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ABSTRACT

A partial rice (Oryza sativa L.) cDNA clone, OsPI4Klc, was isolated through screening of a cDNA
library constructed from tillering materials. OsPI4Klc encoded a peptide of 608 amino acids with a calcu-
lated molecular mass of 68.4 kDa. The OsPI4Klc peptide shared high homology and possessed the highly
conserved domains present in most isolated cloned P14-kinases, i.e. a lipid kinase unique (LKU) domain
and a catalytic (CAT) domain. A region with similarity to pleckstrin homology (PH) domain was present
in OsPI4Klc as well. Further comparison with genomic sequences in databases revealed that OsPI4Klc is
located at the 3’ end of a putative rice PI 4-kinase coding gene OsPI4K1, and its coding region corre-
sponded to the C-terminal half of OsPI4K1 protein. Twelve exons (49-562 bp in size) and 11 introns
(77-974 bp in size) were identified in OsPI4K1c. The recombinant protein expressed in Escherichia coli
phosphorylates phosphatidylinositol at the D4 position of the inositol ring. OsPI4K1 transcript levels
were detected in a low but constitutive manner in shoot, stem, leaf, spike and root tissues and did not
change upon treatment with different hormones, calcium and jasmonic acid (JA). However, treatment
with salicylic acid (SA) elevated the mRNA level of the OsPI4K1 gene, which suggested the involvement
of OsPI4KI in wounding responses.
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INTRODUCTION

Phosphoinositides have been implicated in a
vast range of cellular functions, including signal
transduction, vesicle trafficking, endocytosis and

factors, hormones and neurotransmitters can ex-
ert their physiological effects[1-4]. Sequential phos-
phorylation of the D3, D4 and D5 positions of L- -
phosphatidvl-1-D-myo-inositol (PI) yields impor-
tant signal molecules including PI 3,4-bisphosphate

cytoskeletal rearrangement, by which growth
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[P1;,P,], PI 3,4,5-trisphosphate [PI;,;P;] and PI
4,5-bisphosphate [PI ;P,] [5, 6]. P14 5P, is hydro-
lyzed by phosphoinositide-specific phospholipase C
(PI-PLC) to the cellular messengers inositol-1,4,
5-trisphosphate (IP;), a stimulator of calcium re-
lease from intracellular stores| 7], and diacylglycerol
(DAG), an activator of some protein kinase C
isoforms[8]. Up to now, many of the components
involved in PI signaling in animal cells have been
identified but relatively few in plant cells[9]. In
plants, besides their roles in calcium signalling,
phosphoinositides have been implicated in a num-
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ber of environmental stress signaling processes,
including responses to osmotic stress, light stress,
pathogen attack, and in regulating plant leaf and
flower development[10-13]. PI4P and PI P, are
known to affect the activity of several enzymes,
including the plasma membrane H*-ATPase[14]
and phospholipase D[15] and can interact with
cytoskeletal components[16]. Profilin is believed to
be involved in cytoskeleton dynamics in plant cells
through interaction with PI .5 P, and actin as it is in
animal cells[17].

The first step in the phosphorylation of PI in
many receptor-dependent phospholipase C (PLC)
and PI 3-kinase (PI3K) signaling pathways in-
volves the synthesis of PI,P catalyzed by PI 4-
kinase[18]. So it represents a potentially crucial
point of regulation of the phosphatidylinositol-de-
pendent pathways. A number of PI 4-kinases cata-
lyzing this reaction in animal and plant cells have
been characterized biochemically. Two types (type
IT and III) of the enzyme, differing in size and sen-
sitivity to detergents and adenosine, have been
identified in a wide range of tissues and cellular
compartments. These two PI4Ks differ from PISK
(originally termed as type I PI-kinase, for review
see[3]).

The first cDNA encoding functional PI 4-kinase
was isolated from Saccharomyces cerevisiae[19].
Putative PI 4-kinase clones have been identified
in Schizosaccharomyces pombe, Dictyostelium
discoideum, and Caenorhabditis elegans[20]. The
proteins encoded by these genes have now been
grouped into two distinct subfamilies, based on the
homology with the yeast PI 4-kinase ST'T4 and PIKI
[9, 20], of which the STT4 homologes have been
assigned PI4-kinaseK and the PIK1 homologes P14-
kinaseLi[5, 21-23]. Comparison of the primary
structures of these proteins has identified several
conserved domains, i.e. a catalytic domain, a lipid
kinase unique (LKU) domain and a PH domain.
Catalytic domain contained about 250 amino acid
residues and located at the C-terminal of the
proteins; LKU domain contained about 70 residues
and located varies between the different isoforms.
PH domain, which was a poorly conserved 100
amino acid motif that binds polyphosphorylated
inositol lipids and thereby targets the protein in
which it resides to the membrane[24, 25], only pre-
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sented in the larger isotorms of PI 4-kinase. It
was noted that a novel repeat domain, which was
highly charged, was presented in a 126-kDa
AtPI4K B isoform from Arabidopsis thaliana though
the function of the domain is unknown[26].

