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A novel phosphatidylinositol 5-phosphate 4-kinase 

(PIPKIIy) is phosphorylated in the endoplasmic 
reticulum in response to mitogenic signals 

Toshjki Itoh 



Summary 

ln th is study, I identify a novel rat PI5P 4-kinase(PIPKHy). PIPKTiy 

com pri ses 420 amino acids with a molecular mass of 47,048 Da, showing 

greater homology to the type Ua and II~ isoforms(64.4% and 63.3% amino 

acid identity, respective ly) of PIP kinase than to the type I isoforms. It is 

predo minantl y ex pressed in kidney , with low expression in almost all other 

ti ssues . The PIPKUy is found to have PI5P 4-kinase ac tivity as demonstrated in 

other type II kinases such as PlPKJla. The PIPKI!y that is present 

endogenously in rat fibroblasts, PC12 cell s, and rat whole brain lysate or that 

is exogenously overexpressed in COS-7 ceLls shows a doublet-migrating 

pattern on SDS-PAGE. Alkaline phosphatase treatment and metabolical 

labeling in 32 P-orthophosphate expe1iments revealed that PlPKJiy is 

phosphorylated in vivo , resulting in a shift in its electrophoretic mobility. 

The phosphorylation is induced by the treatment of mitogens such as serum 

and EGF. Immunostai rring experiments and subcellular fractionation revealed 

that PlPKily localizes dominantly itl the endop lasmic reticulum (ER). The 

phosphorylation a lso occurs in the ER. Thus, PIPKliy may have an important 

role in the synthesis of PTP2 in the ER. 
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Introduction 

Phosphati dyl inos itol 4,5-b isphosphate(Pl(4,5) P2) is a phospholi pid with a 

variety of functions in vivo includi ng not onl y the prod uction of second 

messengers such as diacy lglycerol and ino ito! I ,4,5-trisphosphate, but al o the 

regul ati on of actin regulatory prote ins, and the ac ti vation of phospholipase D 

and ADP-ribosylati on fac tor. The la tter two functions for Pl(4,5)P2 indicate 

that it is also involved in regulation of ac tin cytoskeleton or ves icle trafficking 

such as exocytosis and endocytosis. It has also been reported that Pl(4,5)P2 

synthesis is potentiated by various stimuli including GTP'yS( I ,2,3), phorbol 

esters(4), tyrosine kinases(5), and integrins(6). The variati ons in its function 

and the regul at ion of its synthesis indicate that enzymes responsible for the 

production of PIP 2, such as PI kinase and PIP kinase, also show large 

diversities. Among them, PIP kinase, that catalyze the f inal step of PI (4,5)P 2 

synthes is, seems to be important to accomplish the large di versity of 

intracellular roles fo r PI (4,5)P2 . 

Two major subtypes (type I and II) comprising fi ve isoforms (lex, I~ , ly, 

ll a , and IT~ ) of mammalian PIP kinase have been identi fied to date(l 3, 16, 17, 

18, 19). In budding yeas t, two PlPK homologs (MSS4 and F AB l) are also 

known. ln data base, sequences that seem to belong to thi s lipid kinase fa mily 

are fo und in fission yeast, nematode, fruit n y, as well as in plants (Fig. LA). 

All members of this lipid kinase fa mil y have hi ghly conserved "kinase 

domain" separated by a vari able region call ed " insert domain" (Fig. ! A). 

Two subtypes of mammalian PrP kinase have different substrate specifi city. 

Recently, Rameh e1 a/. showed that type H PIPK is a PI5P 4-kinase while type 

I isoform is exactly a PI4P 5-kinase(22). They also showed the existence of 

P I5P in vivo, a novel phosphoinositide that had not been identified. These 

data shows that there are two di ffe rent pathways for PT(4,5)P2 sy nthesis 

(Fig. I B). Although the exact rol e for each pathway is not know n, possible 
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intracellular functions for each ~ubtype have been reported. 

Type I isozyme has been reported to be activated by phosphatidic acid(7). to 

bind physically to small GTPase Rho(8) and Rac(9). and to be involved in 

Ca2+-dependent exocytosis in PC12 cell s(JO). Human PlPKf~ has been shown 

to be identi cal to the STM7 gene, the putative gene responsible for Friedrich's 

Atax ia, suggesting that th is isozyme plays roles in vesicular trafficki ng such as 

neurotransmi tter release( II ). On the other hand, type Tl isozymes have also 

been reported to have several functions in vivo. In platelets , PlPKUa. was 

shown to translocate to the cytoskeletal frac tion after stimulati on by 

thrombin(l2). PIPKII~ was identified by its specific interaction with a 

cytoplasm ic region of the p55 tumor necrosis factor-a. receptor and a role for 

PIPK in TN F-a. signaling has been suggested( 13). 

From these data, it seems that synthesis of phosphoinositides are controlled 

by various mechani sms to accomplish their multiple functions in appropriate 

time and appropriate locati on within the cell. 

Here, r identify a novel PIPKfl isozyme (PIPKIIy) by an RT-PCR method 

using degenerate primers des igned from highly conserved primary sequences 

in PlPK family members . PIPKJiy is phosphoryl ated on serine residues in 

vivo resulting in a mobility shift in SDS-PAGE. Mitogenic stimulation, such 

as by serum-, EGF- or PDGF-treatment, results in phosphorylati on of 

PlPKlly. The results of the immunofluorescence experiments and subcellular 

fractionation suggest PfPKily has important roles in the production of PIP2 in 

the ER. 
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Experimental Procedures 

Materials 

PIP was purified by neomyc in column chromatography fro m crude 

phospholipids extracted from bov ine spinal cord as described(] 4) . 

