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phosphatases (1). In the protein phosphatase superfam-
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Dual-specificity protein phosphatases (DSPs) de-
hosphorylate proteins at Ser/Thr and Tyr. FYVE do-
ain is a double zinc finger motif which specifically

inds phosphatidylinositol(3)-phosphate. Here, we re-
ort a novel dual specificity phosphatase that contains
FYVE domain at the C-terminus. We designate the

rotein FYVE-DSP1. Molecular cloning yielded three
soforms of the enzyme presumably derived from al-
ernate RNA splicing. Sequence alignment revealed
hat the catalytic phosphatase domain of FYVE-DSP1
losely resembled that of myotubularin, while its
YVE domain has all the conserved amino acid resi-
ues found in other proteins of the same family. Re-
ombinant FYVE-DSP1 is partitioned in both cytosolic
nd membrane fractions. It dephosphorylates pro-
eins phosphorylated on Ser, Thr, and Tyr residues
nd low molecular weight phosphatase substrate
ara-nitrophenylphosphate. It shows typical charac-
eristics of other DSPs and protein tyrosine phospha-
ases (PTPs). These include inhibition by sodium
anadate and pervanadate, pH dependency, and inac-
ivation by mutation of the key cysteinyl residue at the
hosphatase signature motif. Finally, PCR analyses
emonstrated that FYVE-DSP1 is widely distributed

n human tissues but different spliced forms expressed
ifferently. © 2000 Academic Press

Key Words: FYVE domain; protein phosphatase; clon-
ng; characterization.

Protein phosphorylation is one of the most fundamen-
al regulatory mechanisms in living cells. This process is
ontrolled by coordinate action of protein kinases and
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ly, protein tyrosine phosphatases (PTPs) and dual spec-
ficity phosphatases (DSPs) consist of a wide class of
roteins that have a crucial role in signal transduction
athways regulating cell proliferation, differentiation,
nd transformation (2–6). It has been estimated that
TPs and DSPs correspond about half of the total 1000
rotein phosphatases in human genome (1, 4). DSPs were
nitially known as the VH1-like phosphatase (7). PTPs
nd DSPs are characterized by the presence of a highly
onserved signature motif (I/V)HCxAGxxR(S/T)G, but
he sequences outside the catalytic domains are highly
iversified. Some of the enzymes contain other protein
omains, for example, transmembrane segments to-
ether with extracellular domains, endoplasmic reticu-
um localization motifs, nuclear signal sequences, SH2
omains, cytoskeleton-like domains, and cellular retinal-
ehyde binding protein-like domains. These sequences
anking the catalytic domain direct the enzymes to spe-
ific location and regulate their activity (8).

FYVE (Fab1, YGLO23, Vps27, and EEA1) domain is a
ouble zinc finger motif of ;70 amino acids and is con-
erved in several proteins involved in vesicular traffic
reviewed in 9). Like the PH domains found in protein
inases PDK1 and PKB, FYVE domain specifically binds
-phosphorylated phosphoinositides. FYVE domains co-
rdinate 2 Zn21 ions via 8 cysteine/histidine residues
paced in a specific manner (CX2CX9-39CX1-3(C/H)X2-
CX2CX4-48CX2C) (10, 11). This protein motif also con-
ains a basic amino acid patch adjacent to the 3rd cystei-
yl residue, which is critical for binding of acidic
hosphatidylinositol(3)-phosphate (12). EEA1, a core
omponent of the endosome-docking apparatus, is one of
he FYVE domain–containing proteins that have been
xtensively studied (13–16). The FYVE domain of EEA1
s essential for its correct targeting and endocytic func-
ion in cells since mutagenesis of the conserved (R/K)
R/K)HHCR motif disrupted the process (12).

In the present study, we report molecular cloning
nd characterization of a novel dual specificity protein
hosphatase that contain a FYVE domain at the N-ter-
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hosphate, FYVE-DSP1 may have a crucial role in cell
ignaling.

XPERIMENTAL PROCEDURES

Materials. Human 293 cells were obtained from the American
ype Culture Collection. Monoclonal anti-Xpress tag antibodies were
urchased from Invitrogen. Human brain Marathon-ready cDNA
ibrary was from Clontech. Pervanadate was made by mixing equal

oles of sodium vanadate and H2O2 and incubating at room temper-
ture for 20 min before use (18). [g-32P]-ATP and para-
itrophenylphosphate (pNPP) were purchased from Pharmacia/
mersham and Sigma Chemical Company, respectively.