In plant cells, PI 4-kinase activity has been
detected in different tissues including plasma mem-
branes[27], cytosol[28], cytoskeleton[16] and nuclei
[29]. The PI 4-kinase activity present in the plasma
membrane of carrot cells responded to osmotic stress,
cell wall-digesting enzymes, and light[30]. Up to now,
two cDNAs, AtPI4K @ [31] and AtPI4K £26], which
encoded plant PI 4-kinase have been isolated from
A. thaliana. The encoded proteins comprised do-
mains highly similar to the LKU and catalytic (CAT)
domains of known PI 4-kinases. AtPI4K a the larger
isoform, had a PH domain and AtPI14K 5 the smaller
isoform, comprised a novel charged domain. Bio-
chemical characterization of AtPI4K @ and AtPI4K
£ has shown their capacity to phosphorylate PI to
PI4P, and the PH domain present in AtPI,K « could
bind phosphatidic acid (PA), PI4P and PI, 5 P,. Here
we report the isolation of a partial rice cDNA encod-
ing a C-terminal part of PI4K and its functional
characterization.

MATERIALS AND NETHODS

Enzymes and chemicals

Enzymes used for DNA restriction and modifications were
from Roche (Boehringer Mannheim, Germany). DNA primers
for polymerase chain reaction (PCR) were obtained from
GENECORE Biotech (Shanghai, China). [ @-3p]dCTP and [ v-
#H]ATP were obtained from Yahui Company (Beijing, China).
Phosphatidylinositol (PI) was purchased from Sigma.

Bacteria and plants

Escherichia coil strain XL-1 Blue (Stratagene) was used for
DNA cloning procedures and for library screening. Seeds of rice
(Oryza sativa L. cv. Zhonghua 11) were germinated on agar-
solid MS medium and then grown in water in a phytotron with a
12 h light (26°C) and 12 h dark (18 C) period. Two-week old
plants were grown in water supplemented with different hor-
mones and JA, CaCl,, SA to the final concentration tested (see Fig
4) for 8 h and then used for RNA extraction.

Construction of cDNA library using rice at tillering
stage as materials
mRNA, isolated from the rice tillering tissue, was reverse

transcripted to cDNA and the synthesized ds-cDNA was further
ligated into A AP II vector (EcoRI pre-digested) according to the
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manufacturer’ s instructions (Stratagene). Titer of the result-
ing cDNA library was around 10"pfu/ml.

Isolation of tile OsPI4Klic cDNA and sequence analysis

By searching for the nucleotide sequence homologous to
AtPI4Kp (Accession No. AJ002685) in the EST database, one
rice EST (locus D24350) was found. Specific primers, OsPI4KI-
1 (5'-CGCTGATGGTGGTTTATTAGAG-3") and OsPI4K1-2 (5'-
CATTGTTCCAGATGGATCAAGC-3"), were then designed ac-
cording to the EST sequence and used to isolate the positive
clones through cDNA library screening via PCR-based strategy
[32]. Positive clones acquired were converted to pBluescript’ s
derivatives using helper phage Ex-Assist according to tile
supplier’ s (Stratagene) instructions. Clone pOsPI4Klc was used
for further analyses.

DNA sequencing was done by GENECORE Biotech
(Shanghai, China).
“FASTA” and “BLAST” search program for sequence com-
parisons on DNA and amino acid sequences in GenBank™,
EMBL, dbEST, and SwissProt databases, “PILEUP” program
for sequence alignments and “BESTFIT” program for exon/
intron structure analysis, was performed with the help of the
program “SeqWeb” (Version 2.0.2, Accelrys, Inc.).

