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We have cloned a cDNA encoding a novel protein
pharbin with a homology to inositol polyphosphate
5-phosphatases. Pharbin contains relatively well-con-
served catalytic motifs for 5-phosphatase, a proline-
rich sequence corresponding to the SH3-binding mo-
tif, and a sequence consistent with the CaaX motif at
the C-terminus. COS-7 cells transfected with pharbin
exhibited elevated hydrolytic activity on the 5-phos-
phate group of inositol 1,4,5-trisphosphate, inositol
1,3,4,5-tetrakisphosphate, and phosphatidylinositol
4,5-bisphosphate. Thus, pharbin indeed serves as an
inositol polyphosphate 5-phosphatase. When pharbin
was transfected to C3H/10T1/2 fibroblasts, it was lo-
cated to the plasma membrane-associated structures
including membrane ruffles. The cells were converted
to dendritic forms within 24 h. The protein with de-
leted or point-mutated CaaX motif hardly induced the
dendritic forms but remained associated with the
membranes. These results imply that the CaaX motif is
required for the morphological alteration but that
some other structural element is likely to also be respon-
sible for the membrane localization. © 1999 Academic Press

Inositol phospholipids and their metabolites inositol
polyphosphates play essential roles in a variety of cel-
lular functions (1-3). Inositol polyphosphate 5-phos-
phatases (IP5Pases) hydrolyze 5-position phosphate
group of water-soluble inositol phosphates and corre-
sponding phospholipids. They are categorized into
three groups according to their substrate specificity (4,
5). Group 1 includes the type | IP5Pases that hydrolyze
only water-soluble inositol 1,4,5-trisphosphate (Ins
1,4,5-P;) and inositol 1,3,4,5-tetrakisphosphate (Ins
1,3,4,5-P,) (6, 7). Considering the roles of these sub-
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strates in Ca** mobilization from Ca** stores, primary
function of the enzymes is likely to terminate the Ca*
mobilization signaling. Group 2 enzymes hydrolyze the
above soluble inositol polyphosphates and their corre-
sponding lipids phosphatidylinositol 4,5-bisphosphate
(PtdIins 4,5-P,) and PtdIns 3,4,5-P;. These enzymes
include type Il IP5Pases (8-10), OCRL (11, 12), and
synaptojanin (13-15). Ptdins 4,5-P, and PtdIns
3,4,5-P, are implicated in signaling in many aspects
not only through their regulated hydrolysis to generate
second messengers but also by interaction with various
proteins (2, 3). Thus, the group 2 enzymes may regu-
late a variety of these functions. The type Il enzymes
as well as the type | phosphatases seem to be associ-
ated with membranes presumably through an isopre-
nyl group attached to the cysteine residue in the
C-terminal CaaX motif (9, 10, 16). Group 3 includes
SHIP and related enzymes, which hydrolyze exclu-
sively the substrates with 3-position phosphate, PtdIns
3,4,5-P; and Ins 1,3,4,5-P, (17-20). The substrate spec-
ificity suggests that the enzymes participate in the
regulation of Ca®*-independent protein kinase C activ-
ity and Akt/PKB pathway.

We have cloned a cDNA encoding a protein with a
homology to known IP5Pases and conserved 5-phos-
phatase motifs. This protein designated as pharbin
also contains a putative SH3-binding motif and a pu-
tative CaaX motif. As pharbin hydrolyzed the 5-phos-
phate group of Ins 1,4,5-P;, Ins 1,3,4,5-P,, and PtdIns
4,5-P,, it indeed acts as an IP5Pase. Remarkably, over-
expression of this protein resulted in a dendritic cell
morphology. The CaaX motif seems to be required for
the morphological alteration.

