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ABSTRACT. p34, a specificp-nitrophenyl phosphatas@NPPase) was identified and purified from the
murine cell line EL4 in a screen for the intracellular molecular targets of the antiinflammatory natural
product parthenolide. A BLAST search analysis revealed that it has a high degree of sequence similarity
to two yeast alkaline phosphatases. We have cloned, sequenced, and expressed p34 as a GST-tagged
fusion protein inEscherichia coliand an EE-epitope-tagged fusion protein in mammalian cells. Using
p-nitrophenyl phosphatelNPP) as a substrate, p34 is optimally active at pH 7.6 with,af 1.36 mM

andKcq 0f 0.052 mimt. Addition of 1 mM Mg to the reaction mixture increases its activity by 14-fold.
Other divalent metal ions such asTand Mr?+ also stimulated the activity of the enzyme, while?Zn

Fe*t, and Cd" had no effect. Furthermore, both NaCl and KCI enhanced the activity of the enzyme,
having maximal effect at 50 and 75 mM, respectively. The enzyme is inhibited by sodium orthovanadate
but not by sodium fluoride or okadaic acid. Mutational analysis data suggest that p34 belongs to the
group of phosphatases characterized by the sequence motif DXDX(T/V).

Functionally, phosphatases counteract the actions ofand several lipid phosphatases by a complex motif that
protein kinases by catalyzing the removal of phosphate consists of the sequence KX6RR£X4)PSGH(X61-54) SRX5-
groups, thus placing them in the path of very important HX3D; phosphoserine phosphatase, phosphomannomutase,
physiological processes. They are involved in the regulation and several phosphotransferases by the DXDX(T/V) motif
of such cellular processes as mitosis, cell proliferation and (2, 6, 10—12).
differentiation, cell signaling, and metabolist @). Phos- In general, protein phosphatases act in concert with kinases
phoprotein phosphatases are classified as multifunctional if (13, 14). The diversity of kinases and their involvement in
they catalyze the dephosphorylation of several substrates orcontrolling a variety of cellular responses to external stimuli
as specific phosphoprotein phosphatases if they act only onhave made them excellent targets for the development of
a specific substrate3). Other criteria that have been used new drugs15—18). As such, we have previously shown that
to classify phosphatases include pH optimum, size, type of the antiinflammatory sesquiterpene lactone parthenolide
substrate, substrate specificity, and the enzyme phosphoryldisrupts the cytokine-induced proinflammatory NB?:-
acceptor 2, 4—8). More recently, however, amino acid mediated signaling pathway by inhibiting IKK the most
sequence homology and sequence motifs that determinecritical component of the | kappa B kinase (IKK) complex
phosphatase activity have been used to group the phosfor this processX9). In an attempt to determine additional
phatasesq, 6, 9). The protein tyrosine phosphatase family, targets of parthenolide, a 34 kDa protein was identified as a
for instance, is characterized by the (I/V)HCXAGXGR(S/ major biotinylated protein in lysates from biotinylated
T) motif; the serine/threonine protein phosphatases by the parthenolide-treated EL4 cells. Pretreatment with excess
DXH(X ~25)GDXX(X ~25)GNH(D/E) motif; phosphoglycerate  parthenolide, before challenging EL4 cells with biotinylated
mutase, 6-phosphofructo-2-kinase/fructose-2,6-bisphosphatasearthenolide, resulted in the loss of the biotinylated p34.
and several acid phosphatases by the RHG motif; the family Biochemical and site-directed mutagenesis data suggest that
of glucose-6-phosphatases, nonspecific acid phosphataseq34 is a phosphatase of the family that utilizes aspartic acid
as their nucleophile 11, 20). In both in vitro and in vivo
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no effect on its enzymatic activity, suggesting that the binding 20 ng/mL TNFe. (Roche). Cells were lysed in lysis buffer
sites for parthenolide were different from the active site of (20 MM HEPES/KOH, pH 7.9, 350 mM NaCl, 20% glycerol,
the enzyme. Additionally, overexpression pf p34 did not have 1% NP-40) to which protease inhibitors (0.1 mM PMSF, 10
any effect on TNFa-induced NF«¥B DNA binding activity. ug/mL pepstatin, 1Qug/mL leupeptin, and %g/mL apro-
While the physiological role of p34 and the relevance of tinin) had been freshly added and incubated wittbz«g of
p34 as a target of parthenolide have yet to be determined,anti-EE-peptide antibody at*€ for 1 h. Protein G Sepharose