Computational analysis, including

Expression of OsPI4KlIc in E. coli and SDS-poly-
acrylamide gel electrophoresis (PAGE)

The expression vector pET32a(+) (Novagen, Germany)
was used to express the rice OsPI4Klc in E. coli. The plasmid
pET-His-PI4K was constructed as follows. The 1.8kb DNA
fragment isolated was amplified via PCR using forward (5'-
CATGCCATGGGAATGCTGGATCAGAACCAC-3', added Ncoi
site underlined; start ATG of the OsPI4Klec-coding region in italics)
and reverse (5'-CGGGATCCCTATTTCTCAATACCCTGC-3',
added BamHI site underlined) primers. The amplified fragment
was digested with Ncol and BamHI, then ligated into pET32a(+)
predigested with same restriction enzymes to produce an expres-
sion plasmid. The amplified PCR fragment in the recombined
plasmid pET-His-PI4K was sequenced to confirm that no nucle-
otide changes occurred during the PCR amplification. Trans-
formed E. coli cells (strain AD494LysDE3) were grown at 37°C in
liquid LB medium (1% bacto-tryptone, 0.5% bacto-yeast extract,
1% NaCl, pH 7.0) containing appropriate antibiotics. Expression
of recombinant OsPI4Klc was induced by addition of 1 mM (final
concentration) isopropyl-1-thio-? D-galactopyranoside (IPTG) at
an ODg, reach of 0.3, and the recombinant protein was extracted
as follows: E. coli cells, grown for 6 h, were harvest by
centrifugation, and washed once with ice-cold phosphate- buff-
ered saline (PBS, 10 mM Na,HPO,, 1.8 mM KH,PO,, 0.14 M NaClI,
2.7 mM KCI, pH 7.3). Proteins were separated on 7% SDS-poly-
acrylamide gels[33] and stained with Coomassie Blue 250. Pro-
tein concentrations were determined by the method of Lowry[34]
using bovine serum albumin as standard.

PI4-kinase activity assay
The harvested E. cog cells, after a wash in PBS buffer (see

above), were lysed by sonification in lysis buffer (containing 20
mM Tris/HCL, pH 7.4, 1 mM EDTA, 150 mMNaC1, 5 mM
dithiothreitol, 200 #m 4-(2-aminoethyl)-benzenesulfonyl fluo-
ride and 10% glycerol)[35]. Undisrupted cells were removed by
centrifugation (12,000 rpm for 10 min, Centrifuge 12043, Sigma)
and the supernatant was analyzed by SDS-PAGE, or used tot
activity measurements.

PI4-kinase activity was measured as incorporation of ra-
dioactivity from »*’p]ATP into organic solvent-extractable
material. The standard reaction mixture for PI 4-kinase (50 mM
final volume) contained 50 mM Tris/HCI, pH 7,4, 20 mM MgCl,,
1mM EGTA, 5 #m PI, 0.2% Triton X-100, 100 nM [y >?p]ATP
(>5000 Ci/mmol), and 0.2 #m of extracted protein. All assay
components except [1*?p] ATP were preincubated for 10 min at
room temperature and reactions were started by the addition of
[¥32p] ATP and terminated after 20 min by the addition of 0.8 ml
of cold chloroform/methanol/H,0O (1/2/0.8; v/v/v). The organic
solvent phase was separated from [*?p] ATP by adding 0.4 ml of
chloroform/2.4N HC1 (1/1; v/v), mixing vigorously, and spinned
for 1 min at 8,000 rpm. The upper (aqueous) phase was discarded,
and an equal volume of chloroform/methanol/HC1 (5/245/235;
v/v/v) was added to the lower phase, followed by mixing and
phase separation. An aliquot of the lower phase (30 #1) was
applied to thin-layer chromatography (TLC) plates (Silica gel 60
plates; Merck), Chromatograms were developed with a chloro-
form/methanol/concentrated NHa/H20 (45/35/2/8, v/v/v/v) sol-
vent mixture. Plates were exposed to PhosphorImager (Molecular
Dynamics, Inc., Sunnyvale, CA) overnight and then developed.

Northern blot and reverse transcription-PCR (RT-
PCR) analysis

Total rice RNA, from different tissues of water-grown rice
plants or rice shoots treated with hormones and chemicals, was
extracted using Trizol reagent (Huashun, Shanghai) according
to the manufacturer’ s instructions.