MATERIALS AND METHODS

cDNA cloning and sequencing. The constitutively activated form
of the small GTPase M-Ras®*?" was expressed as the glutathione
S-transferase (GST)-fusion protein in E. coli (21). The rat brain
cDNA expression library constructed in AZAPII (presented by Dr. K.
Watanabe) was screened with the [a]*?P]GTP-labeled GST-M-Ras®?"
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1 GGGGCCGCGTCCGCTTGCCTGCGTCACACGGAGGCACCTGGGCAGCTAGAAGGCAGAATGCTCCAGGGACAGCTTTCGAACCCCGAAAAG 90

l]g a a s a ¢ 1 r h t e apgaqgqlegr ML QG QL S N P E K 11

91 AAGCTCATCCCAACATCAGCCTCCTTACCAGCTGCTGACTCTCAGAGTTCACAGACAAACTCCATGCCTCCTTTAAGCATGCCAGCAAAA 180

2K L I p T S A S L P AADSQS S QTNSMZPUPILSMUPAK 41

181 CCAAGCAACCAGAACCTACAAGCCAAGGCAAACCTCATCACCCCACAGCCACCCATTAGACCCAAGTTGGAGAGAACCCTGTCCCTCGAT 270

42P S N Q N L Q A K A NUL I :I‘___?-_%__'__PY_R___I_"!;{"_P K L ER TUL S L D 71
SH3-binding

271 GACAAGGGCTGGAGAAGGAGGCGTTTCCGGGGTAGTCAGGAGGATCTGACCGTCCAGAATGGGGCCAGTCCCTGCAGGGGTTCCTTGCAG 360
72D K G WU RURURRTPFRGS QEDLTUVQNGASU&PCRGSTULQ 101

361 GACTCAGTAGCCCAGTCTCCTGCCTACAGTCGTCCCCTGCCCTGCCTCAGTACATCCTTACAGGAGATACCTAAGCCCCGAAGGCCACAG 450
102D 8 VvV A Q S P AY SRUPILUPOCLSTSULQETU®PI KUZPIRIRUPQ 131

451 GCAGCGAGGGAGGGAGCCCATCCTTGTGGAGTGACTGTCTTTCTGGAAATGATCAGCACCTCTTGGACCTCCTGCACAGAGAGGGTGCCT 540
132A A R EGAHU®PCGV TV FLEMTISTSWTSCTERV P 161

541 CAGGTGGGCCACTCCAGGCTGGCAAGTTTGCGTGCTACACACACACCGCCAGCTATGGACCTCAACATAGCCTCCAGCTCCCTGAGAACA 630
162Q V G H S R L A S L RATHTUPU&PAMDT LNTIA AS S S SLRT 191

631 GCAAACAAGGTTGACCCTGAGCACACGGACTACAAGCTCCGCATGCAGAACAGACTGGTCAGGGCCCACAGCAACCTGGGCCCTAGCAGA 720
192A N K v D P EHTDY XKILRMOQNIRILVIRAHSNULGU?P S R 221

721 CCCCGGAGTCCCCTGGCTGGTGACGACCACTCCATTCACTCAGCCAGATCCTCTTTCAGCCTTCTGGCCCCCATCCGCACCAAGGACATC 810
222P R S PL AGDUDHSTIHSA AR S SV F SLULAUPTIWRTI KTDTI 251

811 AGGAGCAGGAGCTATCTGGAGGGAAGTCTTCTGGCCAGTGGGGCCCTGCTAGGAGCAGACGAGCTGGCCAGGTACTTCCCAGACCGAAAC 900
252 R S R $ Y L EGG S L LA SGALULTGADETLARYTFPUDTR RN 281

901 ATGGCTCTTTTCGTGGCTACCTGGAACATGCAGGGCCAGAAGGAGCTTCCGGCAAGCCTGGATGAGTTTCTGCTTCCCACCGAGGCTGAC 990
282M A L F VvV ATWNMMOQGOQ K EL P A S L DEVFULTULUPTEATD 311