Molecular cloning of FYVE-DSP1. A search of the GenBank da-
abase for proteins with the (I/V)HCxAGxxR(S/T)G signature motif
f protein tyrosine phosphates by using the Blast program resulted
n identification of a putative dual specificity protein phosphatase
ith a designation of KIAA0371. This sequence was deposited by the
azusa DNA Research Institute, Chiba, Japan (19), and its identity
as not been revealed. We thus designed PCR primers with se-
uences of 59-CCTCTTGTCATGGATGAAGAGACTCGG-39 and 59-
GCTCAGTGAGTCCTTGCTCC-39 to amplify a human brain
arrathon-ready cDNA library. The PCR was run for 30 cycles with
fu Turbo (Stratagene) at an annealing temperature of 63°C, and the
roducts were cloned into EcoRV-digested pBluescript KS vector
Stratagene). A number of clones were chosen for DNA sequence
nalyses by using the automatic DNA sequencing facility at the
anderbilt-Ingram Cancer Center.

Expression and immunoprecipitation of FYVE-DSP1. FYVE-
SP1 constructs were subcloned in-frame into the pCDNA3.1/His C
ector (Invitrogen) that has an Xpress tag and a 6xHis tag at the
-terminus. The Cys-to-Ser mutant form of FYVE-DSP1 was made
y mutating the cysteine in the phosphatase signature motif to
erine through PCR with appropriate primers. The mutation was
onfirmed by sequencing analysis. The DNA constructs were used to
ransfect 293 cells by using the FuGENE6 cell transfection system
Boehringer Mannheim). Briefly, 293 cells were grown to ;25%
onfluency in DMEM supplemented with 10% fetal calf serum and 50
g/ml each of streptomycin and penicillin. For each 150-mm plate of
ells, 60 mg of DNA and 45 ml of the FuGENE6 reagent were used.
he transfected cells were cultured for 48 hr before harvesting. The
ells were lysed in Buffer A (25 mM b-glycerophosphate, pH 7.3, 2
M b-mercaptoethanol, 1.0 mM benzamidine, 0.1 mM phenylmeth-

lsulfonyl fluoride, 20 mg/ml leupeptin, 1 mM pepstatin A, and 1
g/ml aprotinin) supplemented with 0.1 M NaCl and 1% Triton
-100. Extracts were cleared by centrifugation. For immunoprecipi-

ation, cell extracts were incubated overnight with the anti-Xpress
ntibody pre-bound to protein A-Sepharose. The beads were washed
hree times with the above extraction buffer and used for phospha-
ase assays with 32P-labled substrates as described below.

Cell fractionation and purification of FYVE-DSP1. Human 293
ells were transfected with pCDNA3/HisC-FYVE-DSP1a as de-
cribed above. The cells were broken up with a Dounce glass homog-
nizer in Buffer A. Following homogenization, 0.1 M NaCl was
dded, and the homogenates were centrifuged at 800g for 20 min to
pin down nuclei. The nuclear pellets were washed once with the
xtraction buffer and then dissolved in SDS gel sample buffer. The
ostnuclear supernatants were further centrifuged at 100,000g for
0 min. The clear supernatant was referred to as the cytosolic ex-
racts. The pelleted membrane was washed once with Buffer A plus
.1 M NaCl followed by centrifugation as above and then dissolved in
uffer A supplemented with 1% Triton X-100 and was referred to as

he membrane extracts. For purification of FYVE-DSP1, the cytosolic
xtracts were loaded onto an NDA-Ni-agarose column (Qiagen)
quilibrated with Buffer B (50 mM NaH2PO4/Na2HPO4, pH 7.0, 2
223
upplemented with 0.3 M NaCl and 25 mM Imidazole-HCl, pH 7.0
nd then eluted with a buffer containing 0.2 M Imidazole-HCl (pH
.0) and 2 mM 2-mercaptoethanol. Control cells and cells transfected
ith the Cys-to-Ser mutant form of FYVE-DSP1 were treated with

he same procedure.