Both Northern blot and RT-PCR were employed to detect
the transcript levels of OsPI4K1 in various tissues or under
treatment with hormones and chemicals. Total RNA was quan-
titated spectrophotometrically at 260 nm. Denatured RNA (30 ug)
was loaded onto a 1.5% agarose-formaldehyde gel[36] and trans-
ferred to Hybond-N* membranes (Amersham Pharmacia Biotech)
after electrophoresis. RNA was fixed to the membrane via incu-
bation at 80°C for 2 h. A 1.5-kb DNA fragment of the OsPI14Klc
cDNA was used as [a—*P]dCTP-labeled hybridization probe.
Membranes were hybridized at 65 ‘C in 250 mM sodium phos-
phate buffer, pH 7.2, containing 7% SDS, 1% bovine serum
albumin, and 1 mM EDTA for at least 20 h. Washes were per-
formed at 65°C in 3XSSC, 0.5% SDS for 15 min and in 0.2 X
SSC, 0.5% SDS for 20 min[26]. Membranes were exposed to
PhosphorImager for 24 h at room temperature.

RT-PCR analysis was performed using a standard protocol.
The first strand of cDNA was reverse transcripted using 3 v g
total RNA as template with oligo (dT,s) as primer and products
were then used as templates for further PCR amplification us-
ing specific primers OsPI4Klc-1 and OsPI4Klc-2 (see above) in a
final volume of 20 ul containing 0.5 unit Taq polymerase (Takara,
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China), 2 #1PCR buffer, 4 nM dNTP, primers (10 pM each) and
template. PCR reaction was performed as follows: 94°C, 2 min
for denaturation; then 94°C, 45 sec, 56°C, 50 sec, 72°C, 40 sec for
30 cycles, with a final extension at 72°C for 10 min. Expression
of rice actinl gene was used as internal control with primers
actinl (5'-GAACTGGTATGGTCAAGGCTG-3') and actin2 (5'-
ACACGGAGCTCGTTGTAGAAG-3").

RESULTS

Cloning and sequence analysis of OsPI4Klc

Rice EST (locus D24350), which was identified
through a database search using A. thaliana AtPI4K
B126] as bait, was used for design of specific prim-
ers for cDNA library screening via a PCR-based

strategy. A cDNA clone, named OsPI4Klc, was
isolated and sequence analysis showed a reading
frame of 1827 nucleotides, which represented a
608-amino acid polypeptide with a calculated mo-
lecular mass of 68 kDa (Fig 1), OsPI4Klc shared
high homology to previously isolated PI4Ks and
shared the highest homology with A. thaliana
AtPI4K a. Blast search results further revealed a
rice genomic fragment harbouring the entire
OsPI4Klc coding region, present in a BAC clone
(OSJNBa0018HO01; GenBank Accession No.
ACO087181). The putative rice PI4K coding gene,
named OsPI4K1, encoded a 1889-Aa polypeptide,
indicating that the OsPI4Klc ¢cDNA fragment we