991 TACACACAGGACCTGTATGTCATTGGCGTTCAGGAGGGCTGCTCTGACAGGCGGGAATGGGAGACACGCTTGCAGGAGACACTGGGCCCT 1080
332y T ¢ D L Y VI GV Q E G C S DI RIREWETRUILQETTILG P 341

1081 CAGTATGTACTGCTGTCATCAGCAGCACATGGGGTCCTGTACATGTCCCTGTTTATCCGTAGGGACCTCATCTGGTTCTGCTCAGAGGTC 1170
342 9 Y v L L. S S A A H G V L ¥ M S I, F T R R DL I W F C S E V 371

1171 GAGTACTCCACAGTAACTACACGCATCGTGTCTCAGATCAAGACCAAAGGGGCCCTGGGCGTCAGCTTCACCTTTTTTGGCACCTCCTTC 1260
372 E Y 8§ T v T T R I V. S Q I K T K G A L GV S F TF F G T S§ F 401

1261 CTCTTCATCACATCTCACTTCACCTCTGGAGATGGGAAGGTAGCAGAGCGGCTACTGGACTACAACAGAACCATCCAAGCCCTCGCCTTG 1350
402 L F I T S H F T S G D G K V A E R L L DY N R T I O A L A L 431

1351 CCCCGGAATGTGCCAGACACAAACCCCTACCGCTCTAGTGCAGGGGATGTCACTACCCGGTTTGATGAGGTCTTCTGGTTTGGGGACTTC 1440

432 P R N YV P D T N P ¥ R S S8 A G D V T T R F D EV F W F G D F 461
Mofif 1

1441 AACTTCCGCCTAAGTGGTGGACGAGTGGCTGTGGAGGCCTTCCTGAAGCAGGACCCAGAGGTGGATGTGCTGGCACTCCTGCAACATGAC 1530

462 N F R L S G G R V A V E A F L K Q D P E V D V L A L L QO H D 491

1531 CAGCTCACCCGGGAGATGAAGAAAGGGTCCATCTTCAAGGGCTTTGAGGAGGCAGAAATTCACTTTCTCCCATCCTACAAGTTTGACATT 1620
492 Q L T R E M K K G S§ I F K G F E E A E I H F L P S Y K F D T 521

1621 GGGAAGGACACCTACGACAGCACCTCCAAGCAAAGGACACCCTCCTACACAGACCGAGTCCTATACAAAAGCCGTCACAAGGGTGACATC 1710

522G _ K D T Y D 8 T S8 K Q R T P 8§ Y T D R V L Y K S R H K G D T 551
Motif 2

1711 TGTCCCATGAAGTATTCCTCTTGTCCTGGGATCAAGACTTCAGACCACCGTCCTGTGTATGGCTTGTTCCGGGTGAAAGTGAGGCCAGGA 1800

552 ¢ P M K Y S 8 ¢ P G I K T S8 D HR PV Y G L F RV KV R P G 581

1801 CGAGACAACATCCCGTTAGCTGCCGGCAAGTTTGACCGAGAACTGTACTTGATAGGAATTAAAAGACGAATTTCGAAAGAGATTCAGAGA 1890
582 R D N I P L A A G K F DRETLYULTIGTIIZ KU RIR RTISI KETIOQR 611

