody (1:80; Santa Cruz

Kodak, Rochester, NY). Biotechnology) in a humidified chamber at 4°C. The distribution of
] ) the primary antibody was revealed with a biotinylated horse anti-goat
Plasmids and mutagenesis secondary antibody, and the avidin-biotin-peroxidase complex was

Isolated mouse C-terminal PTPN13 (amino acid 1917-2460) wasgisualized with DAB. Sections were rinsed in PBS between each
subcloned into a pCMV-HA vector for tagging the influenza virus HAstep. The specificity of the PTPN13 staining was checked by
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replacing the antibody with nonimmune IgG (Santa Cruz0.1% NP-40, 4ug/ml aprotinin, 0.7ug/ml pepstatin, 0.2 mM PMSF,

Biotechnology). 0.5pg/ml leupeptin, UM microcystin-LR), immunoprecipitated with
) ) 2 ug of anti-human PTPN13 antibodies (ScienceReagent)ugr &
In vitro mRNA synthesis nonimmune IgG (Santa Cruz Biotechnology) and protein G-sepharose

For in vitro mRNA synthesis, the pSPORT-P or pSP64-poly (A)(Amersham Pharmacia Biotech). Immunoprecipitated PTPN13 was
constructs were transcribed using the T7 or SP6 polymeraseiplicated then half were incubated with a kinase assayed solution
according to the procedure supplied by the manufacturer (mMessafg0 mM Tris, pH 7.6, 5 mM MgG] 1 mM ATP, 4ug/ml aprotinin,
mMachine Kit, Ambion, Austin, TX). The transcribed mRNA was 0.7 pg/ml pepstatin, 0.2 mM PMSF, 0j5g/ml leupeptin and 500
purified by phenolchloroform extraction, precipitated at —20°C withuCi/ml [y-32P]ATP (3000 Ci/mmol, Amersham Pharmacia Biotech))
one volume isopropanol and subsequently resuspended in DER@th or without 0.1 unit of PKA catalytic subunit at 30°C for 0, 5,
water. The mRNA concentration was measured by®and agarose 15 or 30 minutes. The reactions were terminated by adding
gel electrophoresis. The mRNA was diluted to a concentration of 4xXLaemmeli’'s sample buffered solution and boiling for 5 minutes.

mg/ml in DEPC water and stored at —80°C. The samples then were subjected to 6% SDS-PAGE, followed by
o autoradiography for 12 hours. The remaining half was used for
Injection into  Xenopus oocytes western blot analysis using anti-human PTPN13 antibodies

Ovary fragments were surgically removed from PMSG-primed(ScienceReagent).

Xenopus laevisand defolliculated oocytes were isolated after ) )

treatment with collagenase (2.5 mg/ml) in MBS buffer [10 mM Metabolic labeling of HEK293 cells

HEPES (pH 7.4), 88.0 mM NaCl, 1 mM KCI, 0.82 mM MgHQ.4 HEK293 cells were cultured until 50% confluency in 6 ml of DMEM
mM Na2 HCQ] for 1-1.5 hours. Dumont Stage VI oocytes were (Invitrogen) + 10% FBS media using 60 mm plates (Corning,
selected for all experiments. Oocyte storage and experiments we@orning, NY). For the metabolic labeling, the cell medium was
carried out in OR2 solution [5 mM HEPES (pH 7.8), 82.5 mM NacCl,exchanged to 3 ml of phosphate-free DMEM for 1 hour, theru&30

25 mM KCl, 1 mM CaCGl, 1 mM MgCh, 1 mM NaHPQ] of 32P orthophosphate (PhosphorddP, Amersham Pharmacia
supplemented with 0.1% BSA. Oocytes were routinely tested for theBiotech) was added in each plate for 6 hours. Metabolically labeled
progesterone responsiveness by incubation of 10 oocytes in 500 ndélls were stimulated with 1Q@M forskolin, harvested by using 1 ml

of progesterone in OR2 solution overnight at 16°C. Oocytes thatf Tris-NP40 lysis buffered solution [50 mM Tris (pH 7.6), 150 mM
exhibited a progesterone-stimulated GVBD of 80-100% were usedaCl, 1 mM EDTA, 0.1% NP-40, 4ig/ml aprotinin, 0.7ug/ml

The mRNAs, siRNAs or bD (vehicle) were injected using a pepstatin, 0.2 mM PMSF, Otg/ml leupeptin, UM microcystin-LR),
micromanipulator (Narishige USA, Long Island, NY) into and immunoprecipitated with [2g of anti-human PTPN13 antibody
defolliculatedXenopusoocytes. The oocyte maturation was induced(ScienceReagent) and protein G-sepharose (Amersham Pharmacia
by stimulating 0-500 nM of progesterone, or injecting Cdc25B mRNABiotech). The immunoprecipitated PTPN13 was duplicated and half
(1 ngl/oocyte) or PDE3A mRNA (20 ng/oocyte). Resumption ofwere subjected to 6% SDS-PAGE, followed by autoradiography for
meiosis was scored by the appearance of a white spot on the animal hours. The remaining half was used for western blot analysis by
pole of the oocyte. anti-human PTPN13 antibodies.