[a- 32 P]dCTP, [y-32PlATP, (J2P]orthophosphate and [3H]PI (4 ,5)P2 were from 

DuPont/NEN Research Products(Boston, U .S.A.). The Colony/PlaqueScreen 

used to screen the eDNA library were from NEN Life Science 

Products(Boston. U.S. A.). The PVDF membranes used for Western blot 

analys is were from Nihon Eido(Tokyo, Japan). Ni-NTA agarose was from 

QlAGEN(Chatsworth , U.S.A. ). Partisphere SAX column was from Whatman 

International Ltd .(Maidstone, England). The thin layer chromatography silica 

plates and ce!Julose plate used to separate phospholipids and phosphoamino 

acids, respec ti ve ly, were from Merck(Darm stadt, Germany). Monoc lonal anti 

Myc antibody was purchased from Santa Cruz Biotechnology(Santa Cruz, 

U.S.A.) . Monoclonal anti-SiP antibody was from StressGen Biotechnologies 

Corp. Monoclonal anti- ~-tubulin antibody was from Chemicon International 

Inc. (Temec ula, U.S.A.) Rhodamine-, and fluorescein-conjugated anti -rabbit 

IgG antibodi es and fluorescein-conjugated anti-mouse lgG antibody were from 

Organon Tekni.ka Corp (West Chester, U.S.A.). Rhodamine-conjugated wheat 

germ agglutinin was from Molecular Probes, Inc. (Eugene, U.S.A.). 

Cell Culture 

COS-7 and 3Yl cells were cultured in Dulbecco 's modified Eagle's 

medium (DMEM) supplemented with LO% fetal bovine serum. PC1 2 cell s 

were grown in DMEM containing I 0% horse serum and 5% fetal bovine 

serum. 
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Reverse Transcription - Polymerase Chain Reaction 

Total RNA isolated from rat brain was reverse transcribed into eDNA by 

MuLV reverse transcriptase, and used as a template for PCR using degenerate 

primers (5' -GAIT A YTGYCCIRWIGTITTYMG-3 ', 5'

ATICYIABIAIIARRCTRTARTCCAT-3 ' and 5' 

ATICYIABIAIIARIGARTARTCCAT-3') corresponding to two highly 

conserved sequences in mammalian and yeast PIP kinases (D/EYCPXVFR, 

MDYSLLLGI/M) (see Fig.2A). The polymerase chain reaction was carried 

out as follows; 95"C for l min, 43 oC for 1 min , and 72 oC for 2 min , for 40 

cycles. The PCR product, about 500 bp long, was subcloned into the Smal site 

of pBluescript SK(-) vector and sequenced. 

eDNA cloning of PIPKily 

The PCR product encoding a novel sequence was cut out from the vector 

with EcoRI and BamHI, labeled with [a-32P]dCTP, and used as a probe for 

screening a rat brain eDNA library. The longest clone obtained (about 2.4kb) 

encoded an ORF as long as about 400 amino acids, but did not include a potent 

start codon. On the other hand , another partial clone was obtained that 

included a potent start codon preceded by a sequence consistent with Kozak's 

consensus(l5) , but did not include a stop codon. From the sequences of these 

two clones, I could determine the complete sequence for this novel PIP kinase. 

Northern Blot Analysis 

A partial fragment corresponding to 418- 1500bp of cON A was labeled and 

used as a probe for Northern blot analysis. Hybridization was carried out 

against Mou e Multiple Tissue Northern (MTN™) Blot membrane 

6 



(CLONETECH Laboratori es, Inc.). 

Production of Polyclonal Antibody 

A parti al eDN A fragment encod ing amino acids 130-420 was li gated into 

the P. ti-Hindlll site of a pQE32 His-tag express ion vector(QIAG EN). The 

His-tagged protein was ex pressed in E.coli and purified with Ni -NTA 

agarose(QJAGEN) as desc ribed by the manufacturer. The purified protein was 

inj ected as an antigen in to rabbits to raise polyclonal antiserum. The resulting 

ant ibody was affinity purified with the an tigen protein transferred onto a 

PYDF membrane or immobilized on Hi -Trap NHS-acti vated column 

(Pharm ac ia). 

Transfection into COS-7 Cells 

The full -length eDNA of mouse PIPKl~ , rat PIPKJI~ and PIPKI!y was 

ligated into the Sali -BamHI site of pCMY-Myc or the Xhoi-BamHI site of 

pSRa XEBNeo mammalian expression vectors. Twenty micrograms of each 

plasmjd was mi xed with I X 107 cell s and the mixtures were subjected to 

electroporation with a Gene Pulser (Bio-Rad). The cells were cultured in 

Dulbecco's modifi ed Eagle's medium suppl emented with 10% fetal bovine 

serum. 

Measurement of PIP Kinase Activity 

Forty-eight hours after electroporati on, the expression vector-transfected 

COS-7 cells were lysed with lysis buffer (20 mM Hepes, pH7 .2, 50 mM NaCl, 

30 mM sodium pyrophosphate, l % Nonident P-40, I mM EGTA, 25 mM 

NaP, O.l mM sodium vanadate, J mM PMSF). The expressed enzyme was 
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immunoprecipitated wi th monoclonal anti-Myc an ti body and washed U1ree 

times with lys is buffer and once with reaction buffer (50 mM Tri s-HCI pH7.5, 

10 mM MgCI2, I mM EGTA). The reaction was started by adding 50 ~M P[P 

and 50 11M ATP, 10 ~Ci [y-32P]ATP in 50~1. After incubating for 10 min at 

room temperature, the lipids were extracted with J N HCL and 

chloroform/methanol(2/l in vol. ) and spotted on TLC plates. The plates were 

developed in chloroform/methanol/ammoni a/water(= 14/20/3/5 in vol.) and 

the products were observed by autorad iography or quantified by an image 

ana lyzer BAS2000 (Fuji). 

Analysis of Phosphoinositides by SAX HPLC 

Phosphoinositides separated by TLC were scraped out, deacylated and 

analyzed by SAX HPLC as described(20). 