1891 CAAGAAGCACTGAAGAGTCAGAGCTCCAGTGCTGTGTGCACTGTGTCTTGAAGTTACCAGACCAGGACTGGCCAACTGCATCTGAGGGAC 1980

6129 E A L K S Q S S 8 A V C_T V 8 627

CaaX

1981 CAAGGTCACGGCAAAGAGATGGGCTTGTTCGCCAATGCTCCTGTAATGCTGGGTTCTAACCAACCACAGACCCCACCCCTCAGGACTGTC 2070
2071 AGTAGTGGGCTGTGGCCAGGACAAGCCTCTTCTATATCATGCTCCCACAGGCACATGGCAGGGGTTTGGTGAGAGGGACGTGTGGACACC 2160
2161 AAGCCAGATTCACACCGTGCAGCAGTCCTGACTTCTTGCCCTTGAGCACTACAGTCTTTTCAACCTTTTATTCCTGTTCTCGTGCTAGAG 2250
2251 CCCAGGTTCTAGGTCTGTATCCTAATAGCTCCTTTCCTCCAGGGARAGATCAGACCACCTCTGGTATCTTAGATGCTCAGTGCCTAGAAC 2340
2341 CTGCCAGGACTAGAATTCTTGGATATTCCCCACAGACATTTTGATAGGCTTTGAGGTTCTGCACCCTGGTCCCAGGCTCCCAACCCACAG 2430
2431 TTGAGTAGGGACCTCTCCTCTCTGCAGGCTAAGCCCAGCTCTATCGACTCAGTTCCTAGGAGCTTCGGAGCATTTGCTTTTGTGTTGCTC 2520
2521 GTCTCAGGAAAGCAGGCACTGGAATTGTGTTGCTAGGCAGCACTTTGCTGGGTCTCACTCCTTGAAGARAGCTTAGGTCTCATCCTTCCT 2610
2611 TACCCCATCTTACCCCATCCCTCAGAGACATAGCCTTGAATGTACAGACACCTAAGGGCATCCACTCTAGTCTTCTAAATTATTTATTTT 2700
2701 TCCATATTTATATTTTTCAATAAATAAGGATATATTCAACTGTAAAAAAAAAAAA 2755

FIG. 1. Nucleotide sequence and predicted amino acid sequence of rat pharbin. The amino acid sequences downstream and upstream of
the putative initiation codon (A*®*TG) are inscribed with capital and lowercase letters, respectively. The amino acid representing the putative
initiation codon is numbered as 1. Single underlines represent the region homologous to type Il IP5Pase. Double underlines indicate the
motifs 1 and 2 defining 5-phosphatase domain. A dashed and a thick single underlines denote the SH3-binding and the CaaX motifs,
respectively. A dotted underline in the 3’ untranslated region indicates the poly(A) addition signal. The nucleotide sequence data will appear
in the DDBJ/EMBL/GenBank nucleotide sequence databases with the accession number AB026288.
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A

Motif 1

IP 5-phosphatase  Accession #

Pharbin (Rn) AB026288 447
U45974 (Hs) U45974 3
IP5Pase | {Cf) X75094 219

X77567 219
AF040094 517
OCRL (Hs) M88162 484
Synaptojanin (Rn)  U45479 717
Synaptojanin Il (Rn) U90312 730
SHIP (Mm) U39203 576
SHIP (Hs) Us57650 573
SHIP2 (Hs) Y14385 594

Consensus

IP5Pase | (Hs)
IP5Pase Il (Mm)

Motif 1

Pharbin 432
U45974 1

Pharbin 522
U45974 78

Pharbin 612 @
U45974 168 s

S
N ﬁiPAERGLTAATWGDC IDQNPLGRTKSLPPFGDPRDCGDRASVPASQEGSQP 232
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Motif 2
474 552
30 108
246 IMSPSARELIL 362
246 ' R SPSAKELVL 362
544 620
511 587
744 819
757 832
603 688
600 685
621 ‘ REVAIYKSYPETHTIT 703

RXPAWCDRVLX
N SYT I

627

FIG. 2. Comparison of the amino acid sequence of pharbin with those of known IP5Pases. (A) Amino acid sequences around the motifs
1 and 2. Amino acids at positions of >50% identity are shown in white on black. Abbreviations of animal species are: Rn, rat; Hs, human;
Cf, dog; Mm, mouse. (B) Amino acid sequences of pharbin and a putative IP5Pase U45974. Amino acids identical between the two proteins
are shown in white on black. Note that the C-terminal CaaX motif is present in pharbin but not in U45974.

according to Manser et al. (22). Nucleotide sequence of cloned cDNAs
was determined with LI-COR 4000 automated DNA sequencing sys-
tem. The nucleotide and amino acid sequences were analyzed by
GENETYX-Mac softwares (Ver. 10.1, Software Development Co.).