the present characterization usjpl§PP as a model substrate  Was then added and incubation continued for another 30
will aid in the elucidation of this protein’s intracellular role. 60 min. Immune complexes were washed three times with
lysis buffer. After the last wash, residual buffer was removed
MATERIALS AND METHODS from the beads, which were then prewarmed in 83Water
o . ) ) bath. One hundred microliters of the prewarmed reaction
Purification of p34.To identify the 34 kDa parthenolide  mixture (25 mM Tris-HCI, pH 7.8, 10 mMNPP, 1 mM
bind_ing protein (p34), a Iarge—sgale purification scheme Was \gCl,, and 75 mM KCI; pH of final mixture was 7.6) was
designed. Twenty liters of murine Iymphoma_ EL4 cells in  5dded, and the mixture was incubated for 15 min with
the form of a harvested cell pellet was obtained from the gccasional mixing. The reaction was stopped by addition of
National Cell Culture Center (Minneapolis, MN). Cell pellets 1 \ NaOH/0.1 M EDTA and mixing. The beads were spun

BRL) with 5% calf serum and incubated with AM was transferred to a 96-well plate, and absorbance was
biotinylated parthenolidel) for 2 h. Cells were harvested, determined at 405 nm.
washed in phosphate-buffered saline, and then Dounce gpzyme Actity Assay. The reaction mixture for the
homogenized in hypotonic lysis buffer [10 mM Hepes, pH  getermination of enzyme activity consists of 25 mM Tris-
7.9, 10 mM NaCl, and 3 mM Mg@), plus freshly added ¢, pH 7.8, 1 mM MgC}, and 75 mM KCl. For the kinetic
protease inhibitors (Bg/mL aprotinin, 1Qug/mL leupeptin,  neasurementgNPP was used at concentrations of 6:25
10 ug/mL pepstatin, and 0.1 mM PMSF)]. The cell lysate 15 mM, in a 100uL volume. Enzyme (%L of a 10 nM
was spun at 1000@at 4°C for 5 h. The supernatant (S100) solution) was added last and the absorbance determined at
was then batch adsorbed onto an anion-exchange (DES2)105 hm in 96-well plates using a SpectraMax 250 (Molecular
resin a_nd eluted with 100 mM NaCl. The eluant was diluted Devices, Sunnyvale, CA) plate reader. In end point measure-
5-fold in 25 mM MES buffer (pH 5.7). SP-Sepharose Fast ments; the reaction was stopped after 15 min incubation by
Flow (SPFF) cation-exchange resin was added and theghe addition of NaOH and EDTA to a final concentration of
suspension rocked for 30 min. The mixture was filtered (5 and 0.05 M, respectively. All reactions were incubated
(using 0.2um membrane) and incubated with 5@ of at 37°C. The effect of metal ions and phosphatase inhibitors
immobilized NeutrAvidin (Pierce) beads at’@ overnight. was determined using 10 mi@NPP at pH 7.6. A molar
The beads were then collected and extensively washedgyiinction coefficient of 18330 M- cm~! was used to
sequentially undel M NaCl, extreme pH (2.8 and 11), and  getermine the amount g-nitrophenol released(). Sub-
0.1% Triton X-100 conditions. Reducing SBEAGE load-  strates other thapNPP were analyzed according to the
ing buffer (with 2% SDS) was added, and the beads were yethod of Anner and Moosmaye2), with slight modifica-
boiled for 20 min to release biotinylated proteiljs. Pro.teins tions. MgCh, KCI, and Tris-HCI buffer (at the same
were then resolved by 12% SBE®AGE and stained with  concentrations as already stated) were added to the substrate
Coomassie blue or analyzed by Western blot. in a total volume of 6L, and the reaction was initiated by
Cloning and Expression of p3Rull-length cDNA of p34  addition of 5uL of enzyme (50 nM). After incubation at 37
was amplified from an EST clone (IMAGE no. 1511239) °C for 45 min, 6 uL of H,SOQ4 (24% v/w) was added,
purchased from American Tissue Culture Center (ATCC) followed by 10uL of 0.1 M ammonium molybdate and
by polymerase chain reaction (PCR) using the following finally 10 uL of a coloring reagent [1% poly(vinyl alcohol)
primers: SGCGAATTCACCATGGAATACATGCCAATG- in 18.5 mg/100 mL Malachite Green]. The absorbance at
GAAGAATACATGCCAATGGAAATGGCAGAGGCG- 623 nm was read after 20 min incubation at room temper-
GAAGCCGG3 and 3CGTTGCGGCCGCTTAACCTTGAA-  ature. Blank readings were determined by substitutipdy 5
GGGCAGGCAAGAG3. The PCR product was digested of buffer for the enzyme.