Western blot analysis Measurement of protein tyrosine phosphatase activity

Expression of HA-tagged clones and intracellular signaling moleculelyelin basic protein (MBP; Sigma) and constitutively active EGF
was analyzed after lysing injected oocytes inul@ysis buffer (250  receptor (Calbiochem) were incubated at 30°C for 6 hours in 40 mM
mM sucrose, 1 mM KCI, 1 mM Mggl 0.2 mM PMSF) per oocyte. imidazole-HCI (pH 7.2) containing 50 mM NaCl, 15 mM
The oocyte extract was isolated by centrifugation in a Beckman mod&g(CH3COOH), 100 mM MgCp, 100uM NazVO4, 200uM EDTA,

B centrifuge for 4 minutes at 4°C. The lipid supernatant was remove@.05% (vol/vol) Triton-X 100, 3% glycerol, and 40M [y-32P]ATP.

and the clarified supernatants were transferred to new microtube&t the end of the incubation, the sample was subjected to gel filtration
Approximately 25 pl of oocyte extract was analyzed by gel on a Sephadex G-15 fine column (20 ml column volume; Amersham
electrophoresis on 8% SDS-PAGE (1:30 bis: acrylamide). AftePharmacia Biotech). Fractions containing $fe-labeled MBP were
transfer, PVDF membranes (Immobilon, Millipore, Bedford, MA) pooled and stored at 4°C before use in protein-tyrosine phosphatase
were blocked overnight at 4°C in 0.2% blocking grades BSA (BioRaqPTPase) assay. The PTPN13 immunoprecipitates from HEK293 cell
Laboratories, Hercules, CA) in Tris buffered saline with 0.1% Tweerextracts were prepared as described above. Immunoprecipitates were
20. Immunostaining to detect HA-clone expression was performed biyien subjected to in vitro phosphorylation with 1 unit of PKA catalytic
incubating 1 hour with a 1:1000 dilution of an anti-mouse PTPN13Zubunit (PKA; Promega Corp.). The following controls were used:
antibody (Santa Cruz Biotechnology, Santa Cruz, CA), anti-humaRPKA + protein kinase A inhibitor peptide (PKI; Sigma), heat
PTPN13 antibody (ScienceReagent, El Cajon, CA), HA.llinactivated PKA or 1uM sodium orthovanadate for 30 minutes,
monoclonal antibody (COVANCE, Princeton, NJ), axéinopusMos  followed by washing three times with Tris-NP40 lysis buffered
antibody (Santa Cruz Biotechnology), antiphospho-p42/p44 antibodgolution. The washed immunoprecipitates were incubated 3fRth

(Cell Signaling, Beverly, MA), DC3 MAP kinase monoclonal labeled MBP in 25 mM imidazole (pH 7.4), containing 1 mg/ml BSA
antibody (gift from Dr James J. Ferrell, Jr), antiphospho-CdcZand 0.1%(vol/vol) 2-mercaptoethanol at 30°C for 15 minutes. The
antibody (Cell Signaling) or anti-Cdc2 antibody (Oncogene Researcteaction was terminated by applying the aliquots to P81 cellulose filter
Products, San Diego, CA). Specific proteins were visualized aftguaper, followed by washing once at 4°C in 10% trichloroacetic acid
subsequent 1:5000 dilution of anti-mouse, -rabbit, or -goat IgGTCA) and then three timesin 5% TCA. The paper filters were dried
conjugated to horseradish peroxidase (Amersham-Pharmacia Bioteahith methanol, and counted using a liquid scintillation counter.
Santa Cruz Biotechnology) and ECL procedure (AmershanTyrosine phosphatase activity was calculated by subtracting the counts

Pharmacia Biotech). from each sample from the total count (without immunoprecipitates).
) ] The experiments were repeated at least three times and representative
In vitro phosphorylation of PTPN13 data are reported.

HEK293 cells were cultured until 50% confluency in 6 ml of DMEM i

(Invitrogen) + 10% FBS media using 60 mm plates. After 6 hours o$iRNA preparation

serum starvation of the cells using serum-free DMEM, cells weré&our sets of primers from ESWXenopus PTPN13 sequences
harvested by using 50 mM Tris (pH 7.6), 150 mM NaCl, 1 mM EDTA,(GenBank Accession Number BJ063819 and BJ070269)
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corresponding to the mouse PTPN13 sequence (2020-2446) were usedre designed according to these EST sequences and RT-PCR
for generating small interference RNA (siRNA) targetignopus — was performed using total RNA purified frotenopusocytes
PTPN13. Twenty-one nucleotide DNA oligos for target sequencess a template. With this strategy, the entire amino acid sequence
with an additional T7 promoter binding site, were chemicallyof the tyrosine phosphatase domairxehopusPTPN13 was

synthesized (Stanford PAN Facility). The siRNA sequences targetin s ; ; i P
PTPN13 mRNA are shown in Table 1. SiRNAs were made accordin'%]ing-lﬁga(s?gdgrﬁg%' EPI;EJSZ&Z? %%Tn?al:}] |;¥§31§|T¥2r4tg%
to the procedure supplied by the manufacturer (Silencer siRN ’

0
construction kit, Ambion). Concentration of synthesized siRNAs Wag(enoeus versus mouse, 75.119Kenopusversus human,
determined by measuring the &8 Aliquoted SIRNA (1 mg/ml) was 90-83% mouse versus human).

kept at —80°C until use.