Phosphatase assay. The pharbin cDNA was subcloned in frame to
the Myc-epitope-tag in Smal site of pCMVmyc vector (21). COS-7
cells were transfected with the recombinant plasmid or the empty
vector by electroporation with BioRad Gene Pulser Il System. Two
days after the transfection, the cells were harvested and lysed with
the lysis buffer (150 mM NacCl, 40 mM Tris-HCI (pH 7.6), 2 mM
EDTA, 1% Triton X-100, 10 ug/ml leupeptin, and 10 ug/ml aproti-
nin). The cells were briefly sonicated and centrifuged at 10,0009 for
20 min. The supernatant was applied for immunoprecipitation with
the anti-Myc monoclonal antibody (mAb) Myc1-9E10 (23) and Im-
munoPure Immobilized Protein A (Pierce). Assay for IP5Pase was
carried out as described (24) by using [*H]Ins 1,4,5-P, and [*H]Ins
1,3,4,5-P,. The inositol polyphosphates were fractionated by HPLC
according to Zhang and Buxton (25), and the radioactivity of each
fraction was quantitated by liquid scintillation counting. For the
assay of [°H]Ins 1,3,4-P; hydrolyzing activity, the 5-phosphate of
[*H]Ins 1,3,4,5-P, was hydrolyzed with recombinant SHIP protein
and the resulting [*H]Ins 1,3,4-P; was used as a substrate. Phospha-
tase activity to [°’H]PtdInd 4,5-P, was determined as described (26).
Radiolabeled lipids were extracted, resolved by thin-layer chroma-
tography (TLC), and detected by fluorography after treating the TLC
plate with ENH®ANCE Spray (NEN Life Science Products, Inc.).

Epitope tagging and transfection. To delete the CaaX motif, the
3’ Sacl fragment containing the DNA sequence corresponding to the
C-terminal 9 amino acids was removed from the pharbin cDNA. A
point mutation of the Cys residue in the CaaX motif to Ser was
introduced in the cDNA by using Transformer site-directed mu-
tagenesis kit (Clontech Laboratories, Inc.). The cDNAs of the dele-
tion mutant (pharbinACaaX) and the point mutant (pharbin®?*)
were subcloned in frame to the Myc-epitope-tag in Smal site of the
pCMVmyc vector. C3H/10T1/2 cells cultured on glass coverslips were
transfected with the recombinant plasmids by calcium phosphate-
mediated method as described (27). The cells were doubly stained
with the Mycl-9E10 to detect the Myc-epitope-tag and with
rhodamine-phalloidin. They were examined with a Zeiss Axioskop
microscope equipped with phase-contrast and epifluorescence optics
(21, 27).

RESULTS AND DISCUSSION

Structural properties of pharbin. During an at-
tempt to identify proteins interacting with M-Ras, a
recently identified Ras family small GTPase (21), sev-
eral cDNAs encoding novel proteins were cloned from
the rat brain cDNA expression library. One of the
cDNAs was 2.75 kb and its longest open reading frame
coded for a novel 627-amino acid protein with a calcu-
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IP5Pase activity of pharbin to soluble inositol polyphosphates. [*H]Ins 1,4,5-P; or [*H]Ins 1,3,4,5-P, was incubated with the