Phosphatase assays. To determine the substrate specificity, we
mployed immuno-purified FYVE-DSP1a. Three 32P-labeled protein
ubstrates were prepared as previously described (20). Briefly, gly-
ogen phosphorylase was phosphorylated on serine by phosphorylase
inase. Bovine lipocortin I was phosphorylated on theronine by pro-
ein kinase C. The intracellular domain of the EGF receptor
sEGF-R) was autophosphorylated on tyrosine. The dephosphoryla-
ion reactions with FYVE-DSP1a were performed in a buffer con-
aining 25 mM Tris-HCl (pH 7.0) and 2 mM dithiothreitol for 30 min
t 37°C. The extents of the reactions were analyzed by SDS–PAGE
ollowed by autoradiography. Control experiments were performed
ith immunoprecipitates obtained from cells transfected with the
lain vector. To analyze the phosphatase activity with a commonly
sed low-molecular-weight phosphatase substrate p-NPP, NDA-Ni-
garose-purified enzyme was used. The reactions were carried out at
ifferent pH in the presence or absence of effectors (20).

Determination of the tissue distribution of FYVE-DSP1. To deter-
ine the expression level of FYVE-DSP1 in various tissues, we used

he Rapid-Scan Gene Expression Panels from OriGene Technologies,
nc. This was performed by PCR with Pfu Turbo polymerase (Strat-
gene). The PCR primers were 59-CTTCCAATCCCAGTAGAT-
CAAAAGT-39 and 59-GGCTCAGTGAGTCCTTGCTCC-39 which

overs 1102 bp of the 39 region of FYVE-DSP1a. The PCR was run for
5 cycles, and the conditions were 94°C for 30 s, 61°C for 30 s, and
2°C for 1.5 min. The products were analyzed on 1% agarose gel and
etected by ethidium bromide.

ESULTS

DNA and protein sequence analysis. We have
earched the GenBank database for proteins with the
I/V)HCxAGxxR(S/T)G signature motif of protein ty-
osine phosphates by using the Blast program and
dentified a putative dual specificity protein phospha-
ase with a designation of KIAA0371 (GenBank Acces-
ion No. AB002369). We thus designed specific PCR
rimers to amply human brain cDNA library to obtain
he coding region of the cDNA. The PCR products were
loned into the pBluescript KS vector, and we isolated
wo types of clones with cDNA inserts of 3511 and 3484
p. We designate them FYVE-DSP1a and FYVE-
SP1b, respectively. FYVE-DSP1a differs from FYVE-
SP1b by a 27 bp insert at 39 region. Both are essen-

ially identical to the sequences of KIAA0371 in the
enBank database except that the latter has a 111 bp

nsert at the 39-end compared with FYVE-DSP1b.
hese cDNAs likely represent alternately spiced prod-
cts of a single gene. We tentatively designate
IAA0371 as FYVE-DSP1c. The nucleotide sequences
f FYVE-DSP1a, FYVE-DSP1b, and FYVE-DSP1c
ave been deposited in the GenBank database
nder accession numbers AF233436, AF233437, and
F233438, respectively. The amino acid sequences de-
uced from the three DNA sequences are presented in
ig. 1. The open reading frame of FYVE-DSP1a
ncodes a protein of 1170 amino acid residues,
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hile FYVE-DSP1b has 1161 amino acid residues.
IAA0371 (FYVE-DSP1c) encodes a protein of 1198
mino acid residues. Except for certain gaps and in-
erts at the C-terminus, the three protein sequences
re identical. At the 14 and 23 positions from the
redicted ATG initiation codon of FYVE-DSP1 cDNA
re G nucleotides that conforms well to requirements
or efficient translation as defined by Kozak (21). In
ddition, the ATG codon is preceded by an in-frame

FIG. 1. Amino acid sequences of the three forms of FYVE-DSP1
dentical amino acid residues, and “2” represents gaps. The PT
nderlined.
224
ermination codon at nucleotide 218, further support-
ng validity of the ATG being the translation initiator
f FYVE-DSP1 gene products. Protein sequence anal-
sis revealed that the FYVE-DSP1 gene products
ontained no hydrophobic transmembrane or signal
equences. Therefore, they likely represent non-
ransmembrane intracellular proteins. Sequence anal-
sis also revealed that FYVE-DSP1 contained the sig-
ature motifs for PTPs and DSPs. Comparison of