with Notl and EcaRl and cloned into pcDNA3neo and Site-Directed MutagenesiSite-directed mutagenesis was

PGEX-4T-1 to generate an EE-peptide-tagged epitope andperformed with the QuickChange site-directed mutagenesis

a GST-tagged p34, respectively. system (QCM) from Strategene (La Jolla, CA). In brief, a
Cell Culture/Transfection/ImmunoprecipitatiodeLa M pair of synthetic oligonucleotide primers containing the

cells were maintained in Dulbecco’s modified essential desired mutations was used to amplify the supercoiled
medium (DMEM) from Gibco BRL (Gaithersburg, MD) double-stranded DNA (dsDNA) plasmid with the insert of
supplemented with 10% fetal bovine serum and antibiotics/ interest, in a single PCR reaction. The primers, each
antimycotics (100 units/mL penicillin, 10@g/mL strepto- complementary to opposite strands of the vector, were
mycin, 1.25¢g/mL amphotericin B). Cells were transfected extended usingfu DNA polymerase. The PCR product was
with the appropriate plasmid for 24 h using FUGENE 6 then digested withDpnl to remove parental DNA and
transfection reagent (Roche, Indianapolis, IN) before treat- transformed intoEscherichia coli The primers used were
ment with drug or vehicle (DMSO) for 1 h. Parthenolide as follows: forward, ACGCTGCTGTTCAACTGCAATG-
was purchased from Sigma (St. Louis, MO) while bietin  GCGTGCTGTGG3 and reverse,  EBCACAGCACGCCAT-
parthenolide was synthesized as earlier descrith8d For TGCAGTTGAACAGCAGCGTS3, where the underlined
the in vivo inhibition experiment, cells were also treated with residues indicate mutant residues. The mutations also resulted
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S100 DES2 SPFF highest homology to human. Most of these protein homo-
NaCl FT 0.IM IM_ _FT_ logues have not been characterized. p34 shares significant
Parthenolide — _ . _ . _ . _ . . sequence similarity withSaccharomyces cerisiae and
40 uM Schizosaccharomyces ponmddkaline phosphatases PHO13
kba 17 ¥ and PHO2, respectivel28, 29). They have been previously
62 = designategb-nitrophenyl phosphatases. On the basis of these
415 similarities and recent results showing that PHO13 has

32.5
25

phosphatase activity against phosphorylated histone II-A and
S phosphorylated caseir3@), p34 was presumed to be a
Ficure 1: Affinity purification of p34. EL4 cells pretreated with ~ putative protein phosphatase.

or without 40uM parthenolide were labeled withiM biotinylated Substrate SpecificityThe possibility that p34 is a phos-

parthenolide. The cell lysate was sequentially purifigdab5 h phatase was tested usiphlPP as substrate. Incubation of
10000@ centrifugation (S100) and DE52 and SP-Sepharose FaStpurified GST-p34 with pNPP under alkaline conditions at

Flow (SPFF) ion-exchange chromatography. An aliquot of sample o . o
from each step (FT is the flow through) was resolved by 12%-SDS 37 °C produced the characteristic yellow color, indicating