immunoprecipitated Myc-tagged pharbin, Myc-tagged SHIP, or Myc-tag. The products were fractionated by HPLC and quantitated by liquid
scintillation counting. (A) Phosphatase activity to Ins 1,4,5-P,. [*H]Ins 1,4,5-P; was incubated with immunoprecipitated Myc-tagged pharbin
(solid circles and solid lines) or with immunoprecipitated Myc-tag (control, open circles and broken lines). The two peaks represented the
positions of Ins 1,4-P, and Ins 1,4,5-P;, respectively. (B) Phosphatase activity to Ins 1,3,4,5-P,. [*H]Ins 1,3,4,5-P, was incubated with
immunoprecipitated Myc-tagged pharbin (solid circles and solid lines) or with immunoprecipitated Myc-tag (control, open circles and broken
lines). The two peaks represented the positions of Ins 1,3,4-P; and Ins 1,3,4,5-P,, respectively. (C) Phosphatase activity to Ins 1,3,4-P,.
[*H]Ins 1,3,4,5-P, was incubated with immunoprecipitated Myc-tagged SHIP and pharbin (solid circles and solid lines) or with immunopre-
cipitated Myc-tagged SHIP (open circles and broken lines). The peak represented the position of Ins 1,3,4-P,. Pharbin did not exhibit

phosphatase activity to Ins 1,3,4-P,.

lated molecular mass of 70,087 Da (Fig. 1) (DDBJ/
EMBL/GenBank accession number AB026288). We
further screened ~1 X 10° plaques of the cDNA library
with this cDNA to obtain longer cDNAs. Among the
clones that we acquired, three clones were identical to
the above one, and they contained the longest 5’ un-
translated region. Accordingly, although no inframe

termination codon was present upstream of the first
A®TG in these clones, this might represent the initia-
tion codon. The amino acid sequence of the open read-
ing frame exhibited 27-36% identity over 220-290
amino acids to the known IP5Pases except for type |
IP5Pases. The conserved two motifs, WXGDXNXR and
PXWCDRXL, defining 5-phosphatase domain (28)
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were also detected in this homology region (Fig. 2A).
Thus, we designated this protein as pharbin (a
5-phosphatase that induces arborization, see below).
The human EST clone U45974 contains a partial cod-
ing sequence for a putative IP5Pase lacking the
N-terminal region. A part of its amino acid sequence
was very similar (86.3% identical over 175 amino acids)
to that of pharbin, and the two phosphatase domain
motifs were identical between these two proteins (Fig.
2B). Only pharbin and U45974 possessed specific Tyr
in the motif 2 instead of Trp among IP5Pases (Fig. 2A).

Pharbin contained upstream of the 5-phosphatase
homology region a Pro-rich sequence corresponding to
the Class Il consensus of Src homology 3 (SH3)-bind-
ing motif (29, 30). The C-terminus of pharbin ended
with -CTVS, which seems to correspond to CaaX motif
present in type | and Il IP5Pases. The CaaX motif (C,
Cys; a, aliphatic amino acid; X, any amino acid) is a
signal for three types of posttranslational modifica-
tions, i.e., isoprenylation, proteolytic processing, and
methylation (31, 32). An isoprenoid (either farnesyl or
geranylgeranyl group) added to the Cys residue is re-
sponsible for membrane association. The C-terminal
residue of the CaaX motif, or the “X”, in general deter-
mines which isoprenoid is added to the Cys residue.
When “X” is Ser, Met, or GIn, the CaaX motif is recog-
nized by farnesyltransferase, whereas Leu at this po-
sition results in modification by geranylgeranyl-
transferase-1 (31, 32). Thus, pharbin is likely to be
farnesylated as is type | IP5Pase, which ends with -CVVQ
(16). On the other hand, type Il IP5Pase with the
C-terminus of -CNPL is postulated to be geranylgera-
nylated (9).

Although pharbin and U45974 exhibited high homol-
ogy in the 5-phosphatase homology region, they were
diverged upstream of the motif 1 (Fig. 2B). In addition,
the C-terminus of U45974 was 49 amino acids longer
than that of pharbin and did not contain CaaX motif.
These facts suggest that U45974 is not a human or-
tholog of pharbin but that they are distinct proteins
even if they share substrate specificity. The relation-
ship between pharbin and U45974 appears to be sim-
ilar to that between type 1l IP5Pase and OCRL because
the latter two enzymes show high homology only in the
5-phosphatase homology region and the type Il enzyme
but not OCRL contains CaaX motif.