he entire sequence of FYVE-DSP1a was shown the top. “:” denotes
and DSP signature motif is boldface and the FYVE domain is
. T
P
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YVE-DSP1 protein sequences with those in the pro-
ein databanks by using the BLAST program revealed
hat FYVE-DSP1 showed ;37% sequence identity (out
f 525 amino acid residues) to MTM1gene product myo-
ubularin (22), but it had no significant overall se-
uence homology to other PTPs and DSPs (Fig. 2A).
ore interestingly, the C-terminus of the FYVE-DSP1

ontained a motif resembles the recently defined as
YVE domain. Figure 2B shows the sequence align-
ent of the FYVE domain of FYVE-DSP1 with those of
235 (23), SARA (24), EEA1 (13), Vps27 (25), Hrs (26),
ac1 (27), FAB1 (28), and YOTB (29) in the region. The
YVE domains of FYVE-DSP1 shares the highest se-
uence identity (40%) with that of P235 (23), a recently
loned phosphoinositide kinase, and it has all the con-
erved amino residues required for the FYVE domain.

FIG. 2. (A) Sequence alignment of FYVE-DSP1 with myotubular
imilar residues. (B) Sequence alignment of FYVE domains. Conser
225
ote that FYVE-DSP1a has a 9 amino acid insert in
he region.

Substrate specificity of FYVE-DSP1. Our sequence
nalysis revealed that FYVE-DSP1 is a putative DSP
haring significant sequence homology with myotubu-
arin. Myotubularin has been shown to hydrolyze both
hosphotyrosine and phosphoserine residues in vitro
30, 31). To confirm the activity of FYVE-DSP1, we
xpressed FYVE-DSP1a as a recombinant protein in
uman 293 cells. The recombinant protein was immu-
opurified through the Xpress tag located at the
-terminus. We used three protein substrates to ana-

yze its phosphatase activity. As shown in Fig. 3,
YVE-DSP1a was able to efficiently dephosphorylate
erine-phosphorylated glycogen phosphorylase, threo-

Identical amino acid residues are shown in the middle. “1” denotes
amino acid residues are boldface.
in.
ved
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ine-phosphorylated lipocortin I, and tyrosine-phos-
horylated sEGF-R. We also obtained similar results
ith the enzyme purified from NDA-Ni-agarose col-
mn (data not shown). These data indicate that FYVE-
SP1a behaves as a typical DSP, displaying activity

oward Ser/Thr- and Tyr-phosphorylated proteins.

Subcellular fractionation and purification of FYVE-
SP1. Fractionation of lysates of 293 cells trans-

ected with FYVE-DSP1a followed by Western blot
nalysis revealed that the enzyme was distributed in
he cytosolic and membrane fractions with a ratio of
pproximately 6:4 (Fig. 4A). The enzyme was absent in
he nucleus. The membrane localization might be at-
ributable to the FYVE domain. Since the recombinant
rotein had a 63 His tag attached to the N-terminus,
he enzyme in the cytosolic fraction was purified by
sing a single NDA-Ni-agarose column. The purity is
ver 90% with a yield of 50 mg from 4 plates (150 mm)
f transfected cells (Fig. 4B). The enzyme in the mem-
rane fraction was also separated by the same proce-
ure, but the purity and yield were significantly lower
data not shown). Cytosolic extracts from cells trans-
ected with FYVE-DSP1b and Cys-to-Ser mutant forms
f FYVE-DSP1a and 1b went through the same chro-
atographic procedure and gave rise to a similar de-

ree of purification (not shown). The purified cytosolic
nzymes were used for the preliminary characteriza-
ion as described below. Samples obtained through
ame procedure from plain vector-transfected cells
ere used as control. No detectable phosphatase activ-

ty was obtained with the control samples.

Biochemical characterization of FYVE-DSP1. We
sed the NDA-Ni-agarose-purified enzyme for bio-
hemical characterization of FYVE-DSP1. We em-
loyed the most commonly used protein phosphatase
ubstrate, pNPP. Figure 5A shows the pH-dependence
f FYVE-DSP1a. Most of PTPs and DSPs which have