PAGE and blotted with streptavidirHRP. hydrolysis of pNPP top-nitrophenol and P To determine
) ) ) o ) ) the optimal conditions for this reaction, kinetic parameters
in the introduction of a novesiDI restriction site for rapid  \ere measured at various pH and substrate concentrations.
scregning of mutant clone_s. All mutants were further Tris-HC| was used as buffer over the pH range-7819. To
confirmed by DNA sequencing. determine the initial rate reactions, the amount f
RESULTS nitrophenol pr_oduced over a short period of time was
measured at differerpNPP concentrations. The maximum
Identification/Purification of a Putatie Protein Phos-  velocity was plotted using both the direct and the Lin-
phatase.ln an effort to identify the intracellular molecular eweaver-Burk methods (Figure 3A,B). The initial rate
targets of parthenolide, a technique similar to that used in measurement was very slow in the absence of'Mgence,
identifying fumagillin and eponemycin binding protei8{ 1 mM MgCl,, which approximates physiological Mg
26) was employed. A murine lymphoma cell line (EL4) in concentration 1), was added to the reaction mixture. By
log growth phase was treated with-2 M biotinylated plotting the log of maximum velocities against the actual
parthenolide fo2 h with or without pretreatment with a 10-  pH of the reaction mixtures, the optimum pH was determined
fold excess of parthenolide for 30 min. After being washed to be 7.6 over the pH range tested (Figure 3C). Above pH
with PBS, the cells were lysed, and crude cellular lysates 7.6, the activity of the enzyme declined gradually in contrast
were resolved by SDSPAGE followed by Western blotting  to activity at pH values below 7.6. TH&, and K¢y values
analysis. Biotin-labeled proteins were visualized using at the optimum pH were 1.36 mM and 0.052 rmiin
streptavidin-horseradish peroxidase (SAMRP) and en- respectively. As summarized in Table 1, p34 showed fairly
hanced chemiluminescence (ECL). Several bands appearegtrong enzymatic activity toward-glycerophosphate.
to be bound by biotinylated parthenolide (data not shown). Requirement for Metal lon®oth monovalent and divalent
However, two bands of molecular size 34 and 70 kDa were cations have been shown to influence the activity of
consistently competed away by pretreatment with excessphosphatase®$32, 33). We first tested Mg" for its effect
parthenolide (data not shown). Our initial focus was on the on pNPPase activity of p34. As shown in Figure 4A, ¥g
34 kDa band. had a strong activating effect, which extended up to 20 mM.
As a first step toward characterizing this parthenolide We next tested the effect of €a Mg?*, Mn?t, C**, Cl*t,
binding protein, DE52 and SP-Sepharose Fast Flow wereZn?t, Fet, Na", and K" at four different concentrations on
investigated for their potential in the purification of p34. the activity of p34. C&, Cl/#*, and Z#" had no effect on
Biotinylated proteins in samples from each step of this partial the enzyme’s activity while Cd, Mg?*, and Mr#* stimulated
purification were visualized using SAHRP and ECL the activity of p34 by 4 to 44-fold depending on the ion and
(Figure 1). After a final purification step using avidin concentration used (Figure 4B). In contrast to their inhibitory
agarose, the purified 34 kDa band was excised from a-SDS effects on yeastpNPPase activity 33), Na" and K"
polyacrylamide gel and analyzed by tryptic digestion fol- stimulated p34oNPP hydrolysis activity (Figure 4C). The
lowed by MALDI mass spectrometry. maximum effects were observed as 50 mM for'Nend 75
Comparison of the mass spectrometry data with GenBankmM for K*. Above these concentrations, the presence of
failed to match p34 with any known protein. Therefore, an either ion in the reaction mixture inhibited enzyme activity.
alternative approach using peptide microsequence analysis Effect of Known Phosphatase Inhibitors on pBhe effect
was performed. Edman degradation of two RP-HPLC- of various known phosphatase inhibitors was determined at
purified tryptic peptides and comparison of the translated 37 °C using 10 mMpNPP, 1 mM Md", and 75 mM KCI at
nucleotide database revealed that both sequences matched@H 7.6 in the presence of increasing concentrations of
murine-expressed sequence tag (EST) that has not beernhibitors. Figure 5A,B shows that neither sodium fluoride
previously characterized. The full-length cDNA sequence nor okadaic acid had any effect on p34 at concentrations
was obtained by PCR amplification of the corresponding EST that have been demonstrated to inhibit phosphatase activity
clone. PSI-BLAST analysis2{) of the cloned full-length (34). Sodium vanadate, on the other hand, inhibited enzyme
sequence revealed that p34 belongs to a large family ofactivity by more than 50% at 100M.
hydrolases that includes2-haloacid dehalogenase, epoxide  Parthenolide Binds to p34 but Does Not Inhibit Its Adtyi.
hydrolases, and phosphatases. The analysis also indicates th&ince p34 was first identified and purified on the basis of
p34 is well conserved among eukaryotic species with the its binding to biotinylated parthenolide, it was desirable to
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mouse 34 e FAFAGGDEARC- - - BT I FiBCRey fRCETAVPGAPET
HS XP 091293.1 ME------—m-—mmmmmmmmm oo 5 LI ADVIRTI I FiBCReR] RRGETAVEGAPEA
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At AB016886.1  MAPQL--——-—mmmm oo oo oo oo LSSONFKSLFDSVRTFL FRdRey IRKGETL.ICGVSCT
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Sp NC 003423.1  MAKKLSSP---------- KEY-KEF-------===========—=—mmm TDKFRVF FRAREN T B SGSKPTPGVIDT
Sc_P19881 MIAQOGVPIKI - - --- TNKEIAQEF- —— - -~ === === == — oo IDKY[TFT FBABeN! [T GSQATPYTL ET