IP5Pase activity of pharbin. To address whether
pharbin possessed IP5Pase activity, Myc-tagged phar-
bin was exogenously expressed in COS-7 cells by trans-
fection. The Myc-tagged pharbin was immunoprecipi-
tated with the anti-Myc mAb Myc1-9E10 and analyzed
for phosphatase activity to Ins 1,4,5-P; and Ins
1,3,4,5-P, by fractionating through HPLC (Figs. 3A
and 3B). Pharbin hydrolyzed 5-position phosphates of
both the inositol polyphosphates, whereas immunopre-
cipitate of the transfectant with the empty vector did

BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS
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FIG. 4. IP5Pase activity of pharbin to PtdIns 4,5-P,. [’H]PtdIns
4,5-P, was incubated with immunoprecipitated Myc-tagged pharbin

or Myc-tag (control). The products were resolved by TLC and de-
tected by fluorography.
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not exhibit the phosphatase activity. Ins 1,3,4-P;,
which was produced by hydrolyzing Ins 1,3,4,5-P, with
the group 3 5-phosphatase SHIP, was not hydrolyzed
by pharbin (Fig. 3C). These results indicate that phar-
bin indeed exhibits IP5Pase activity and acts exclu-
sively on a 5-position phosphate group.

Next, 5-phosphatase activity of the immunoprecipi-
tated pharbin to the lipid Ptdins 4,5-P, was deter-
mined by TLC. Pharbin but not a mock transfectant
hydrolyzed Ptdins 4,5-P, to generate Ptdins 4-P (Fig.
4). Thus, pharbin acts as a 5-phosphatase on not only
the water-soluble but also the lipid substrates, and
consequently may belong to the group 2. Considering
the diversity in the two phosphatase domain motifs
between pharbin and the known group 2 enzymes,
however, catalytic efficiency to the four substrates
might be varying between pharbin and the known
group 2 enzymes. In fact, relative catalytic efficiency to
the four substrates is distinct even among the known
group 2 enzymes (12). It is of interest to determine
whether U45974, which has two phosphatase domain
motifs identical to those of pharbin, exhibits substrate
specificity identical or very similar to that of pharbin.

Localization and a cellular effect of pharbin. Since
pharbin contains a putative CaaX motif at the
C-terminus, we examined whether pharbin was lo-
cated to cellular membranes. The recombinant plasmid
expressing N-terminal Myc-epitope-tagged pharbin
was transfected to 10T1/2 fibroblasts. In addition to a
diffused cytoplasmic distribution, pharbin was charac-
teristically concentrated on the plasma membrane-
associated structures including membrane ruffles by
8 h after the transfection (Fig. 5a). Actin was colocal-
ized with pharbin on these membrane-associated
structures as determined by rhodamine-phalloidin
staining (Fig. 5b). The cells tended to be elongated and
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FIG. 5. Localization of pharbin and induction of dendritic forms by pharbin. The recombinant plasmids expressing Myc-epitope-tagged
pharbin, pharbinACaaX, and pharbin®®* were transfected to 10T1/2 fibroblasts. Cells expressing the exogenous pharbin were detected by
immunostaining with the mAb Myc1-9E10. (a and b) Cells expressing pharbin, 8 h after the transfection. The cells were doubly stained with
Myc1-9E10 (a) and rhodamine—phalloidin (b). (c) Cells expressing pharbin, 12 h after the transfection. (d) Cells expressing pharbin, 24 h after
the transfection. (e) Cells expressing pharbinACaaX, 24 h after the transfection. (f) Cells expressing pharbin®**, 24 h after the transfection.