FIG. 3. Substrate specificity of FYVE-DSP1. Immunopurified
YVE-DSP1a on beads were incubated with 32P-labeled glycogen
hosphorylase (A), lipocortin I (B), and sEGF-R (C). Dephosphoryla-
ion of the proteins was determined by autoradiography after sepa-
ation on SDS gel.
226
ith pNPP as a substrate (20, 32–36). This also applies
o FYVE-DSP1a that had sharp pH optima of 4.5.
nother common feature of DSPs and PTPs are their
ensitivity to sodium vanadate and pervanadate. As
xpected, FYVE-DSP1a activity was nearly abolished
y 1 mM Na3VO4 or 0.1 mM pervanadate (Fig. 5B). In
ontrast, microcystin, which is able to sufficiently in-
ibit pp1 and pp2a at nanomolar concentrations, failed
o show any inhibitory effects at a concentration of as
igh as 20 mM. All these data suggest that FYVE-
SP1a has the typical biochemical properties of com-
on DSPs and PTPs. The cysteinyl residue at the

ignature motif of PTPs and DSPs is involved in the
ormation of a thiophosphate intermediate in the cat-
lytic reactions (2, 3). Mutation of the residue causes
otal loss of enzymatic activity. This is proven to be
rue for FYVE-DSP1 also. Mutation of the cysteinyl
esidue to a seryl residue resulted in total inactivation
f FYVE-DSP1a and FYVE-DSP1b (Fig. 5C).

Distribution of FYVE-DSP1 in human tissues. To
tudy the tissue expression of FYVE-DSP1, we used
CR to amplify single-strand cDNAs from 24 human
issues. These included brain, heart, kidney, spleen,
iver, colon, lung, small intestine, muscle, stomach,
estis, placenta, salivary gland, thyroid gland, adrenal
land pancreas, ovary, uterus, prostate, skin, periph-
ral blood, bone marrow, fetal brain, and fetal liver
Fig. 6). FYVE-DSP1 was express in most of the tissues
hecked except for salivary gland and pancreas. In
ost cases, the PCR products had the same size as that

FIG. 4. Subcellular fractionation and purification of recombi-
ant FYVE-DSP1a. Human 293 cells were transfected with the
CDNA3.1/HisC-FYVE-DSP1a plasmid. (A) Cytosolic, membrane,
nd nuclear extracts were obtained as described under Experimental
rocedures. Equal proportions of the extracts were separated on SDS
el, and expression of FYVE-DSP1a were detected by Western blot-
ing with anti-Xpress antibody. (B) SDS gel separation of NDA-Ni-
garose-purified samples from cytosolic extracts of 293 cells trans-
ected with control vector or with the FYVE-DSP1a construct. Gels
ere stained with Coomassie brilliant blue R-250.
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btained with the FYVE-DSP1a cDNA plasmid. Se-
uence analyses of the PCR products confirmed that
he products indeed corresponded to FYVE-DSP1a.
YVE-DSP1b was also present in the products, but as
minor form which is hardly detected by sequencing.

FIG. 5. Factors affecting activity of FYVE-DSP1. NDA-Ni-agaro
H (A) or at pH 5.0 in the presence of 1 mM Na3VO4, 0.1 mM perv
YVE-DSP1a, FYVE-DSP1b, and their C-to-S mutant forms determ
urified from NDA-Ni-agarose with similar degrees of purity.

FIG. 6. Distribution of FYVE-DSP1 in 24 human tissues. First-
ere amplified by PCR with a pair of specific primers derived from F
roducts were detected with ethidium bromide. Reversed photo ima
227
nterestingly, unlike rest of the tissues, testis and pros-
ate gave rise to PCR products with a slightly larger
olecular size. DNA sequencing revealed that all the

roducts in testis and most of products in prostate
orresponded to the FYVE-DSP1c isoform with a minor

urified FYVE-DSP1a was analyzed with 10 mM pNPP at different
date, or 20 mM microcystin (B). (C) Comparison of the activities of
d at pH 5.0 with 10 mM pNPP as a substrate. All the proteins were

nd cDNAs at a concentration of 100X (OriGene Technologies, Inc.)
E-DSP1. PCR products were resolved on 1% agarose gel, and DNA
were shown.
se-p
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ine
stra
YV

ges
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YVE-DSP1 in these tissues is hard to be ascertained
ince PCR is not necessarily quantitative, the data at
east indicate that FYVE-DSPs is widely expressed and
lternately spliced forms of the enzyme are differently
xpressed. This is indicative of the general importance
f the enzyme in cell function.