81 160
mouse p34 LRAI RARGRRT GFTTIN SRR TAVAERT RRI [ FGGPVGEEAGL EVFGIAYCSRT YT RORT AGVEDP- KAYVL ESPAT AR

Hs XP 091293.1 LRAIRARCRRICFTTRNSRTEAAYARRT RRT [ FOGPACPGAST EVFGTAYCTR LY RORT AGAPAP- KAYVL ESPAL AA
Dm AE003522.2  MNOLKMESTYFCTRNTRTESELIKEGVELRF----- HIKENCT TSTAHATREAYT KRR~ - -NFSK-RVFVI SEGTTK
At AB016886.1  IDLIRSKCRNWEVIIRSVESEROVAERFRSL € - - - -VISTTODETFSSSFARRMYT KVN-NFPKDK - KVYVI BGEGVIE
Ce NM 072110.1  IDYIVKENEQIIVLTENATRISAVYAKIET AKT J& YNS- - SKMNKNNL VNPAAVVEIDTT HR - -AGL DGK-RVYLI €EQEIRD
Sp NC 003423.1  MKLIRSLGROTTFVSERSTRISETYMNE NEHE TA- -~ AKI FETYPSAYSSETYVKKVLKLPADK - KVEVL RFAGTED
Sc P19881 LU KL GROL TRV STR R AVTKRFASFle ID- - - -~ VKEEQTFTSGYAPEVYTRDFLKL QFGKDKVIWVE GESGIGE

161 240
mouse p34d B EAVEVTSVGVGEDVL HGDGPSIWL - -AV - PLEFDVRA W FDPHFSYMKL TKAVRYT. Q0 PDCLL VG MBNRLFLE
Hs XP 091293.1 EIFAVEVASVOVGPEPLQGRGPGIWL- - HA- PLEPDVRAR W FDPHF SYMKT TKAT RYT.QQ- PGCLL VG MENRLPLE
Dm AE003522.2  EIDAVE IQHTEVGPERVKS-SLAEFMACHL - KL DIDICA W FDEHFSFPKMMEAASYL ND- PECLEVARY TIRERFRVP
At AB016886.1  [BLQTAFTGIG-GPE--DEEKKAJWKSNSLFEHDKSVGAR WL DENINY YKL QYGTT CVRENEGCLE AR RBAVGHVT
Ce MM 072110.1  [EMELIEYFGHCPEKKODEADGSGARMYDIKL EENVCAF W YEKHFDYVKMMKASNYL REE -GV EVA N EBETCEGP
Sp NC 003423.1  [BIDRVEVAHTGGTDPSLRRAL ASEDVEKT - -GPDPSVCAR I CEMOMEVTYL KYCMAFQYT (D~ PNCAFLL I B STFPTN

Sc_P19881 [BLK M€ YEST GGADSRI DTPFOAAKSPFLVNGLDKDVSCH AR L DTKVNYHRT AVTT QYT QK - DSVHEVG IRy VBSTEROK
241 320
mouse p3d NGRF- TAGT{ECT VRAVEMAAOEADT T (@8 SRETFDCVSQEYGINPERTVMY €S I8 IT1 GSTCSLK-TI T TEVSS