Bioinformatic tools

BLAST (Basic Local Alignment Search Tool) search was performec
using NCBI BLAST 2.2.6 (http://www.ncbi.nlm.nih.gov/BLAST/).
Scansite (http://scansite.mit.edu/) was used for identification of motif

A.

Pool No. 1 1 S A < OO AN - I

within proteins likely to be phosphorylated by protein kinase A.

Results

Small pool screening strategy for PKA substrates

A small pool strategy was used to identify PKA substrate:
involved in the control of oocyte maturation. A complementary

PKA

98kDa »
64kDa —»
50kDa—»

DNA plasmid library of 1.%10° recombinants from mouse
oocytes was subdivided into pools of ~100 clones. Eac
plasmid pool was in vitro-transcribed/translated in the presenc
of [33S]methionine, then incubated in the absence or presen
of a PKA catalytic subunit and ATP followed by fractionation B Clone
on SDS-PAGE (Fig. 1A). Pools containing translated protein T
that shifted in mobility after incubation with PKA were further PKA
purified in a second and third round of screening until a sing|
plasmid was obtained. One hundred and forty independe
pools of ~100 clones were screened and 10 independent clor
were identified as potential PKA substrates by this in vitrc
expression screening (four representative positive clones a o
shown in Fig. 1B). Confirmed clones were then transcribed int 64kDa —» 32
mRNAs and injected intiXXenopusoocytes to determine their - ‘33“
effect on progesterone-induced oocyte maturation. In th 50kDa— | MET
presence of progesterone, mRNA from clone 1-4B, but nc '
three other clones, produced a consistent acceleration of ooc
maturation as compared to the®injected controls (Fig. 1C).
Sequencing of the insert and a BLAST homology searc
revealed that the 1-4B clone codes for the C terminal fragme
(amino acid 1917-2460) of the protein tyrosine phosphatas
nonreceptor type 13 (PTPN13, also known as FAP1, PTPL:
PTP1E, PTP-BL or PTP-BAS). The mouse full-length proteir
consists of 2460 amino acids with a long N terminus containin
a FERM domain and five PDZ domains (Fig. 2A). Partial 25
XenopusPTPN13 sequences are available as EST sequenc
(GenBank Accession Numbers BJ052929, BJ063819 ar - S e
BJ070269) that corresponds to amino acids 2020-2259 ai Time (h)
2345-2446 of the mouse PTPN13 sequence. Several prime

L
g K
-~ (3]

98kDa —»

100+

% of GVBD

Fig. 1. Screening for potential PKA substrates from a mouse oocyte
library. (A) Radiolabeled protein pools were generated and analyzed
by a SDS-gel mobility shift assay. Asterisks indicate the proteins
where mobility was shifted by incubation with PKA. (B)

Table 1. Sequence of PTPN13 siRNAs and scrambled
SsiRNAs

Primer Sequence Radiolabeled proteins derived from isolated single clones (1-4B, 1-
SIRNA-1 5-AAGTCAGGACCCATCATTCAC-3 5B, 3-7F and 14-12D) were incubated with or without the PKA
SIRNA-2 5-AAGGACCTCTTCCTAGTACAG-3 catalytic subunit, followed by a SDS-gel mobility shift assay. (C)
siRNA-3 5-AAAATTTTGCTCCCATACCAT-3 mRNA from each independent clone were synthesized in vitro.
SiRNA-4 5-AATTCCTCAGTGATTTCTATG-3 Twenty nanograms of each mRNA (in 20 nl a3 or 20 nl of HO
Scrambled 1 SAAGAAACCCGGTTAAACCCTT-3 (vehicle) were injected into 3Renopusocytes 12 hours before 500
Scrambled 2 5AAGCCCTTGGCACACATATAA-3 nM progesterone stimulation. Percentage of GVBD was measured by
Scrambled 3 SAAGTGTGCCCCCCAAATTAAA-3

counting white spots on the animal polexehopusocytes.
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PTPN13 is expressed in mouse and  Xenopus oocytes Endogenous PTPN13 is phosphorylated by PKA

Several strategies were followed to determine the expressi@ctanning of the mouse PTPN13 sequence for putative PKA
of PTPN13 in mouse an¥enopusoocytes. For RT-PCR phosphorylation sites indicated the presence of 12 potential
analysis, 5and 3 primers that produce 248 bp PCR productssites located around S40, S145, T401, S493, S503, T827, S919,
were designed from the C-terminaXenopus PTPN13 S929, S1073, S1233, S1641 and T2383, sites that are
sequence. Using this strategy, PTPN13 mRNA was detected @onserved in the human sequence. To determine whether full-
stage VI Xenopusoocytes (Fig. 3A). Similar results were length PTPN13 is phosphorylated by PKA, both cell-free and
obtained with mouse GV oocyte mRNA (data not shown)intact cell experiments were performed. Endogenous PTPN13
Moreover, immunohistochemistry of mouse ovary section$rom HEK293 cells was immunoprecipitated using anti-
using an anti-mouse PTPN13 antibody demonstrateBTPN13 antibodies or control 1gG. Immunoprecipitated
immunoreactivity in the oocytes, whereas little signal wa$*TPN13 was subjected to in vitro phosphorylation using
observed in granulosa cells (Fig. 3B). However, this antibodj?2P]ATP and a catalytic subunit of PKA, followed by SDS-
cross-reacted poorly with théenopusPTPN13 and could not PAGE. As shown in Fig. 4A, specific phosphorylation of
be used to evaluate protein expression in the frog oocytes. the immunoprecipitated PTPN13 by PKA was evident;
however, no clear shift in mobility of the band
A could be detected. In addition, PTPN13 was
: immunoprecipitated from lysates of metabolically
labeled HEK293 cells incubated with or without