Dephosphorylation of Phosphoinositides by SHIP 

A partial fragment corresponding to .I 084-3947bp of the eDNA of human 

Src homology containing inositol polyphosphate phosphatase (SHIP) was cut 

out with Sail and BamHI , and ligated into U1e Saii-BamHI site of pCMV-Myc. 

The resulting expression vector was transfected into COS-7 cells as described 

above. Myc-SH IP was immunoprecipitated and ilie dephosphorylation of lipids 

was carried out in 50 mM Tris-HCl pH7.5 , 10 mM MgC I2 at 37 oC for 60 min. 

The lipids were extracted and separated by TLC (ch loroform/methanol/aceti c 

acid/water = 43/38/5/7 in vol. ) 

Dephosphorylation of PIPK/Iy by Alkaline Phosphatase 

Myc-tagged PlPKl1y was immunoprecipitated fro m the lysate of 

overexpressing COS-7 cells. The immunoprecipitates were washed first with 
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lysis buffer, then with alkaline phosphatase buffer (50 mM Tris-HCl, pH8.2, 

50 mM NaCl , I mM MgCl2, I mM DTr, I mM PMSF), after which 2U of calf 

intestine alkaline phosphatase (Takara Shuzo Co .. Ltd .) or storage buffer for 

CLAP ( I 0 mM Tris-HCl , pH8.0, l mM MgCI 2, 50 mM KCI , 0.1 mM ZnCl2• 

50% glycerol) was added. The reaction was carried out at 30oC for 60 min. 

Metabolic 31P-Labeling of PC12 cells and Phosphoam.ino Acid 

Analysis 

The culture med ium was changed to phosphate-free DMEM, and the PC 12 

cells were cultured for 30 min . [32P]orthophosphate (0.2mCi/mJ) was then 

added and the cells were incubated for 24h. Labeled cells were lysed in lysis 

buffer (20 mM Hepes, pH7.2, 50 mM NaCI , 30 mM sodium pyrophosphate, 

1% Nonident P-40, L mM EGTA, 25 mM NaF, 0.1 mM sodium vanadate, I 

mM PMSF), and the PIPKIIy was immunoprecipitated with anti-PIPKrry 

antibody and transferred to a PYDF membrane. The band corresponding to 

PIPKliy was cut out and hydrolysed in 6N HCI for l h at llOoC. The resu lting 

amino acids, together with standard phosphoamino acids, were spotted on TLC 

plates and separated by electrophoresis in pH3.5 buffer(5% acetic acid, 0.5% 

py1idine). The labeled phosphoamino acids were detected by autoradiography. 

The positions of the standard phosphoamino acids were detected by ninhydrin 

staining. 

Immunofluorescence of PlPKlly 

CeLls growing on glass coverslips were fixed with 3.7% formaldehyde in 

PBS for 15 min and permeabilized with 0.2% Triton X-100 in PBS for 5 min. 

Incubation with the first antibody (polyclonaJ anti-PIPKlly and monoclonal 

anti-BiP) was can·ied out for l hand incubation with the second antibody or 

rhodamine-conjugated WGA for 30 min. The cells were observed with a 
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confocal fluo rescence microscope (B io-Rad). 

Subcellular Fractionation 

The subcellular fractionation was performed as described (2 l ) with some 

modifications. Rat li ver or 3Y 1 fibrobl as ts were homogenized in 0.25M 

sucrose, 50 mM llietbanolamine-HCl , pH7.5, 50 mM potass ium acetate, 6 mM 

magnesium acetate, 1 mM EDTA, 1 mM DTT, and 0.5 mM PMSF 1 0~-ig/ml 

aprotinin. After centrifugation at 800 X g for 10 min and 10,000 X g for 10 

min to devoid "nuclear" pellet and "mitochondrial" pellet respectively, "post

mitochondrial" supernatant was obtained. The supernatant was layered over a 

cushion of 1.3M sucrose in the same buffer and centrifuged at 202,000 X g for 

2.5 h to yield three distinct fraction s; "post-microsomal" supernatant 

(representing cytosol), interfacial ''smooth mjcrosomes" (representing the 

smooth ER and the Golgi apparatus) and "rough microsomal" pellet 

(representing the rough ER). 
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Result 

Identif ication of a Novel PIP kinas e 

To ident ify novel PIP kinases, I applied an RT-PCR method using 

degenerate-primer. corresponding to amino acid sequences hi ghl y conserved 

among mammalian PIP kinases and their yeast homologs, MSS4 and FAB I 

(Fig.2A). Total RNA isolated from rat brain was reverse-transcribed and used 

as a template fo r further PCR. The PCR product was subcloned into 

pBluescript vector and sequenced. Among several sequences corresponding to 

known PIP kinases, one novel sequence homologous to the type II isoform of 

P IP kinase was obtained. I then tried to isolate a full length eDNA using this 

fragment as a probe. By screening a rat brain eDNA library including 

random-primed clones, I obtained two clones encoding overlapping sequences. 

Between these clones, I fo und an ORF of 1260 bp encoding 420 amino ac ids 

(Fig.2B). The calculated molecular mass is 47,048 Da. 

The Novel PIP kinase Belongs to the Type II Subfamily 

The whole amino acid sequence of the novel PIP kinase was revealed to be 

homologous to the types Ila and liP isoforms of PIP kinase rather than type 1 

isoforms (Table I) indicating that thi s PIP kinase is a third member of the type 

II isoform subgroup (Fig.2C) . Thus I named thi s novel PIP kinase type Ily 

(PIPKliy). PIPKlTy has a highl y conserved kinase homology domain separated 

by an insert domain showing no si milarity to other PIP kinase family 

members. 