Hs XP 091293.1 NGRF-IACTECIVRAVEMAAQRCADTTERE SRETFDCVSQEYGINPERTVMY €85 DB 11 CATCGL K-TT RTI TR VST
Dm AE003522.2  N-MI-VPGSESFVRATQTCAERDPVVIERENPATCEST VTEKKIDPSRTL MI [ER ANl 111 CFNCGFO-TLIVCS R THD
At AB016886.1  DLQOE-WRGAEOMVAAMOGSTEREPTVVERESTFMVDFLL OKFGTETSRMOMVEBTDRES 1T FGONAGCK-TLIVI TRVTS
Ce NM 072110.1  NPEVVIPDARPIVAATKCASGRDPLTVISME CTEAFNY TKRKHNINPSRTMVL [EB5 NI VKECRIHGMK - TLIVI SR D
Sp NC 003423.1  G--KFLPCSEATSYPLIFSTCROPKIT (€38 YDEMVEAT TANVNFDRKKACHVERETINjNS TOFAKNSNL CGSLEVITEVEK
Sc P19881 G- -YTFPCAE SMIEST AFSSNERPSYCIERENONML NST T SAFNI DRSKOOMVEBE INIBMKEGVEGGL GGTL VI SR TET

mouse p34 LEDVKENQESDOMFKKKMVISDFYVDSTADLLPAL QG- - -~ — - —— - ——
Hs XP 091293.1  LCDVKNNQESDCVSKKKMVIEDFYVDSIADLLPAL QG- -—---—----
Dm AF003522.2  LKDVERWKL.SODPEFKKLIEDVYLPKI GO PSTVNSLTDLK- -~~~
At AR016886.1  ESNIIDKG------- NKTEEDYYTSTVSDI TKI MESPVENT MKHOKT
Ce NM 072110.1  IEDITENQMNE-- -RDDMVIEDYVAPYI GAT VPESNQIYY-—------
Sp NC 003423.1  EFEILE------ KDAPVV - BDYYVESLAKL - - - === =-===-~, AETA
Sc_P19881 EERTIK------ ISHDYPREKFYIDKLGDIVA--—-—— - LTNNEL

Ficure 2: Sequence alignment of p34 with other phosphatases. The sequence of p34 is compapetitwighenyl phosphatases from

Homo sapiensgCaenorhabditis elegan®rosophila melanogasteA. thaliana S. pombgeandS. cereisiaeusing PSI-BLAST search analysis.

The sequences were aligned using the Meg Alignment program, and conserved amino acids are highlighted. Mutations of the two aspartate
residues indicated with asterisks to asparagine abolishep-tiiteophenyl phosphatase activity of p34.

verify the effect of parthenolide and its biotinylated derivative before the addition of substrate (10 mpWIPP). After a 30

on p34 activity. In an in vitro assay, purified GSp34 (1 min incubation at 37C, the reaction was stopped by the

ug) was treated with 2QuM parthenolide or biotir addition of NaOH at a final concentration of 0.5 M and the
parthenolide in 25 mM Tris-HCI buffer, pH 7.8, for 1 h absorbance read at 405 nm. As a control, Tris-HCI buffer or
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Ficure 3: (A) Plot of the initial velocities against substrate
concentration to obtain a direct maximum velocity plot. (B)
Maximum velocity determined by the indirect method of Lin-
eweavetr-Burk. (C) Effect of pH on the activity of p34.

Table B
relative relative
substrate  activity (%) substrate activity (%)
pNPP 100 pB-glycerophosphate 53
ATP 0 creatine phosphate 8.5
AMP 4.9 casein 7.4

a Substrates were assayed at 5 mM. The amount cflased was
determined using an extinction coefficient of 99600'm™* (see ref
23). Casein was tested at 0.005%.

the vehicle alone (DMSO) was added instead of the drug.
Neither parthenolide nor biotinparthenolide inhibited the
activity of the enzyme (Figure 6A). Binding of biotin
parthenolide to p34 was verified by Western blotting using
streptavidin-HRP in a duplicate reaction (data not shown).

The effect of parthenolide on p34 was also tested in an in
vivo experiment. HeLa M cells were transfected with EE-
epitope-tagged p34 and pretreated withy®0 parthenolide
for 1 h, followed by 20 ng/mL treatment with TNé-for
various time intervals. The EE-epitope is a six amino acid
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Ficure 4: Effect of divalent metal ions on the activity of p34. (A)
Effect of Mg?" ions on enzymatic activity. (B) Effect of increasing
concentrations of different metal ions on enzymatic activity. (C)
Effect of salt (KCI, NaCl) on enzymatic activity.

sequence (NHEYMPME-COOH) that was appended to the
N-terminus of p34 to facilitate the purification of p34 from
cell lysates. Recombinant p34 was immunoprecipitated from
whole cell lysate and assayed for enzymatic activity. Figure
6B shows that enzymatic activity was not inhibited by
parthenolide.