ISCUSSION

We have identified a novel dual specificity phospha-
ase which we designate FYVE-DSP1. FYVE-DSP1 has
highly conserved signature motif found in PTPs and
SPs. Our preliminary characterization of recombi-
ant FYVE-DSP1 expressed in human 293 cells re-
ealed that it has all the typical biochemical properties
f DSPs. FYVE-DSP1 shares significant overall se-
uence homology with myotubularin in the catalytic
omain but has essentially no sequence identity with
ther DSPs outside of the PTP/DSP signature motif.
herefore, FYVE-DSP1 and myotubularin form a dis-
inct subfamily of DSPs. Unlike the common PTPs
hich have a conserved stretch catalytic domain of
230 amino acid residue with several highly conserved

egions including the HCSAGXGRXG signature motif
nd the WPD loop, DSPs seem to have very limited
equence identity outside the signature motif (2–6).
he enzymes acting on the MAP kinase superfamily

orms so far the largest subfamily of DSPs. These in-
lude VHR (37), CL100 (MKP-1) (38, 39), PAC1 (40),
KP-2 (hVH2, TYP-1) (41), hVH3 (B23) (42), hVH5

M3/6) (43), MKP-3 (Pyst1, rVH6) (44, 45), Pyst2 (46),
nd MKP-4 (Pyst3) (47), MKP-5 (48). They share over
5% sequence identity in their catalytic domains.
TEN and Cdi-1 make up of another subgroup of DSPs

49). PTEN has been shown to dephosphorylate both
rotein and phosphoinositide substrates (50, 51), and
ore importantly, it acts as a tumor suppressor (52)
yotubularin has been shown to be a DSP and is

esponsible for X-linked recessive myotubular myop-
thy (MTM1) which is characterized by severe hypoto-
ia and generalized muscle weakness with impaired
aturation of muscle fibers (22). The important role of
YVE-DSP1 as a DSP is to be explored.
A distinct structural feature of FYVE-DSP1 is that it

as a FYVE domain at the C-terminus. FYVE domain is
recently described double zinc finger motif which spe-

ifically binds phosphatidylinositol(3)-phosphate (9).
hosphoinositides phosphorylated at the 3 position of

nositol plays key roles in receptor signaling at the
lasma membrane and in membrane trafficking within
he cell (53–56). Phosphatidylinositol (3,4)bisphosphate
PI(3,4)P2] and phosphatidylinositol (3,4,5)trisphosphate
PIP3) produced by class I and II phosphoinositide
-kinases (PI3Ks) and type II phosphatidylinositol phos-
hate kinases (PIPKs) (54). They are best known for their
oles in receptor signaling by activating the protein ki-
228
omology (PH) domains of the kinases (53, 55). Phospha-
idylinositol 3-phosphate (PI3P), which is the product of
ps34p and related class III PI3Ks (54), have a pivotal
ole in regulating membrane trafficking (56). PI3P has
lso been shown to play a role in signal transduction in
nsulin regulation of adipocytes (23) and in action of
GF-b (24). FYVE domain is the principal cellular recep-
ors for the singly phosphorylated PI, PI3P (9, 11). Spe-
ific binding of PI3P by FYVE domains has recently been
emonstrated in many studies and was shown to be im-
ortant for the correct targeting and functions of the
YVE domain-containing proteins (reviewed in 9). The
tructural feature of FYVE-DSP1 suggests that it is a
arget of PI3P. Activation of PI3K accompanied by pro-
uction of 3-phosphorylated phosphoinositides consists of
major signaling pathway. Protein phosphorylation on

er/Thr as well on Tyr is a major event in the process.
ndoubtedly, as a DSP, FYVE-DSP1 should have a cru-

ial role in regulating the process.
Most of the previously described DSPs have been

hown localized in cytosol and/or in the nucleus. For
xample, CL100/MKP-1, PAC1, MKP-2/hVH2/TYP-1,
nd hVH3/B23 localize in the nucleus (38–42),
hereas MKP-3/Pyst1/rVH6, Pyst2, and MKP-4/Pyst3

ocalize in the cytosol (43–47). MKP-5 localized both in
he cytosol and the nucleus (48). These enzymes have
istinct substrate specificity, tissue distributions, and
esponse to different stimuli. Our study showed that
YVE-DSP1 is distributed in both cytosolic and mem-
rane fractions. This makes FYVE-DSP1 a unique
layer that may have an important role on cell mem-
ranes. The membrane localization is presumably at-
ributable to the FYVE domain that potentially binds
hosphoinositides. While MPK family DSPs seem to
ct on the MAP kinase superfamily, its FYVE domain
aturally links FYVE-DSP1 to the PI3K signaling
athway.
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