Tissue Distribution of PIP kinase 1/y 
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To study the tissue distribution of PIPKIIy, Northern hybridizati on was 

carri ed out agai nst mRNA from various mouse ti ssues. An mRN A of about 

3.5kb was detected in almost all ti ssues with the most abundant expression in 

kidney (Fig.3). Ti ssue distributions for othe r PIPK isoforms have also been 

reported. PLPKio: is ex pressed mainly in brain and tes tis, PlPKlP is abundant 

in brain, lung, skeletal muscle and testis. PIPKiy is expressed in kidney, but is 

also rich in brain and lung. For PlPKllo:, restricted ex pression in brain and 

heart has been reported, and an abundant expression in skeletal muscle for 

PIPKIIP has been reported( L3, 16, 17, 18, 19). The pattern of distribution for 

PlPKIIy is different from that of any type I isoform or other type Il iso form, 

suggesting specific functions for this isoform . 

The PIP kinase fly is a Phosphatidylinositol 5-plwsphate 4-kinase 

I transfected a Myc-tagged version of the full length eDNA of PlPKfly 

(Myc- PIPKI!y) into COS-7 cells. The protein expressed in the whole cell 

lysate and anti-Myc immunoprecipitate was detected as a doublet fonn by 

Western blotting with anti-Myc antibody (Fig.4A and studied further below). 

Nex t, Myc-PlPKII')' was immunoprecipitated and the PIP kinase activity was 

measured . The immunoprecipitate phosphorylated PIP purified from bovine 

spinal cord (see Materials and Methods ), whereas anti-Myc 

immunoprecipitates from cell s tran fected with vector alone failed to do so 

(Fig.4B). By using SAX HPLC, the resulting PIP2 was confirmed to be 

PI (4,5)P2 (Fig.4C). 

Recenlly, Rameh et al. showed that the PlPKIIo: is a PI5P 4-kinase, and 

slightly different from PI4P 5-kinase (22). To examine whether PIP KIT)' is a 

PIP 4- or 5-kinase, [31 P]Pl(4,5)P2 produced from the mixture ofPI4P and 

PI5P (i.e. PIP purified from bovine spinal cord) by PlPKTiy was treated with 

12 



SHIP, which was reported to dephosphorylate preferentially position 5 of 

PI(4,5)P2(22). By SHIP-treatment, [32P]Pl (4,5) P2 spot was decreased while a 

f32 P]PIP spot appeared (Fig.40). This [32P]PlP was confirmed to be [32P]Pl4P 

by SAX HPLC (Fig.4E) . The same [32P]PI4P spot was also detected when 

L32P]Pl(4 ,5) P2 produced by PIPKfl~ was used(Fig.4D). On the other hand, 

[32P]PI(4,5)P2 produced by PlPKI~ did not show any [32P]P!4P spot visible in 

a short exposure. But the long exposure showed a [32P]PlP spot (Fig.4D) 

wh ich might represent [32P]PI5P produced by a weak 4-phosphatase activity of 

SH!P(22). The identification of [32P]PI5P spot was also carri ed out by SAX 

HPLC (Fig.4E). These results indicate that PlPKlly is a P!5P 4-kinase like 

other type If isoforms. 

PIP kinase ll y is a Phosphoprotein 

A polyclonal antibody was produced with a partial Hi s-tagged protein 

expressed in £.coli as an antigen. With this polyc lonal antibody, endogenous 

PIPK!ly was detected as doublet bands at 47 kD in lysates from rat bra in , 

PCJ2 cell s, and 3Yl fibroblasts by Western blotting (Fig.5A). When the full 

length eDNA (without Myc-tag) was transfected into COS-7 cells, the same 

doubl et band was detected (Fig. SA), suggesting that this doublet corTesponds 

to some modification of PlPKIIy such as proteo lysis or phosphoryl ation and is 

not due to crossreactivity of the antibody to another protein. To examine the 

poss ibility that these doubl et bands correspond to phosphorylated PIPKIIy, I 

treated the Myc-tagged version of PIPKlly with alkaline phosphatase. The 

Myc-PIPKIIy that immunoprecipitated from overexpressing COS-7 cells 

showed a doublet banding pattern with the upper band predominant. When the 

immunoprecipitated Myc-PIPKlly was incubated with calf intestine alkaline 

phosphatase, the upper band disappeared completely (Fig.5B) while the lower 
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band increased in intensity. This indicates tha t the doublet mi grating pattern is 

due to the phosphorylation of PlPKlly. To confirm thi s conclusion, l next 

labeled PC L2 cells metabolically with [32P]orthophosphate. After labelling, the 

cells were lysed and PlPKIIy was immunoprecipitated, showing that PIPKlly 

was phosphorylated (Fig.5C). Together with the result of Western blotting, it 

was confirmed that this phosphorylated protei n corresponds to the upper band 

of PIPKily (Fig.5C). Next, the phosphorylated band was cut out from 

membrane and phosphoamjno acid analysis was carried out. The results 

showed PIPKIIy phosphorylation occurs prcdomjnantly on serine res idues 

(Fig.5 D). To determine whether enzymatic ac tiv ity of PlPKlly is affected by 

its phosphorylation, l measured the activity of Myc-PIPKI!y after alkaline 

phosphatase treatm ent. Myc-P!PKlly retained considerable activity even after 

alkaline phosphatase treatment (Fig.5E) indicating that the phosphorylation of 

PIPKIIy does not affect its enzymatic activity. 

PIP kinase fly is Phosphorylated in Response to Extracellular 

Stimuli 

In response to extracellular stimuli such as growth factors or hom1ones, 

intracellular protein kinases are activated and phosphorylate their 

physiological substrates. Since PLPKIIy was found to be phosphorylated on 

serine residues in vivo, I examined whether the level of PIPKily 

phosphorylation is potentiated by extracellular stimuli. First, I treated rat 3Y l 

fibroblasts with 10% serum for various periods. The upper band of PIPKlly 

increased in a time dependent manner, suggesting PIPKHy is phosphorylated 

in response to serum (Fig.6A). Then, 1 examined other extracellular stimuli 

including EGF, PDGF, bradykjnin , and lysophosphatidic acid (LPA) for their 

abilities to induce the phosphorylation of PIPKIIy. Among them, EGF and 

PDGF enhanced the phosphorylation as well as serum (Fig.6B, C) . LP A and 
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bradykinin also induced phosphorylation to a lesser extent. Fig.SD clearly 

shows that P!PKJ ly phosphorylation does not take place on tyrosine residues. 