AGCTCAATTCATTTGAATTAGATAGGCAAACGGGTGGGTGGTGGAACACATCCATAACATAATACT TATGAAAGAATCAACAAT TGTAGCTACCAAAAGCTATACTTC
TCAAACTTACGGTTCATCBCATCGCACGCAAGTCAGCAACT TTGGTCATACGAACTCAGATGGACT TTACAGAT TGAAACAATCAAAATGT TAAAAGAGGAAAAACAA
ATTTCCCTCATGAGGCTCCGCTGTATCCTGAGCTGTAGCCACTGTAGCCGCCTCTCTTGGTTGTCCTGCTCTCAAAAGT TTTGCTCAGAGAGAGGCCCAATCCGTGTC
TATTTGTCCATTGTCTACAAAATGABCGCCCCAGTGGTTCTGCTGATTCTGCTCCGAAGTCACAGGGACGTGAAGETGAACCCAATATGCTGBATCAGAACCACCCTG
M L DQNHP
TGGGGCTCAGTGGATAACTATACAACTATACGGGAARAGCGTAAACAATTACTTCTTATGCTTTCTCAGAATGAGRCAGACAGACT TGAAGTGTGGGCACAACCGATA
WG6SVDNYTTVREEKREKO OLLLMLSO QNEADRLEVWK¥AOGP .
TACAAAAGATGCAGCAACATTTCETGGTAAAAT TAGCTCAGATAAATGGAT TGATCATGCCAGAACTGCTTTTGCTGTTGATCCTCGAAT TGCATTCTCAATGATTAT
TKDAATFRGEKT I SSDKMWIDHARTAFAVDPRIAFSHNIMN
GGTTTCCCACAAACTCGGCATTATCATCAGAAATTACACAATTGGTACAGACACATATAT TGGAACTCCGTACAATTCCTGAAGCATTACCCTTTTTCATCACTCCAA
FPTMNSALSSEITOLVYVOQTHILELRTAPEALPFFITPEK
GCAGTAGATGAAAATTCATCATTGTTACAGCAACTTCCACATTGGGCTCCATGCTCTGTTACACAAGCAT TGGAGTTTCTTACCCCTCCTTATAAAGGACATCCCCRT
AVDENSSLLO@OQLPHWAPGSVYTOALEFLTPPYKSE GHTPHR R
TATGGCATATGTTCTTCATGTCCTGGAGACTTACCCACCTGAGACTGTTACCTTCTTTATGCCACAGTTGGTACAGTCTCTCAGATATGATGATGATAAATTGGTTGA
M AYVLRVLETYPPETVTFFMPOLVYOSLRYDDDIKTLVE
GATACTTGCTTGGAGCTGCTCOGAGAAGTAATATATTTGCTCATATT TTAATATGGCATCTGCAGGGAGAATGTGTTCCOGATGAACCT GBGAAGGAAGCAGCTGCAC
Y LLGAARRSNIFAHILIWHLOGGET CVPDETPGEKEA AAASTFP
AAGGCCACTGCATTCCATTCCTTGCTTCCTGCCGT TAGGGAGAAAAT TGTTGACGGTTTTACTCCAGAAGCTCGTGACATGT TTGAAAGAGAGTTCGAATTTTTTGAC
KATAFHSLLPAVREEKIVDGFTPEARDMEFERETFETFFHD
GGTCACCTCGATTTCTGGTGTTCTTTTTCCTCTTCCCAAAGAAGAGCGGCGAGCGRGTATTAAAAGGGAGCTGBAGAAGAT TACTGTGCCAGGTGATGATCTGTACCT
VIsSISGEVLFPLPKEERRAGIKRETLESKITVPGDDLYL
CTACTGCAACAAACAAGTTTGTACGGGGCAT TCAAGTAGACAGTGGCATTCCTCTCCAGTCTGCTGCTAAAGTTCCAATAATGATTACTTTCAATGTGGTTGATCGTE
TATNKFVRGI!OQVDSGI!PLAQ@SAAKYPI MITFNVVDRD
GGGGACCCAAACGATGTGAAGCCACAGGCTTGCAT TTTTAAGGTTGGTGATGATTGTAGACABGATGTGCTGGCACTCCAAGT TATTGCTCTTCTAAGGGACATATTT
G DPNDVKPOQAGIFKYGDDCROQDVYLALOGVIALLPRTPDIF
AGCTGTTGGATTAAACCTTTATCTCTTCCCATATGGTGTTTTACCCACTGGACCAGAGCGAGGCATAAT TGAGGTGGTACCAAATACTCGGAGTAGAAATCAAATGGE
AV GLNLYLFPYGVYLPTGPERGI | EVVYPNTRSRNO MG G
ARACAACTGATGGTGGTTTAT TAGAGATATTTCAGCAAGACTATGGCCCTGTABGTTCACCT TCTTTCOAAGCTGTTCGCBAAATGTTCATGATCAGTAGTGCTGGAT
TPDGGLLEH'!I FQQDYGPVYESPSFEAVREMFMISSAGEG.SY
BCTGTTGCTAGCTTGCTTCTTCAGCCAAAGGATCGGCATAATGGCAATCTTCTCTTTGATAGCCACGGGAGACTAGTCCATATTGATTTTGGATTTATTTTGGAGATT
AV ASLLLOQPEKDRHNGNLLTFDSHGRLVYHIDEFE GFI I LE.]
GCCTGGAGGAAACATGGGGTTTGAAAGTGCACATTTCAAGT TAAGCCATGAGATGACTCAATTGCTTGATCCATCTGGAACAATGAAGAGTGACACTTGGAATCAGTT
PGGNMGEFESAHTFEKLSHEMTOLLDPSGT M|KSDTWNGO GEF
TGAGATTGTGTGTCAAAGGGTACCTAGCAGGAAGGAGACACATGAATGBGATTATTACTACCETTAATTTGATGGTGBACAGTGGCCTGCCT TGCTTTAGCAGGGEAG
RLCVKS®GYLAGRRHMNGIITTYNLMVDSGLPCGCFSRG®GE
CCTATCGCTAATCTGCGAAAACGTTTTCATCCAGAGATGAACGAGCGTGAGGCTGCTAATTTTATGGTCAGAACATGTETGBATGCCTACAACAAATGGACTACCECA
P1 ANLREKREFUHPEMNEREA AANFMNVRTOCVDAYNEKWMTTA
GTACGACTTGATTCAATACTTGCAGCAGGGTATTGAGAAATAGTCTATTTCTCCTTTTGTAAATGGGGBGTCGTATACATCAATTGTATGTAGCCACTAATTCTTTTA
YDLIQYLOQOG ! EKH*
TAGAATTATGTTGTTGAGCGGT TCAT TGTATGGTAAGAACGGTGATTTCAAGCGACTAACAGAGEGTGTATCAGTGTAAGT TARACAGTGCCTATTCATTTTTTTGTT
TTTTGTAAGACAGCCGAGCTAGTAATTCTATTGGATCGCATCT TACAGAACGAATGGGTCTTTGTATTGRCATGTGGATGTATTGTTATCTTCTTTTCOCGAATATGT
ACATCTTTTTCACTAAAAAAAAAAAAA
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Fig 1. Nucleotide and predicted amino acid sequences of the partial cDNA clone encoding OsPI4Klc of Oryza sativa L.
The PCR primers used to isolate tile cDNA were marked in square. The nucleotide sequence has been submitted to the
GenBank™/EMBL Data Bank with accession number AJ429217.
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isolated correspondent to the 3' end of the OsPI4K1
coding region. The computer-predicted exon/intron
structure of OsP14Klc was correct, based on the
comparison of the cDNA with genomic sequence,
which indicated the presence of 12 exons (49-562
bp in size) and 11 introns (77-974 bp in size) in
OsPI4Kle. Mapping analysis indicated that the
OsPI4K1 gene is located at the top of chrotnosome
3.