Bar, 20 um.

retracted (Fig. 5¢) and showed arborized or dendritic
figures by 24 h after the transfection (Fig. 5d). The
arborization became more prominent with the lapse of
time, and the whole cell bodies turned to long and thin
branched protrusions. Pharbin remained associated
with the plasma membrane in the arborized cells (Figs.
5¢ and 5d). Pharbin diffusely distributed in the cyto-
plasm and that located to the membrane-associated
structures may be responsible for the hydrolysis of
the soluble inositol polyphosphates and that of the
membrane-associated lipid substrates, respectively.
This postulation is corroborated by the finding that
elimination of the membrane-targeting motifs of type

Il IP5Pase results in the shift of the activity from
membranes to the cytosol (10).

To determine whether the CaaX motif was responsi-
ble for the membrane localization and the morpholog-
ical alteration, pharbin with the deletion mutation
(pharbinACaaX) and that with the point mutation
(pharbin®?*) in the CaaX motif were expressed. Both
the mutant proteins remained associated with the
plasma membrane but scarcely affected the cell shape
(Figs. 5e and 5f). Expression of the wild-type and the
mutated pharbin tagged with green fluorescent protein
(GFP) at the N-terminus showed the localization and
the cell shape indistinguishable from those induced by
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the Myc-tagged protein (data not shown). These results
seem to imply that a mechanism other than isopreny-
lation on the CaaX motif is also responsible for the
membrane localization but that the CaaX motif is es-
sential for the alteration in the cell shape.

Different from pharbin, type | IP5Pase with muta-
tions in the CaaX motif loses its membrane-association
potential (16). This implies that the CaaX motif is the
sole membrane-targeting motif for the type | enzyme.
On the other hand, membrane association of the 115-
kDa type Il IP5Pase is mediated not only by the CaaX
motif but also by the N-terminal region (10). The se-
quence rich in Leu or the sequence homologous to those
in several membrane receptor proteins is postulated to
be responsible for the membrane-association ability of
the N-terminal region (10). However, pharbin does not
contain such sequences. One possible explanation for
the membrane localization of the pharbin mutated in
the CaaX motif is that pharbin binds to some
membrane-associated protein. In this context, the pu-
tative class Il SH3-binding motif in pharbin should be
noted because the SH3-containing protein Grb2/Ash is
located to the membrane ruffles (33) as is pharbin.
Since the mutated pharbin hardly induced the den-
dritic form, the CaaX motif is likely to be really func-
tional. Both the CaaX and the SH3-binding motifs in
pharbin might play important roles in the localization
and several functions including IP5Pase activity to
particular substrates.

Overexpression of the group 2 IP5Pase synaptojanin
causes disassembly of the actin stress fibers presum-
ably by hydrolyzing Ptdins 4,5-P, bound to «-actinin
resulting in retardation of the actin gelation ability of
a-actinin (14). Since pharbin was colocalized with actin
on the membrane-associated structures, it may also
hydrolyze Ptdins 4,5-P, bound to certain actin-binding
regulatory proteins such as «-actinin, vinculin, and
profilin (34-38). Modulation of these actin regulatory
proteins by hydrolyzing bound Ptdins 4,5-P, might
cause the arborization of the cells. Pharbin with mu-
tations in the CaaX motif scarcely induced the den-
dritic form. This might imply that the CaaX motif but
not the other membrane-targeting motif can make
pharbin access Ptdins 4,5-P, bound to the actin-
binding proteins. Although pharbin was cloned during
the ligand overlay screening of the cDNA expression
library with the constitutively activated M-Ras, direct
interaction between M-Ras and pharbin has not yet
been demonstrated. However, the dendritic cell shape
induced by overexpressed pharbin is reminiscent of
that induced by the constitutively activated M-Ras
(21). It remains to be determined whether the morpho-
logical alteration is induced by pharbin targeted di-
rectly or indirectly by M-Ras or whether it is induced
independently by M-Ras and pharbin.
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