Moreover, PfPKJiy was not recognized by an anti-phosphotyrosine antibody, 

PY20 (data not shown). Therefore, it seems likely that the phosphorylation is 

mediated by a serine/threonine kinase downstream of mitogenic signals 

mediated by receptor tyrosine kinases. PKC does not seem to be involved, 

since PMA did not potentiate phosphorylation (Fig.68 , C). In addition , a 

specific PKC inhibitor, H7 , did not suppress phosphorylation in 3 Y I cells 

(data not shown). 

Intracellular Localization of PIP kinase 1/y 

Using a polyclonal antibody, [ next examined the intracellular localization 

of PlPKUy. The polyclonal antibody used was confirmed to recognize 

specifically the doublet band corresponding to PlPKlly in 3Y I cell lysates by 

Western blotting (Fig.SA). When rat 3Y l fibroblasts were sta ined, PIPKlly 

was seen to predominate in the perinuclear regions, suggesting that it is 

localized in microsomal organelles such as endoplasmic reticulum (ER). To 

confirm thi s possibility, [doubl e-stained rat 3Y I fibroblasts with anti-PlPKJiy 

antibody and with anti-BiP. an ER-reta.i ning protein. Both staining patterns 

(Fig.? A) clearly indicate the localization of this enzyme in the ER. This 

staining pattern does not overlap with that by wheat germ agglutinin, a rrans

Golgi staining reagent (Fig.7 A). 

The intracellular locaLization of PIPKJiy was studied further by a 

subcellular fractionation method using 1.3M sucrose cushion (see Materials 

and Methods). PlPKJly was detected in smooth and rough microsome 

fractions of rat liver the same as ER-marker BiP, whereas a cytosolic protein 

~-tubulin was detected only in the top of the gradient (Fig.7B). The 

phosphorylated form of PlPKIJy was also detected in these fractions 
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suggesting phosphorylati on of PlPKJJy occurred in mi crosomes. To confirm 

thi s poss ibility, post-mitochondrial supernatants of 3Yl fibroblas ts were 

subjected to the same subcellul ar frac ti onation after mitogenic stimulations. 

PIP K!ly, together with BiP, was detected predominantl y in the smooth 

microso mal frac tion (Fig.7C). On stimulation by EGF, the phosphorylated 

fonn increased in th is frac tion indicating that the phosphorylation of PI PKTiy 

occurred within the E R (Fig.7C). In additi on, immunoflu orescence staining 

also showed that the locali zati on of PIPKIIy in the ER was not affected by 

stimulation of the cell s witJ1 serum or EGF (data not shown). 

These results indicate that PIPKify i phosphorylated in the ER in response 

to mi togeni c signals, thus suggesting it ha im portant roles in the synthesis of 

PIP2 in the ER. 
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Discussion 

Puri fica ti on and eDNA cloning of the 53kD PIP ki nase Il a from 

erythrocytes revealed the lipid k inase Lo belong to a di stinct kin ase fam il y 

different from those of PI 3-. Pl 4-kinase or pro tein kinases( l 6). Thi s fa mily 

also seems to include yeas t homo logs such as MSS4p and FAB I p. 

Furthermore, eDN A cloning of ty pes Ia and 1~ , members o f another subtype 

of mammali an PIP kinase, also showed them to beiong to thi s same di stinct 

lipid kinase famil y( l7 ,18). Members of thi s novel lipid kinase fami ly have 

several conserved regions within their primary sequences. Using an RT-PCR 

method in volving degenerate primers corresponding to these hi ghly conserved 

sequences, I succeeded in identifying a novel PIP kinase isoform and named it 

PIPKI I-y. 

Although PIPKIIy seems to be long to the type II subtype, the similarity 

between PlPKIIy and other members o f the type II PfP kin ase famil y is not 

very hi gh (64.4% fo r lla, 63.3% for II~ ) co mpared with the homology 

between PTPKlla and PTPKII~ (78 .7 %) (Table 1). Thi s together with the 

difference in its expression pattern fro m that of other PIP kin ases, suggests 

PIPKily has some di stinct fun ctions i11 vivo. 

PIPKIIy was detected as a doublet-migrating protein by Western blotting 

with a specific polyclonal antibody not only in rat brain lysates but al so in 3Y I 

fibroblas ts and PC 12 cell s. The same doubl et patterns were also observed 

when PIPKI!y was overexpressed in COS-7 cel ls. The evidence presented in 

th is tudy shows that PlPKlly is phosphorylated in vivo and that the upper 

band represents the phosphorylated form . Furthermore, phosphoamino ac id 

analysis revea led that phosphorylation occurs predominantl y on serine 

res idues. I also observed that mitogens such as serum and growth factors 

immediately induced phosphorylation of P!PKII-y. The total cellular amount of 

PIP21 as well as the PIP ki nase ac ti vity, have been reported to increase in 
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response to various extracellular stimu.li including EGF(5), formyl-methionyl 

leucyl-phenylalanine, platelet activating fac tor(!), th rombin(23), phorbol 

ester(4), and adhesion to fibronectin(6). Some of these extracellu lar stimuli 

have been reported to increase PIPK acti vity, especiall y in the cytoskeleton. In 