FEIRES ik PTPase forskolin. SDS-PAGE indicated that PTPN13 is
! L ' Fulldength mouse phosphorylated under basal conditions in an intact
PTPN13 cell. More important, forskolin treatment caused an
SeminusXanopas increase in32P] incorporation in the protein (Fig.
— BTENS 4B). To determine whether the PKA-mediated
phosphorylation of PTPN13 impacts its activity,
B- PTPase activity in PTPN13 immunoprecipitates was

mPTEN13 2010 RE
KETEN13 2036 L
*PTPN13 R

mPTPN13 20 == "B BEE
hPTPN13 20 ST 5 Ef
xPTPN13 L EEOTDC 2 S e - - - - - - - -

mPTEPN13 2122 ST
hPTPN13 2156 LPI
*PTPN1Z 101 GQYKLFY]|

PTPN13 activity was decreased 50% by incubation
with PKA, whereas little change in PTPase activity
was observed by incubation with a PKA + PKA

inhibitor peptide (PKI) or heat-inactivated PKA

(HI-PKA) (Fig. 4C). These results indicate that
PTPN13 can be phosphorylated by PKA, and this
PKA-dependent phosphorylation reduces its
tyrosine phosphatase activity.

Rﬁ‘? 15 measured after in vitro phosphorylation with PKA.
E Evg KLS

LONGLLSEHFEEQIEREL

mPTPN13
hETPN13
xPTPN13

Injection of C terminus PTPN13 accelerates
Xenopus oocyte maturation induced by
progesterone

In order to define the roles of PTPN13Xenopus
oocyte maturation, we constructed an HA-tagged C
terminus constitutively active PTPN13 (C-PTPN13)
that codes for amino acid 1917-2460 of the mouse
PTPN13 sequence. Twenty nanograms of C-
PTPN13 mRNA in 20 nl kD or 20 nl HO (vehicle)
were injected into stage VKXenopus oocytes.
Twelve hours after the injection, each group of
oocytes was  stimulated with  different
concentrations of progesterone and the meiotic
progression was determined by scoring GVBD. As
shown in Fig. 5A-C, expression of C-PTPN13
Fig. 2. Structure of PTPN13. (A) Full-length mouse PTPN13 and C-terminus accelerates GVBD in response to progesterone.
XenopusPTPN13. The full-length PTPN13 contains N-terminal FERM domain When oocytes were stimulated with a threshold
(also known as band 4.1 homology membrane-binding domain), five PDZ progesterone concentration (100 nM), ~50% of the
dgma'g.s tagdp"i‘rgm%'” t;{rcl)stl_ne dphos_phatqse (P'_I'dPase) dodrgg'r% (B) Alignment gocytes injected with C-PTPN13 mRNA underwent
of predicte catalytic domain amino acid sequen pus : . :
(xPTPN13), and the sequences of mouse (MPTPN13) apd human (hPTPN13)'c?k:/s?all?\;edv%rrlecsggjtelslt?neje(r:?;clio\}\l;i:th "\?j#gg“(‘;?g V;i?
C terminusXenopud”TPN13 is based on RT-PCR analysis, and the sequences . . ) ’
are from databases (GenBank Accession Numbers BJ052929, BJ063819 and At a h|gher concentlrauon of progesterone, an
BJ070269). A solid line indicates the protein tyrosine phosphatase domain. An@cceleration of the time course of GVBD was
asterisk indicates the catalytically important residue in this domain that we use@bserved (Fig. 5B,C). Finally, the effect of C-
for mutagenesis in this report. PTPN13 was concentration dependent (Fig. 5D).

mMETFN13
hPTFN13
xPTPN13
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These results indicated that the expression of PTPNI1Bhosphatase activity of PTPN13 is necessary for

potentia_tes the progesterone effects ¥enopus oocyte  synergism with progesterone

maturation. To determine whether the catalytic activity of PTPN13 is
C-PTPN13 expression affects the MAP kinase necessary for the acceleration of progesterone-induced oocyte

cascade
The expression of Mos and phosphorylation of Erk2 and Cch' P IgG hPTPN13 Ab hPTPN13 Ab
was monitored in oocytes expressing a constitutively activ
PTPN13. In addition to promoting GVBD, the expression of
C-PTPN13 in the presence of a threshold progesteror Inc-time 0 5 15 30 0 5 1530 0 5 15 30
concentration induced the accumulation of Mos, the {min) -
phosphorylation of Erk2 and the dephosphorylation of Cdc:

PKA o I e

! 32
(Fig. 6). No effect of C-PTPN13 was observed wher P
progesterone was omitted (data not shown). Thus, these d:
indicate that the expression of a constitutively active PTPN1
increases the sensitivity of the oocyte to progesterone as w 2.5,
as shortening the response time. B. Forskolin (1001M) -
(mn) 0 15 30 0 g *®
A Reverse g 's
Transcrptase QT T TN
S 1.0
s
we [ G |
o 0.51
['4
0.0-
0 30
C Time (min)
. 125+
p<0.001 T
100+ —— e
o i i
22 1
g“é 75-
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P 19G PTPN13

Fig. 4.Phosphorylation of PTPN13 by PKA in vitro and in vivo.
(A) HEK?293 cell lysate was subjected to immunoprecipitation using
control 1gG (lane 1-4) or anti-human PTPN13 antibodies (lane 5-12).
Immunoprecipitates were then incubated with or without PKA
catalytic subunits for the indicated time followed by 6% SDS-PAGE
analysis. Radiolabeled PTPN13 was detected by autoradiography.
(B) [32P]-metabolic-labeled HEK293 cells were stimulated with 100
UM forskolin for the indicated time. Harvested cell lysates were then
subjected to immunoprecipitation using an anti-human PTPN13
antibody or control IgG, followed by 6% SDS-PAGE analysis.
Radiolabeled and total PTPN13 were detected by autoradiography
. . (upper panel) or western blotting analysis (lower panel). Densitometric
Immunohistochemistry analysis was performed on four independent experiments and the
Anti-mouse PTPN13 average and SEM are reported in the bar graph. (C) Human PTPN13
was immunoprecipitated by anti-PTPN13 antibody or normal rabbit
Fig. 3.PTPN13 expression in the oocytes. (A) The expression of  1gG from HEK293 cell lysates. Immunoprecipitated PTPN13 was then
PTPN13 mRNA inrXenopuocytes was determined by RT-PCR. subjected to in vitro phosphorylation with or without PKA catalytic
Minus RT was used as a negative control. (B) Immunohistochemistrgubunit (PKA), PKA + PKI, or heat-inactivated PKA (HI-PKA). After
of mouse ovary was performed using a polyclonal antibody against washing three times with lysis buffered solution, tyrosine phosphatase
mouse PTPN13. Arrows indicate the cytoplasm of the oocytes. activity in the immunoprecipitates was measured.
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maturation, Cys2374Ser point mutations were introduced imduced GVBD was not observed suggesting that phosphatase
the catalytic site of mouse PTPN13. Nakai et al. have showactivity is necessary for the potentiation (Fig. 7).

that the corresponding mutation of human PTPN13 resulted in . .

an inactive PTPN13 protein (Nakai et al., 2000). When thi®ownregulation of PTPN13 causes an arrest in

mutant was used for injection, acceleration of progesterondrogesterone-induced oocyte maturation

A.

Fig. 5. Effects of C-PTPN13 injection on progesterone-inducing
Xenopuocyte maturation. (A-C) Twenty nanograms of HA-tagged
C-PTPN13 mRNA (in 20 nl kD) or 20 nl of HO were injected into
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To further clarify the role of the endogenous PTPN13 in
Xenopusoocyte maturation, small interference RNA (SiRNA)
was used to downregulate the PTPN13 expression. Sequences
targeted for siRNA were selected from availablenopus
PTPN13 sequences. Four 21 bp sequences specific for
PTPN13, and with no homology to other known sequences, as
well as corresponding scrambled sequences were used to
prepare siRNA (Table 1). Total RNA from siRNA-injected
oocytes or control oocytes were then purified followed by RT-
PCR analysis usingtenopusPTPN13 orXenopusGAPDH
primers. Two out of four PTPN13 siRNAs (siRNA-1 and
siRNA-2) significantly decreased the expression of the
endogenous PTPN13 mRNA, albeit to a different degree,
whereas GAPDH expression was not affected (Fig. 8A,C).
After injecting SiRNA, theXenopusoocytes were stimulated

by progesterone, and the number of matured oocytes was
recorded. As shown in Fig. 8A,C, only those siRNAs that
significantly decreased PTPN13 mRNA blocked progesterone-
induced oocyte maturation. In addition, none of the scrambled
SsiRNA decreased the expression of the PTPN13 mRNA (Fig.
8B). A complete time course and concentration dependence of
the effect of the most potent sSiRNA and its corresponding
scrambled siRNA are reported in Fig. 8C,D.

We confirmed that expression of PTPN13 is required for the
activation of the signaling pathways necessary for resumption
of meiosis by monitoring the effect of siRNA on MAPK and
MPF. PTPN13 siRNA-1, scrambled siRNA-1 or vehicle were
injected intoXenopusocytes that were then incubated with or
without progesterone for 8 hours. Accumulation of Mos,
phosphorylation of Erk2 and dephosphorylation of Cdc2 in
response to progesterone were blocked by injecting PTPN13
siRNA-1 whereas a scrambled siRNA-1 had no effect (Fig. 9).