Examination of the amino acid sequence of p34 did not
reveal the presence of the consensus motif [(H/V)}IRX
(S/T)] present in several protein tyrosine phosphatases (
13, 34). However, a large family of phosphatases is
characterized by short sequence motifs that feature two
aspartic acid residues separated by a single amino acid. Both
residues are required for activit®,(11). Interestingly, a
closer examination of the sequence alignment in Figure 2A
revealed the presence of two aparatate residues (identified
with asterisks) that are conserved in all of the aligned
sequences. To determine the role, if any, played by these
aspartate residues, site-directed mutagenesis was used to
mutate them to asparagine. Both wild-type and mutant
proteins were then overexpressed in HeLa M cells, immu-
noprecipitated with anti-EE-peptide monoclonal antibody,
and assayed for enzyme activity. Figure 6C shows that the
D34/36N mutant had no activity compared to the wild type.

The inability of parthenolide or biotinparthenolide to
inhibit the enzymatic activity of p34 in the in vivo and in
vitro assays as shown in panels A and B of Figure 6
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Ficure 5: Effect of phosphatase inhibitors. The effect of various known phosphatase inhibitors on p34 was tested. The phosphatase activity
was determined as described for the enzyme assay in the presence of increasing concentrations of inhibitors. Results are expressed as

percentage inhibition using the absence of inhibitor as 100% activity. (A) Sodium vanadate and sodium fluoride. (B) Okadaic acid.
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Ficure 6: Parthenolide binds but does not inhibit p34. (A) In vitro inhibition assay. Purified-S8% treated with parthenolide or biotinylated
parthenolide was tested fpNPP activity. Untreated and DMSO-treated cells served as control. In vitro binding of biotinylated parthenolide
was verified by Western blotting using streptavidiiRP (data not shown). (B) HeLa M cells transfected with EE-epitope-tagged wt p34
were pretreated with parthenoliderfb h followed by 10 ng/mL TNFa for various time intervals. Cell lysates were immunoprecipitated
with anti-EE peptide antibody and tested fiMPP activity. Cells treated for the same time interval with T&But without parthenolide
pretreatment were used as control. (C) Same as in (B) but without parthenolide on Tid&tment. Mutation of aspartate residues at
positions 34 and 36 to asparagine abolisheddotiEP activity. The Western blot confirming the presence of EE-peptide-tagged p34 in the
immunoprecipitation is shown. (D) HeLa M cells transfected with wt p34 and the D34/36N mutant were immunoprecipitated with anti-EE
peptide antibody and visualized by streptavidiiRP and enhanced chemiluminesence.

suggested that the binding site was different from the active normal HEK 293 cells, indicating that p34 is not likely
site. This was further verified in Figure 6D whereby wt p34 involved in this pathway.
and the enzymatically inactive mutant D34/36N bind equally DISCUSSION

strongly to biotin-parthenolide.
- A rapidly growing area of research is the use of modified
Effect of p34 on TNfe-Induced NF«B DNA Binding small molecules and their analogues as probes in the

Activity. Althoggh the physiological substrgte.of p34 is yet elucidation of intracellular signaling pathway2s( 35—37).

to be determined, on the basis of the binding of p34 10 £q ingtance, the identification of the molecular targets of
parthenolide, we investigated a possible role for p34 in the o anti-angiogenic compound fumagilliBg), the protea-
proinflammatory signaling pathway. HEK 293 cells stably ¢ome inhibitors epoxomicin and eponemyc28s,(24, 26),
transfected with p34 were treated for various time intervals gng specific substrates for Src kinas&8)(was achieved
with TNF-o. and assayed for NEB DNA binding activity through the use of modified biologically active small
using the electrophoretic mobility shift assay (EMSA) as molecules. Using similar techniques we have identified and
readout. Figure 7 shows that the DNA binding activity in characterized p34, a putative protein phosphatase that binds
p34 stable transfectants is indistinguishable from that of to biotin—parthenolide, during a search for the intracellular
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FiGure 7: p34 overexpression has no effect on ToHmduced
NF-«B DNA binding activity. Cell lysates from normal HEK 293
and HEK 293 stably transfected with p34 induced with TWFLO
ng/mL) were analyzed using electrophoretic mobility shift assays
(EMSA) for DNA binding activity. ns= nonspecific band.

molecular targets of parthenolide, an antiinflammatory agent.