Structural organization of the OsPI4Klc peptide

The deduced OsPI4Klc peptide possessed two
regions highly homologous to the LKU and cata-
lytic (CAT) domains of known PI 4-kinases (Fig
2A). Tile LKU domain in OsPI4Klc was located
close to the N terminus and was 14-87% identical
to those from previously identified PI 4-kinases.
The C terminus of OsPI4Klc contained the puta-
tive CAT domain, which was 36-86% identical to
the corresponding domains from other PI 4-kinases.
In addition, the OsPI4Klc peptide has a domain,
which is highly homologous with PH domain of A.
thaliana AtPI4K? a domain that characterizes
members of subfamily 1.2 (Fig 2B). These data in-
dicated that OsPI4K1 represented a new member
of the subfamily 1.2 of PI 4-kinases, with a struc-
ture resembling most closely that of the yeast ST'T4
protein. In general, OsPI4K1 was most closely re-
lated to the PI 4-kinase of A. thaliana encoded by
AtPI4K? with 79% identical and 88% similar
amino acid residues.

Expression of recombinant OsPI4K1 c proteins

in vitro and kinase activity assay
Based on the presence of LKU and CAT
domain in OsPI4Klc, recombinant OsP14Klc was
expressed with a polyhistidine tag at its N termi-
nus in E. cob to investigate whether OsPI4Klc has
PI 4-kinase activity. As shown in Fig 3A, a clear
band appeared in the bacteria crude extract after
induction with IPTG for 6 h (lane 2 and 3). Tile
molecular mass of the recombinant OsPI4Klc pro-
tein was estimated to be 67-70 kDa, which closely
agrees with the calculated molecular mass of 68
kDa. The induced recombinant protein was further
assayed for enzyme activity in vitro. After incuba-
tion in the presence of PI, the substrate of PI 4-

kinase, recombinant OsPI4Klc yielded a phospho-
lipid product on TLC plates, which co-

A

OSPMK!  —oooomoomomooooeoee T —
AtP14Ka 1 [
AtPI4KB I =
Pl4Ko T —
NtPI4K (T
HuPI14K C [
D Lipid kinase unique (LKU) domain
. Pleckstrin homology (PH) domain
. Catalytic (Cat) doamain W 100aa
OsPI4K1l : 30
AtPI4Ka : 30
HuPI4K 30
OsPI4K1l : 59
AtPI4Ka : 59
HuPI4K 59
OsPI4K1 : 89
AtPI4Ka : 89
HuPI4K 89
OsPI4K1 : 119
AtPI4Ka : 119
HuPI4K 119

OsPI4K1l : A i : 130
AtPI4Ka : =3¢ i : 130
HuPI4K : Kg=woAng : 130

Fig 2. Structural organization of O. sativa PI 4-kinase I
(OsPI4K1). A. Domain orgaafizations present in OsPI4K1, in
comparison with selected PI 4-kinases. Accession numbers
are as follows: AtPI4K £ (A. thaliana), AF035936; AtPI4K?
(A. thaliana), AJ002685; PI4Kc ¢ (human), L36151; NtPI4K
(rat), D84667; HuPI4K (human), AF012872.