Cdc25 is the dual-specific  phosphatase that
dephosphorylates and activates Cdc2. In view of the data
indicating that PKA phosphorylates PTPN13, we investigated

o) (]

- -

=z z

o £ o E

Injection & & ~ &

o et =tetliffe%
mos ‘ --H -‘ HA

Phospho ERK2 ‘

q l-—# Phospho CDC2
ERK2 ‘d‘—-ﬁ cDC2

30 Xenopusocytes and 12 hours later oocytes were stimulated withFig. 6. Effect of C-PTPN13 injection on progesterone-dependent
the indicated concentration of progesterone. Resumption of meiosischanges in signaling moleculesXenopuocytes. Twenty

was scored at the indicated time by the appearance of a white spot nanograms of HA-tagged C-PTPN13 mRNA (in 20 pOjor 20 nl
the animal pole of the oocyte. (D) Different amounts (as indicated) cof H2O were injected intXenopusocytes and 12 hours later

HA-tagged C-PTPN13 mRNA were injected ildenopuocytes

oocytes were stimulated with 100 nM progesterone for 8 hours. The

and 12 h later oocytes were stimulated with 500 nM progesterone. oocyte lysates were subjected to 8% SDS-PAGE and the expression
Results shown are representative of the two independent experimerand phosphorylation of each protein were determiSadilar results

performed.

were observed in three independent experiments.



4994 Development 131 (20) Research article

whether this phosphatase functioned upstream of Cdc2bvercome the blockade induced by downregulation of PTPN13
siRNA-1, scrambled siRNA-1 or vehicle were injected into theindicating that PTPN13 is downstream of CAMP/PKA. These
Xenopusoocytes. After 12 hours, 1 ng of mouse Cdc25Bdata also confirm that the effect of the siRNA is specific and
mRNA was injected into one group of oocytes, whereashat the machinery involved in meiotic resumption functions
another group was stimulated by 500 nM of progesterone. Amroperly after the siRNA blockade is bypassed.
shown in Fig. 10, Cdc25B injection overcame the blockade in
oocyte maturation induced by PTPN13 siRNA. These datfi‘)iscussion
suggest that Cdc25 is downstream of PTPN13. Converselg, o )
overexpression of PDE3A, which is sufficient to inducePTPN13 as a physiological substrate for protein
maturation in oocytes (Andersen et al., 2003), could ndinase A in oocytes
Numerous reports have investigated the role of the cAMP
signaling pathway in meiotic resumption of oocytes

A (Karaiskou et al., 2001; Nebreda and Ferby, 2000; Schmitt and
: Nebreda, 2002b); however, little information is available on
i B2 Erass the nature of the substrates of the cAMP-dependent kinase
—= . ' Fullongth mouse (PKA) responsible for maintaining meiotic arrest (Duckworth
PTPN13 et al., 2002). In this report, we identify protein tyrosine

phosphatase nonreceptor type 13 (PTPN13) as a PKA
substrate expressed in mouse afghopusoocytes. Using
(HA}—SEEEEEN C-PTPN13FD constitutively active mutants or RNA interference, we provide

Cymndte evidence that this phosphatase is necessary for meiotic
resumption, and although not sufficient to promote maturation
by itself, it potentiates the progesterone effects. We propose
that, in addition to the recently identified Cdc25, PTPN13 is
a target for PKA phosphorylation and that it acts at a step
distal to PKA in the program activated during oocyte
maturation. Thus, our results suggested this phosphatase,
which was previously thought to be involved in apoptosis, has
an important additional role in the control of the meiotic, and
perhaps mitotic, cell cycle.

Protein tyrosine phosphatase nonreceptor type 13 (PTPN13;
also known as FAP1, PTPL1, PTP1E, PTP-BL or PTP-BAS)
IB: anti-HA is a 250 kDa protein tyrosine phosphatase expressed in most
cells (Hendriks et al., 1995). The protein is composed of a C-
terminal catalytic domain and a large N terminus. The N
terminus contains one FERM and five PDZ domains that are
most probably involved in protein/protein interaction. This
o H,0 protein was identified by yeast two-hybrid screening as a
1007 4 C-PTPN13WT molecule that interacts with the intracellular domain of Fas
v C-PTPN13 PD (APO1/CD95) (Sato et al., 1995), and several reports have

explored the anti- or proapoptotic role of this protein. Tumor
cell lines expressing a high level of PTPN13 protein are
resistant to Fas-mediated apoptosis (Meinhold-Heerlein et
al., 2001). Likewise, Jurkat cells transfected with PTPN13
cDNA become resistant to Fas-mediated apoptosis, and
downregulation of PTPN13 correlates with sensitization to
— 11 Fas-mediated apoptosis in interleukin 2 (IL2)-activated T cells
and myelodysplastic transferred cells (MDS) (Mundle et al.,
1999). However, Bompard et al. showed the expression of
Fig. 7. Effect of phosphatase-dead C-PTPN13 injectioiXenopus PTPN13 has a negative effect on the insulin-like growth factor
oocyte maturation. (A) Schematic diagram of full-length mouse 1 (IGF1)-induced antiapoptotic effect (Bompard et al., 2002).
PTPN13 (mPTPN13), HA-tagged C-terminus mPTPN13 (C-PTPN13 herefore, further studies are required to assess the role of
or C-PTPN13 WT) and HA-tagged C-terminus C2374S mutant PTPN13 in oocyte apoptosis.
mPTPN13 (C-PTPN13 PD), a construct where the conserved

cysteine 2374 was mutated to serine. (B) mMRNA coding for a HA-  Constitutive activation of PTPN13 modulates
tagged C-PTPN13 (C-PTPN13; C-PTPN13 PD) or vehickOjH Xenopus oocyte maturation