addition, the involvement of G-proteins, including small GTPases such as Rae 

and Rho, has also been suggested by data showing that the PIP kinase activity 

is potentiated by non-hydrolysable GTP or is associated with recombinant Rho 

and Rae protein. Despite the above observations, the exact molecular 

mechanism by which PIPK is regulated has not been made clear. Here I 

provide evidence for the phosphorylation of PlPKlly. It is possible that PIPK 

is regulated by a protein kinase downstream of extracellular stimu li . At 

present I do not know what kinase is responsib le for the phosphorylation. The 

phosphorylation was found to be enhanced by tyrosine kinase activators such 

as EGF and PDGF rather than activators related to heterotrimeric G protein

coupled signalings, such as bradykinin and lysophosphatidic acid. Moreover, 

dibutyryl cAMP (not shown) and PMA do not increase the phosphorylation 

markedly. Considering that phosphoryl ation occurs on serine residues rather 

than on tyrosine res idues, a serine kinase, other than PKA or PKC, 

dow nstream of a tyrosine kinase must phosphorylate PIPKUy. Although the 

exact roles of the phosphorylation remain unclear, it is possible that the 

phosphorylation of PlPKIIy regulates its locali zation. Hinchliffe et al.(l2) 

reported that the translocation of PIPKI!a. to the cytoskeletal fraction of 

platelets in response to thrombin is inhibited by okadaic acid treatment, 

suggesting the importance of dephosphorylation for translocation . Although 

they also showed that the activity of PIP.Klla. is regul ated by its 

phosphorylation state(24), I did not observe any change in the activity of 

PTPKily after phosphorylation by mitogenic stimulation nor 

dephosphorylation by alkaline phosphatase (data not shown and Fig.5E). 

In thi study, l demonstrated that PlPKily is specificall y locali zed in the ER 

in rat 3Y I fibroblasts. Although most PIP kinase activity i found in the 
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plasma membrane and cytosol, Helms et a/.(25) reported that PI (4,5)P2 

syn thesis occurs in the ER. Several phosphoinositide metabolizing enzymes 

have been reported to be localized in microsomal fraction. Wong et al. 

reported that PI 4-kinase a is localized in the ER whereas PI 4-kinase p is 

localized in the Golgi apparatus in HeLa cells(26) . Most PI-synthase activity is 

also detected in the ER(25, 27, 28). It is conceivable that Pl(4,5)P2 synthesis 

occurs efficiently in microsomes because of the relay of substrates between PI

synthase, PI kinase, and PIP kina. e. In addition, Pf5P, the preferential 

substrate for type II isozymes in PI(4,5)P2 synthesis, is rare in NIH3T3 

ceUs(22), compared with PI4P which exits abundan tl y in the cell. It may be 

important for this minor phosphoinositide to be localized at a restricted area 

such as in microsomes with its metabolizing enzyme, Pf5P4K, for efficient 

Pl(4 ,5)P2 synthesis. Many of the characteristics of PI5P have yet to be 

elucidated, including its synthetic pathway as well as the identity of PI 5-kinase 

and its exact intracellular localization. However, together with the observation 

that PlPKIIy is loca lized in the ER after phosphorylation by mitogenic signals, 

my results suggest that PIPK!Iy is involved in the synthesis of PI(4,5)P2 in the 

ER. 

Shibasaki et al. reported the type I Pf4P 5-kinase overexpressed in COS-7 

cell s by an adenovirus expression sy, tem is localized mainly at plasma 

membranes and cytosol. They further reported that type I PIP kinases induce a 

pine needle-like structu re of the actin cytoskeleton(29). In contrast, I observed 

no ch<mge in the actin cytoskeleton when type np and Uy isozymes were 

transiently overexpressed in COS-7 cell s (data not shown). From these results, 

it is possible to conclude that each subfam il y of PIP kinase has a distinct 

localization and function and is also responsib le for the synthesis of disti nct 

intracellular PlP2 sources. 

19 
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PIPKI Ct 

PIPKI ~ 
PIPKII<X 
PIPKIIP 
~ISS4 

FABl 

PIPKI a 
PIPKI p 
PIPKIIr.t. 
PIPKn p 
MSS4 
FJ\Bl 

PIPKI 0. 
PIPKI p 
PlPKII<X 
PIPKIIP 
MSS4 
FABl 

PIPKI a 
PIPKI p 
PIPKIICX 

PIPKIIP 
MSS4 
FABl 

PIPKI C( 

PIPKI p 
PIPKTICX 
PIPKIIP 
MSS4 
FABl 

PIPKI a 
PIPKIP 
PIP.KII<X 
PIPKIIP 
MSS4 
FABl 

PIPKI a 
PIPKI p 
PIPKII<X 
PIPKIIP 
t-1554 
FABl 

• SLKDKEE----EPLQNVPDAKRPGMQKVLYS ' SIQGPGKSAOOIIAENPD-
' l:lREPTS----NIYTQYSADTRRPAPQKALYS I>J>1ESIQGEARRGGTVETE-D--

EQEEVECEENDGEEEGESDGT---- PPDSPGNTLNSSPPLAPGEFDPN 
1• • EQEEME.VEERAEDEEC.ENI::GVGGNLLCSY PPDSPGNLLSFPRFFGPGEFDPS 

KEDDLQLADTASIE--.EQPQTQGPIR WRHFFREFE-GGIRASDQFNND 
DNEGYT-- ---------------------------------------------------

Fig.2 Identification of a novel PIP kinase 

(A) Sequence alignment of PIP kinase family members from yeast (MSS4 
and FAB1) to mammal (PIPKia- 1 1~) . Highly conserved residues are 
shown in black. Selected regions ((0/E)YCPXVFR, MDYSLLLG(I/M)) 
for designing degenerative primers used in RT-PCR are indicated by 
allows. 