B. Multiple amino acid sequence alignment of the (putative)
PH domain.
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chromatographed with authentic P1,P (Fig 3B), and
the 32P in the chloroform phase was incorporated
into PI,P only. These results showed that OsPI4Klc

A

1 2 3 4 5
-
97 kDa - e |
- =
R
-
- i—— .
s -
- - =
B
1 2 3
e S
- - =

Fig 3. In vitro expression of OsPI4Klc and PI4K activity
measurement of recombinant protein

A. Crude extract of E. coli cell after induction with 1 mM IPTG
for 6 h was separated on 10% SDS-PAGE gel. Lanel, protein
marker; Lane 2-5, protein crude extract from E. coli cells
harbouring different constructs: lane 2 and 3, two indepen-
dent induction of OsPI4Klc fused to a His-tag; lane 4, mock
vector; lane 5, a His-tag fusion plant protein unrelated to
OsPI4K1. 100 g amount of total protein was loaded in lane
2 and 5; 40 #g amount of total protein was loaded in lane 3
and 4. Arrow showed the production of recombinant
OsPI4Klec. B. Analysis Of product produced by OsPI4Klc
expressed in E. coli. Aliquots of PI4K assay mixtures were
analyzed by TLC as described in Section 2. The same amount
(0.2 u#g) of total protein was used for each assay. Lane 1, the
control protein from E. cob cells; lane 2 and 3, crude protein
extract from E. coli ceils with independent induction. Arrow
showed the production of PI4P, the product of PI 4-kinase.

indeed encodes a peptide with PI 4-kinase activity.

OsPI4K1 is constitutively expressed in various tis-
sues at a low level and is up-regulated by salicylic
acid (SA)

A 1.5 kb cDNA fragment of OsPI4Klc was used
as hybridization probe to detect OsPI4K1 tran-
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script levels via Northern blot analysis. As shown in
Fig 4A top, a single band of similar intensity was
detected in various tissues including roots, shoots,
stems, leaves and spike tissues, which indicated a
constitutive expression of OsPI4K1, however, the
faint signals in Northern blot analysis revealed a
relative lower level of OsPI4K1 in various tissues.
Quantitative reverse transcription PCR was then
employed and an identical result was obtained (Fig
4A bottom). Treatment with hormones including
auxin, cytokinine, gibberellin (GA), abscisic acid
(ABA), brassinosteroid (BR), jasmonic acid and

A
Root Shool Stem Leaf Spike
P OsP14K1
¥
B

C.K. ABABR CaCl KT GA IAA MJ SA

OsPI4KA1

PN WY RFY rn

OsPI4K1

Actin

Fig 4. Expression analysis of OsPI4K1.

A. Expression pattern of OsPI4K1 in rice various tissues; B.
Expression pattern of OsPI4K1 under treatment with plant
hormones and salts. Northern blot (up) and RT-PCR (bottom)
were carried out to detect the transcript of OsPI4K1. Rice
actin was used as internal control as given in “material and
method” OsPI4K1 transcript levels were tested in various
tissues of rice. Roots and shoots were collected from 2-week-
old plants grown in water, and stems, leaves and spikes were
from 7-week-old plants grown on soil. For the hormones and
chemicals treatments, rice seedlings were grown in water for
2 weeks. Then the water was supplemented with one of the
following compounds with final concentrations as indicated:
abscisic acid (ABA; 10 #M); brassinosteroid (BR; 1 #M);
CaCl, (56 mM); kinetin (100 pM); gibberellic acid (GA3; 100
pM); indole aceticacid (IAA; 10 # M); jasmonic acid (JA; 100
1 M); salicylic acid (200 # M). No additional compounds were
added in the case of control experiments. After 8 h the shoots
of rice were harvested and frozen in liquid nitrogen prior to
RNA isolation.
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salts including sodium (NaCl) and calcium (CaCl,)
had no effect on OsPI4K1 mRNA levels, while sali-
cylic acid (SA) obviously increases the OsPI4K1
transcript level (Fig 4B).