was injected int&Xenopusocytes. Twelve hours later, oocyte . . .
extracts were prepared and the expression of the two constructs wa&E€CeNtly, it has been shown that PTPN13 is present in the

detected using HA antibodies. (C) Twelve hours after injection of ~Centrosomal area during interphase/metaphase and moves to
these mMRNAs, oocytes were treated with 500 nM progesterone andthe spindle mid-zone in anaphase, underscoring the possibility
resumption of meiosis was scored at different times of incubation. that PTPN13 functions during the cell cycle (Herrmann et al.,
Results shown are representative of three independent experiments2003).
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In the functional studies we report here, we found tha€dc25 is involved in oocyte maturation by controlling the
progesterone-induced oocyte maturation is significantlphosphorylation state of one of the components of the
accelerated by the overexpression of C-terminal constitutivelgnaturation promoting factor (MPF), Cdc2 (Gautier et al., 1991,
active PTPN13 (C-PTPN13). Because a construct containingumagai and Dunphy, 1991; Lincoln et al., 2002; Rime et al.,
only the catalytic domain was effective, we conclude thal994). Therefore, one possibility is that PTPN13 substitutes for
neither the PDZ domains nor the FERM domain is necessadc25 by dephosphorylating Tyrl5 on Cdc2. However, in the
for the meiotic promoting effects. Nevertheless, it is uncleaabsence of progesterone, little dephosphorylation of Cdc2
at present whether full-length PTPN13 would affectwas observed after overexpression of C-PTPN13 (data not
progesterone-induced maturation because very littlshown). In addition, preliminary experiments incubating
accumulation of PTPN13 protein was obtained even aftemmunoprecipitated PTPN13 with phosphorylated Cdc2 did
injecting large amounts of full-length PTPN13 mRNA. not show appreciable dephosphorylation (data not shown).
Moreover, injection of the phosphatase-dead mutant indicatéthese findings suggest that C-PTPN13 does not directly
phosphatase activity is required for accelerating oocytdephosphorylate Cdc2 and that other intermediates are
maturation induced by progesterone. These findings suggestphosphorylated on tyrosine residues. Identification of these
that dephosphorylation of an unknown PTPN13 substratphysiological substrates of PTPN13 should clarify the role of
transduce signal(s) is important for meiotic resumption. this phosphatase in meiotic control. At least two candidate

It is well established that the dual-specific phosphatassubstrates for PTPN13, ephrin B akdB) already have been
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Fig. 8. Effects of PTPN13 siRNA injection okenopusocyte maturation. Ten g 3B

nanograms of specific PTPN13 siRNAs (A) or scrambled siRNAs (B), or g v 2
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injected intoXenopugocytes. After 12 hours, oocytes were collected and totale °0

RNA was isolated. Two micrograms of total RNA was used for semiquantitative 2s-

RT-PCR After 12 hours, oocytes were stimulated by 500 nM progesterone for 10

hours (A,B) or the indicated numbers of hours (C,D) and resumption of meiosis 9%
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was scored. These experiments were repeated at least five times and Time (h)
representative results are shown.
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were subjected to 8% SDS-PAGE, and the expression and C
phosphorylation of each protein were detected by western blotting . PDE3A injection
analysis

1004

o H,0

identified (Nakai et al., 2000; Palmer et al., 2002). It is wel g s 4SRN
established thatkB is involved in NKKB signaling, but the ® =
significance of the phosphorylation &B in NF«B regulation =
is unclear, nor is information available on the role okRFHn B
meiosis. Ephrin B was identified as a membrane-bound ligar T A
for the Eph receptor, and not only the Eph receptor but also tt 0 1234567 891012
ephrin B can transduce intracellular signals. Cowan an Tame (hy

Henk_emeyer reported_ that several Cyt(_)skeletal re_gulators WeF'fg. 10.Cdc25B overexpression, but not PDE3A overexpression,
recruited by the tyrosine phosphorylation of ephrin B (Cowanyercomes the meiotic block induced by PTPN13 siRNA. Ten
and Henkemeyer, 2002); however, the expression and functiganograms of siRNA-1, scrambled siRNA-1 or vehicle were injected

of ephrin B in oocytes is unknown. into Xenopusocytes. After 12 hours, oocytes were stimulated with
(A) 500 nM progesterone, or injected with (B) 1 ng of Cdc25B

PTPN13 is required for progesterone-induced mRNA or (C) 20 ng of PDE3A mRNA to induce oocyte maturation,

Xenopus oocyte meiotic maturation and resumption of meiosis was scored. Results shown are

RNA interference (RNAi) demonstrated that downregulation oféPresentative of the two experiments performed.