=GGGC'I"''=AGlC=ccGCTTCCACT=TTGGG'rGCc=GAGATT 

ATGGCG'K:'ITCCTCCGli:CCTCCCGCCACCGCACC=GGCAGCTGGA=cc=ccG 
M A S S S V P P A T A P A A A G G P G P 

GGATTC=CTCCAAN"\CCAAGAAGAAGCATTTCGTGCAGCAGAAAGTGAAGGTG 
G F G F A S K T K K K H F V Q Q K V K V 

TTCCGGGCCGCCGACCCA=rGGGCGTG=TGTGGGGCGTCGCCCAC:rCGATCAAC 
F R A A D P L V G V F L W G V A H S I N 

GAGCl'=GGTGCCACCCCCAGTGATGC'rGCTGCCAGACGAC'M'TAAAGCCAGCTCC 
E L S Q V P P P V M L L P D D F K A S S 

AAGA1CAAGG'TCA.1\CJ\ATCACCTTTTCCATAGAGAAAA1CTTCCCAG1CATTTCAAGTTC 
K K V N N H L F H R E N L P S H F K F 

-60 

-1 

60 
20 

120 
40 

180 
60 

2 40 
80 

300 
100 

AAGGAGTATTGli:CCCAGG'rCTl'CAGGMCCTGCGAGAli:GGTT'TGCCATTGATGA'KAT 360 
K E Y C P Q V F R N L R D R F A I D D H 120 

GATT."CTTGGTGTCCCTTACTCGAAGCCCCCCAAGCGAAACCGAAGGCAGTGATGGCCGC 420 
D Y L V S L T R S P P S E T E G S D G R 140 

TTCCT!'ATCTCCTATGACCGCACTCTGG'KA'KAAAGAAGTA'KCAGTGAGGACA'KGCG 480 
F L I S Y D R T L V I K E V S S E D I A HO 

GACATGCACAGCAACCTCTCCAATTACCACCAGTACAT.~TGAAGTGTCACGGCAACACC 540 
D M H S N L S N Y H Q Y I V K C H G N T HO 

CTTCTGCCCCAGTTCCTGGGCATGTACCGGGTCAGTGTAGAAAATGAAGATAGCl'ATATG 600 
L L P Q F L G M Y R V S V E N E D S Y M 200 

CTCGTG~.TGCGCAATATGTTTAGTCACCG1CTTCCTGTGCATAGGAAGTATGACCTCAAG 660 
L V M R N 11 F S H R L P V H R K Y D L K 220 

='K'KTGGTATCCCGGGAAGCCAGCGATAAGGAAAAGGTl'AAAGAACTGCCAACACTG 720 
G S L V S R E A S D K E K V K E L P T L 240 

AAGGATATGGACTTTCTl'AACAAAAACCAGAAAGTGTATATTGG'I'GAAGMGAGAAGAAA 780 
K D M D F L N K N Q K V Y I G E E E K K HO 

GTGT'I'CCTGGAAAAGCJ'GAAGCGAGATGTGGAGTT'I'CTAGTGCAGCJ'GAAGATCATGGAC 840 
V F L E K L K R D V E F L V Q L K I M D 280 

TACAGCCT'I'CTACTGGGCATCCACGACATCA~AACCGGAGGAAGAGGGG 900 
Y S L L L G I H D I I R G S E P E E E G 300 

CCTGTGAGGGAGGAGGAGTCAGAGTGGGATGGGGACTGTAACCTGACTGGACCTCCTGCT 960 
P V R E E E S E W D G D C N L T G P P A 320 

CTGGT=CTATGGCACCTCCCCTGAGGGCATl'GGAGGCTACATl'CA=CACCGG 1020 
L V G S Y G T S P E G I G G Y I H S H R 340 

CCCCTGGGCCCAGGAGAGTl'TGAGTCCTTCATCGATGTCTATGCTATCCGGAGTGCTGAG 1080 
P L G P G E F E S F I D V Y A I R S A E HO 

=ccCAGAAGGAGGTGTATl'TCATGGGCTCATTGACATTCTAACACAGTATGATGCC U40 
G A P E G G V F H G L I D ! L T Q Y D A 380 

MGAAGAAAGCAGCTCATGCAGCCAMACCGTCAAGCATGGGGCA=GGAGATC.'TCC 1200 
K K K A A H A 1\ K T V K H G A G A E I S 400 

ACTGTCCA'KCTGAGCAGTACGCTAAGCG."T'KCTGG."TTTTATTTCCAACATCT!'TGCC 1260 
T V H P E Q Y A K R F L D F I S N I F A 420 



Fig.2 

GC'I'TAGGGGAGCTGGATTTGGCCATi'A=AAATTCAQGGTACAGGcTcCT 1380 

TCCATCCAAATACCTTIGTTCTGGCGGATAATG'JTI'TCCTGTCCCAGPACTACAC'IGTCC 14 4 0 

TI'TCTCCCCTCATCCA1'CTCTCTGCCCTCCCTC=CCAGTAAGCCCGCCTGCTTC 1500 

ATTAGAGTGTrATI'GTCAACTC1'CCTAAG'!'GCCTTGATCTTTGAAAAATACC'M"GTTTCT 1560 

GTGAATTAGGAGGAGCTGGGGGCAGGGGCGTGTT'!'GCCATC.'TTCA=CTGACTGGACG 1620 

GTGGATA=GCACGAAC'!'GCCCTGGTGCAC'l'T'mCAGTAGTATGGAAGGAACTAAATG 1680 

TGTGGG~CCfTTCTGGGGCACTTIGTGGCATGCATTGCTTCCTTCCTGGT 1740 

AAGCCCTGGAACGGAGGGCTTTCAGGACACTCCAGTGTGGGTGCAGGCATTCACGTAGGG 1800 

ACAGTCTGGCCTGGAGGTCAGGGGAATGCCAGCA=TACCTACCTCACAAGGCAGG 1860 

ACTAAGTGGACTTT'!'GCGATTATGCAGAGGATGGAGAAGGTCC'M"GTCAAGCATI'GGCTG 1920 

TTCCCATTCTCCTTCCCCACCCTAOI"ITCACCTCTTCCCATGAGTCCTGGGTGCCAGAGC 1980 

C'M"GAGGCAGAGGTGCCCAAGCTTAGGTGCAGGGAGAGCATAGAGGCTGGGAGGACAGGT 2040 

CGGAGTGCAGGGTTCATTCCCTGTGTGACACCCM'TCTTCCCGTCTACTTACTCCCAGGA 2100 

CTTCACTTCTAGCAGAGGGGAATAATAGCTCTATCTGGTCTGTCTCCATAATTTIGAGAG 2160 

GATAGCGATCTTGAGTATGGGAACCTCCCTGTCCCCAGGAGTGTATGCCTAGCACTTGCT 2220 

CCTCCTTCTCTCCACTATCCACCCCCAGAGAGGAGTCAGAGCCATAACTCAGTCACCCAG 22 8 0 

TCCCCTCCAAAGATGTACAATATCCTCAGACTAGAGAGGAACTGCTA=CTGGTAGCTC 2340 

=CTGTAAATCCAGCACTCAGGAGGCJ'GAGTCAGAATTACTCAAGGGAG'M'CAA=c 2400 

AGCCTGGCTACTGAGACCTGGTCTCAGACAACTCAAAACTA~AGCACTG 2460 

GAGACGATAGCTTAGTCGGTAG'l=ATGTACAAAGCTGGGTCCACCCACG 2520 

CCACATAAGCCAGGTGAAGCTTGGGAAAAA=TAAAGAGATCAGGATTCAGGTCACAT 2 580 

CAGTTACTGGCAGG 

( 8) eDNA and deduced amino acid sequences of novel PIPKIIy 
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------MATPGNLGSSVL
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~m. P · --SETEGS.~ILISIRTLIEVSIIIS~SIII L • · • LPNDSQARS • HTS t KRYI TIT t • E NI KK o 

• • INSDSQGRC T • LTT 1 RRF TVS I • El I ' o F P 
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S~FA GH LT 