DISCUSSION

In spite of a wide range of subcellular loca-
tions reported, only two genes encoding plant PI
4-kinase have been cloned[5, 37]. Both genes were
isolated from A. thaliana, in which one encoded a
polypeptide of 205 kDa (AtPI4K ¢ [38] and the
other encoded a polypeptide of 126 kDa (AtPI4K £
[26]. The OsPI4Klc reported in this study is the
third cDNA encoding PI 4-kinase from plants and
the first one in monocots. The OsPI4K1 polypep-
tide is highly homologous to C-terminus of AtPI4K

a (79% identical amino acids), and has a relatively
low similarity to the other known plant isoform
AtPI4K 5 (41% identity). According to the annota-
tion of the released rice nuclear genome sequence,
the OsPI4K1 gene encodes a protein of 1889 amino
acids. The polypeptide encoded by OsPI4Kle con-
tains all the conserved domains of PI4Ks includ-
ing the CAT domain, the LKU domain, and the PH
domain located between the CAT and LKU
domains. The domain arrangement in OsPI4K1
resembles that of members of subfamily 1.2 of PI
4-kinases, which indicate that OsP14K1 is a new
member of subfamily 1.2. It has been shown that
AtPI4K ¢ by binding phosphoinositides at its PH
domain, could be involved in the regulation of ac-
tin polymerization. It appears, thus, likely that the
PH domain of type 1.2 PI 4-kinases is not respon-
sible for substrate binding. Consequently, it is pos-
sible that substrate binding in PI 4-kinases is con-
trolled by the LKU domain or a domain conserved
structurally but not at the sequence level.

The recombinant protein expressed in E. coli
phosphorylates phosphatidylinositol exclusively at the
D4 position of the inositol ring. This result  indi-
cates that the C-terminal part of PI4K is sufficient,
at least in vitro, for performing its catalytic activity
though the function of the N-terminus, i.e. approxi-
mately two thirds of the total protein, is still obscure.
However, the research done by Gehrmann et al[39]
showed that proteins expressed either in E. coli or
in eukaryotic cells containing only the highly con-
served catalytic core of about 260 amino acids (28

kDa) or additional extensions towards the N-termi-
nus up to 68 kDa were inactive. The cause of the
difference of the results might be the diversity of
genes from various species, or more likely, the pres-
ence of LKU domain in OsPI4Klc. One can may
assume that the weakly conserved N-terminal part of
the protein is important for stabilizing its structural
configuration but not for substrate binding and cata-
lytic activity.

In plant cells, PI 4-kinase activity is associated
with the plasma membrane, nucleus,
endomembranes, cytosol and the cytoskeleton[38].
This wide distribution in subcellular compartments
implies that distinct pools of PI4P are targeted dif-
ferentially to or synthesized in these subcellular com-
partments and might perform distinct physiological
roles[38]. In higher plant cells the level of PI4P is
up to 35-fold higher than that of PI,;P,[10, 40],
while in animal cells these phosphoinositides usu-
ally are present in approximately equal amounts. This
feature may reflect a more central role of PI,P than
PI,; P, in plant phosphoinositide-dependent pro-
cesses compared with animal cells, in which the clas-
sical signal transduction pathway involving hydrolysis
of PI, 5P, catalyzed by phospholipase C perhaps is
predominant[41]. Northern blot analysis showed
that OsPI4K1 is constitutively expressed in various
tissues, which may indicate an essential role of
OsPI4K1 in rice growth and development. Previous
studies have shown that the phosphatidylinositol sig-
naling pathway is involved in many developmental
processes[12, 13]. Hormone treatment and various
environmental factors including salt and drought
stress, as well as a hypersensitive reaction (HR) can
stimulate the metabolism of phosphoinositides[42, 43]
showed that salicylic acid probably acts through the
phosphoinositide signal transduction system in
cucumber. No change of OsPI4K1 expression under
treatment with different plant hormones and chemi-
cals indicated that the regulation by plant hormones
and salt, Ca®* of phosphatidylinositol signaling path-
way didnf# occurred in PI 4-kinase step. The strong
induction of OsPI4K1 mRNA levels by salicylic acid
suggested that, besides a function in the rearrange-
ment of the cell cytoskeleton, the enzyme may be in-
volved in the wound response in plant cells.
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