Initial comparison of the MALDI mass spectrometric data

Biochemistry, Vol. 41, No. 24, 2007847

glucomutase were changed to asparagine result in inactivation
of the enzyme11). Introduction of analogous mutations in
p34 by site-directed mutagensis, (D34/36N), abolished its
enzyme activity.

Given that p34 was identified on the basis of its affinity
for parthenolide, it was necessary to determine the effect of
parthenolide on p34. Parthenolide did not have any observ-
able effect on the hydrolysis gfNPP by p34 in either the
in vitro or in vivo model inhibition assays. The binding of
parthenolide to p34 was however unaffected in either case,
suggesting that the active site and the parthenolide binding
site(s) are different. Therefore, it is possible that p34 is a
parthenolide binding protein with no physiological relevance
to the actions of parthenolide as an antiinflammatory agent.
Determination of the natural substrate(s) for p34 may help
to validate this idea.

IKK 5 plays a major role in the NkB-mediated proin-
flammatory process by phosphorylatingl (a cytoplasmic
inhibitor of NF+«B), which then is ubiquitinated and sub-
sequently degraded via the proteasot®.(The phospho-
rylation, ubiquitination, and degradation af8 is a prereq-

from p34 with the gene database revealed no matches to anwisite for NF«xB entry into the nucleus and activation of
known proteins. Further analysis by Edman degradation of transcription. Recently, we showed that parthenolide inter-
two RP-HPLC-purified peptides identified a previously feres with this signaling pathway by inhibiting the phospho-
uncharacterized murine-expressed sequence tag (EST). Theylation of kB by IxB kinase, IKK3 (19). IKK 3 is part of
possibility that p34 was a protein phosphatase was suggestee large multicomplex protein whose components have not
by the close sequence similarity between the translated ESTheen fully determinedi6—18). It might be mere coincidence
and the yeast alkaline phosphatases PHO13 and PHO2 fromhat parthenolide binds to IKK (a kinase) and p34 (a
S. cereisiaeandS. pombegrespectively. To provide evidence phosphatase), since the current EMSA results do not suggest
for this possibility, the kinetic parameters of p34 uspiPP the involvement of p34 in NkB signaling. Other than its
as substrate were determined. We demonstrate that p34irect inhibitory effect on inflammation through IKK
catalyzes the hydrolysis @NPP at an optimum pH of 7.6  parthenolide could possibly have other yet unidentified
and Kn, and Kz values of 1.36 mM and 0.052 mih physiological effects that may be mediated through p34.
respectively. However, while the easy readout and ap- Conceivably, p34 might also have functions other than its
plicability to a wide range of pH conditions have been phosphatase activity that are influenced by parthenolide.
generally exploited in usingNPP as a substrate, Sparks and |ssues such as these are easily addressable when the natural
Brautigan (4, 40) point out that the use @NPP hydrolysis  substrate for p34 is identified. Incidentally, the medicinal
alone to designate a novel protein as a phosphatase coultherb Feverfew Tanacetum partheniuyjrfrom which par-
be misleading. Thus, we have employed other criteria suchthenolide is derived has been used not only for its antiin-
as cofactor requirements, effects of known inhibitors, and flammatory properties but also in treating migrane headaches
the presence of sequence motifs to corroborateptiieP and rheumatoid arthritist(—43). One or more these effects
hydrolysis data. could be mediated through p34.

Our results show that p34 has little or no activity in the  while the physiological significance of the binding of
absence of My, similar to the recently identified phos- parthenolide to p34, a phosphatase, is currently unknown,
phatase MDP-1, which also employs the same characteristicthe characterization in this paper and the verifiable possibili-

DXDX(T/V) motif as its active nucleophile5). In addition, ties raised will hopefully provide a starting point for further
the effects of other divalent and monovalent cations were jnvestigation of this protein.

tested. Similar results whereby some divalent cations are
activating and others inhibitory have been observed with REFERENCES
other phosphatase$, (32, 33). Although p34 and PHO13
were similar in their amino acid sequence, they are differ-
entially affected by Naand K'. Unlike their inhibitory effect

on PHO13, both Naand K" activated p34.
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