S LT 
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(C) Sequence alignment of rat PIPKIIy with known type II isoforms from 
humans (h) and rats (r). Identical amino acids are shaded black. Rat 
PIPKII~ was cloned simultaneously from the same library. 
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kb 
9.5 
7.5 

4.4 

2.4 

1.35 

Fig.3 
Northern blot analysis of PIPKII y Northern blot 
analysis of PIPKIIy against mRNA from various 
mouse tissues. 2iJ.g of mRNA was used in each lane. 
According to the size of the eDNA cloned, the 3.5kb 
transcript may represent the full length mRNA. 
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Fig.4 
PIPKIIy is a PI5P 4-kinase 
(A) Expression of Myc-tagged PIPKII y in COS-7 cells. Whole 
lysates (left) and anti-Myc immunoprecipitates (right) from vector 
alone (vector) and Myc-PIPKII y transfected (Myc-ll y) COS-7 cells 
were immunoblotted with anti-Myc antibody. 

(B) PIP kinase activity of immunoprecipitated Myc-PIPKII y. Myc
PIPKIIy was immunoprecipitated, and washed with lysate buffer 
and then with reaction buffer for PIP kinase. The reaction was 
carried out for 1 0 min at room temperature. The resulting lipid was 
extracted and subjected to TLC. The position of PIP 2 is indicated. 
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PIP ____... 

SHIP: + 

Fig.4 

lly 

+ + 

I~ 

+ 
long exposure 

(D) Dephosphorylation of [32P]PI(4,5)P2 products with SHIP. [32P]PI(4 ,5)P2 

produced by PIPKI~ , PIPKII ~ and PIPKIIywere treated with 
immunoprecipitated Myc-SHIP at 37 "C for 60 min. The lipids were 
extracted and separated by TLC (lett) . PISP was visualized by a long 
exposure (right) . 
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Fig.5 

(E) PIP kinase activity of Myc-PIPKIIy after ClAP 
treatment. lmmunoprecipitate treated with ClAP as in 
(B), were washed with the reaction buffer for PIP 
kinase and the reaction was carried out. Results are 
representative of three independent experiments. 
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Fig.6 
Phosphorylation of PIPKIIy induced by mitogenic stimulation of 3Y1 
fibroblasts 

(A) PIPKIIy is phosphorylated in response to stimulation by serum. Rat 3Y1 
fibrob lasts were serum-starved for 48h before treatment with 10% fetal 
bovine serum for the indicated times. Cells were lysed with SDS-sample 
buffer(125mM Tris-HCI, pH6.2, 2% SDS, 0.2% 2-mercaptoethanol) and 
immunoblotted with anti-PIPKII y. 
(B) Rat 3Y1 fibroblasts were serum-starved (control), then stimulated with 
10% fetal bovine serum (serum) , 21-1M lysophosphatidic acid (LPA), 11-1-M 
bradykinin, 100ng/ml EGF, 20U/ml PDGF and 1J..1.M PMA for 10 min 
respectively . The phosphorylation level of PIPKII y was evaluated by 
Western blotting as in (A) . 
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Fig.6 

(C) Quantitative representation of (B) . Each band 
corresponding to the phosphorylated or the 
unphosphorylated form was quantified with densitometry. 
The ratio of phosphorylated form against unphosphorylated 
form was calculated. Results are representative of three 
independent experiments. 
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Fig.7 
Intracellular localization of PIPKII y 
(A) Immunofluorescence of PIPKIIy. 3Y1 fibroblasts were fixed with 3.7% 
formaldehyde and permeabilized with 0.2% TritonX-1 00. Then, the cells 
were stained with anti-PIPKII y {PIPKIIy), anti-BiP (BiP) antibody and 
rhodamine-conjugated wheat germ agglutinin (WGA) . The overlapping 
image is also presented (merge). 
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(B) Subcellular fractionation of PIPKII y in rat liver. Rat liver was subjected 
to subcellular fractionation as described in Materials and Methods. About 
20).lg of protein in each fraction (cytosol , SM(smooth microsome) , RM 
(rough microsome)) was subjected to Western blotting by anti-PIPKII y, 
anti-SiP and anti-~-tubulin antibody. 

(C) Serum-starved 3Y1 fibroblasts were stimulated with 1 OOng/ml EGF for 
10 min , then subcellular fractionation was carried out. Detection of each 
protein was done as in (B). 
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