the PTPN13 mRNA produces a meiotic blockade. Our efforts

to generate antibodies specific for enopusPTPN13 have

been unsuccessful and the available antibodies against thibe whole of these data suggest that downregulation of
human or mouse PTPN13 do not cross-react wittkémopus PTPN13 interferes with the signaling pathway activated by
protein. Therefore, we have been unable to verify that thprogesterone and therefore blocks meiotic resumption.
PTPN13 protein is also downregulated by siRNA treatment. Based on the above findings, we propose that PTPN13 plays
However, several findings suggest that the siRNA treatment &role in the control of the meiotic cell cycle. The observation
indeed specific. The ability to produce meiotic blockadesghat the mammalian PTPN13 localizes in the centrosomal area
varied among the different siRNA produced and there was @ on the spindle of dividing HelLa cells is consistent with this
proportionality between decreased mRNA and inhibitionhypothesis (Herrmann et al., 2003). In the report involving
of maturation. Furthermore, all scrambled siRNAs werePTPN13 in mitosis, it was proposed that PTPN13 also may
ineffective in inducing maturation. That the effect of the siRNAfunction during anaphase or more likely during cytokinesis. An
is selective is confirmed by the observation that expression aehportant difference between our data and the previous report
several proteins involved in meiotic control, including Cdc2is that in our case the phosphatase activity is necessary for the
and Erk, is not affected by the siRNA. Finally, the siRNAeffect on meiosis, whereas the phosphatase inactive mutant was
blockade could be overcome by the expression of Cdc25fill effective in disrupting cytokinesis in Hela cells. Without
indicating that the arrest is not due to nonspecific toxic effectexcluding a possible effect later in the cell cycle, our data
and that direct activation MPF causes resumption of meiosisuggest that PTPN13 may have an additional function earlier
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during the prophase/metaphase or G2/M transition. The A novel p34(cdc2)-binding and activating protein that is necessary and
experiment manipulating cAMP levels by PDE overexpression sufficient to trigger G(2)/M progression Xenopusocytes Genes Dewl3,

and Cdc25 rescue suggest that PTPN13 acts at a step di k i o

to cAMP and PKA, but upstream of Cdc25. Taken together egeglll_’BJi'OE'S’SJ;&%?%%)@;_%%Q'ngace"mar switch: more lessons from a good
with our finding that PTPN13 is inactivated by PKA Ferrell, J. E., Jr (1999b).Xenopusoocyte maturation: new lessons from a
phosphorylation in vitro, we propose that the inactivation good eggBioEssay<1, 833-842. _ _

of PKA that follows the progesterone-induced decrease iff2!%; C. J.. Hand, A. R., Jones, T. L. and Jaffe, L. A1995). Stimulation

AN L of Xenopu®ocyte maturation by inhibition of the G-protein alpha S subunit,
CAMP causes PTPN13 activation; this in turn causes a component of the plasma membrane and yolk platelet memhbia@ed].

dephosphorylation of substrates critical for MPF activation. Biol. 130, 275-284.

This may not be the primary event, however, because PTPNS3utier, J., Solomon, M. J., Booher, R. N., Bazan, J. F. and Kirschner, M.
does not function by itself. W. (1991). cdc25 is a specific tyrosine phosphatase that directly activates

: : p34cdc2Cell 67, 197-211.
_ Recently, it has been proposed that microtubules play a rojej "\ iasuyama, N., Dell, K., Shirakabe, K. and Nishida, E1995).
in nuclear envelope bre_akqown (Aitchison and Rout, 2002) and njtiation of Xenopusoocyte maturation by activation of the mitogen-
that the FERM domain in PTPN13 has been shown to beactivated protein kinase cascadeBiol. Chem270, 25898-25904.
necessary for microtubule interaction (Herrmabil, 2003).  Hendriks, W., Schepens, J., Bachner, D., Rijss, J., Zeeuwen, P., Zechner,

Thus. it is possible that PTPN13 localizes to the microtubules U., Hameister, H. and Wieringa, B(1995). Molecular cloning of a mouse
d ! Is th h h lati f . bul | epithelial protein-tyrosine phosphatase with similarities to submembranous
and controls the phosphorylation of a microtubule regulatory proteins.J. Cell Biochem59, 418-430.

protein required for nuclear envelope breakdown. We cann®ferrmann, L., Dittmar, T. and Erdmann, K. S. (2003). The protein tyrosine
exclude, however, the possibility that the downregulation of phosphatase PTP-BL associates with the midbody and is involved in the
PTPN13 by siRNA also disrupts macromolecular complexes regulation of cytokinesisviol. Biol. Cell 14, 230-240.

. . orner, K., Livera, G., Hinckley, M., Trinh, K., Storm, D. and Conti, M.
crucial for the progression of the cell Cyde' (2003). Rodent oocytes express an active adenylyl cyclase required for

In conclusion, our findings strongly suggest that PTPN13 IS meiotic arrestDev. Biol.258 385-396.
a phosphatase that functions downstream of cAMP signalinguchon, D., Ozon, R., Fischer, E. H. and Demaille, J. G1981). The pure
and plays an essential role in controlling meiotic resumption inhibitor of cAMP-dependent protein kinase initiaxenopusaevis meiotic
in Xenopusoocytes Identification of the tyrosine substrate maturation. A 4-step scheme for meiotic maturatidal. Cell. Endocrinol.

. 22, 211-222.
dephosphorylated by PTPN13 will help to uncover noVel(araiskou, A., Dupre, A., Haccard, O. and Jessus, C(2001). From

regulatory circuits involved in meiotic, and perhaps mitotic, progesterone to active Cdc2 Kenopusoocytes: a puzzling signalling
control. pathway.Biol. Cell 93, 35-46.
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