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Cloning of Phosphoinositide 3-kinase y cDNA

from Flounder (Paralichthys olivaceus)

Joo Yeon Youn

Department of Microbiology, The Graduate School,

Pukvong Nattonal University

ABSTRACT

Phosphoinositide 3-kinase (PI3K) plays a central role in cell
signaling and leads to cell proliferation, survival, motility,
exocytosis, and cvtoskeletal rearrangements as wall as specialized
cell responses, superoxide production, and cardiac myocyte growth.
PI3K is made up with three classes and the type I PI3K 1s
preferentially expressed in leukocytes and activated by By subunits
of heterotrimeric G-proteins. In the present study, the c¢DNAs
encoding PI3Ky gene was isolated from a brain ¢cDNA library

constructed with the flounder (Paralichthys olivaceus). The



nucleotide sequence of the isolated PI3Ky was 1341bp long,
encoding 447 amino acids. The sequence of flounder PI3Ky shares
89.6%, 84.7%, 84%, and 74.9% identities with that of zebrafish
{(Danio rerio), mouse (Mus musculus), Norway rat (Rattus
norvegicu), and human (Homo sapiens), respectively. In order to
determine the tissue distribution of PI3Ky in flounder tissues, the
reverse transcription polymerase chain reaction (RT-PCR) was used,
and the expression was detected in the brain, liver, and kidney

tissues.



INTRODUCTION

Phosphoinositides were recognized early as precursors for
second messengers in cell surface receptor-coupled signal
transduction pathways. Phosphoinositide 3-kinasse (PI3K) catalyzes
the addition of a phosphate molecule to the three positions of the
inosito!l ring of phosphoinositides (Ptdins), producing four different
lipid products: the singly phosphorylated form PtdIns-3-P, the
doubly phosphorylated forms PtdIns-3.4-P, and PtdIns-3,5-P;, and
the triply phosphorylated form PtdIns-3.4,5-Ps (Foster et al, 2003).

There are multiple isoforms of PI3K in mammalian cells and
these are subdivided into three main classes on the basis of their
structures, in vitro substrate specificity, and mode of regulation
(Vanhaesebroeck et al/., 1997, Rameh and Cantley, 1999). Classl
PI3Ks comprise a pl10 catalytic subunit and a regulatory adapter
subunit. Classll PI3Ks are large (170-200 kDa) proteins that have a
catalytic domain that is 45-50% homologous to classl PI3Ks.
ClassIIl PI3Ks are typified by the yeast protein (Ellson et al., 2002).
Classl PI3Ks have been the major focus of PI3Ks studies because
these isoforms are generally coupled to extracellular stimuli. Classl
PI3Ks are activaied by a variety of extracellular stimuli and have

been linked to an incredibly diverse set of key cellular functions,



including cell cycle progression, cell growth, cell proliferation, cell
motility, cell differentiation, cell survival and intracellular
trafficking (Coelho and Leevers, 2000; Cantrell, 2001; see Figure 1).
The emerging links between PI3-kinase activity and many human
maladies, including allergy, inflammation, heart disease and cancer,
has made them the focus of intense study, and inhibitors of these
enzymes are considered potential therapeutic agents.

Classl PI3K is a heterodimeric complex, comprising a pl10
catalytic subunit, of which there are four characterized isoforms(a,
B. v, and 8). Classl PI3K is subdivide into classlA and IB. TypelA
PI3Ks, pl10a, pl10B, and pl1106, shared with 42-58% amino acid
sequence identity and associated with the p85 family of regulatory
subunit, but typelB PI3Ks, P110y, binds to a pl01 adaptor molecule.
Whereas classlA PI3Ks are activated by interaction with tyrosine-
phosphorylated molecules, classIB pi10y (PI3Ky) is activated by
engagement of heterotrimeric GTP-binding protein (G pretein)-
coupled receptors (GPCR). PI3Ky is preferentially expressed in
leukocytes (Fry, 2001;Roymanns and Slegers, 2001). PI3Ky is
activated by Py subunits of heterotrimeric G-proteins, which thus
link seven transmembrane (7TM) helix receptor activation to
phosphatidylinositol(3,4,5)-trisphosphate production (Hazeki et al.,

1998; Hirsch et al., 2000). PI3Ky controls thymocyte survial and
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activation of mature T cells but has no role in the development or
function of B cells. PI3Ky links GPCR stimulation to the formation
of phosphatidylinositol 3.4,5-triphosphate and the activation of
protein kinase B, ribosomal protein S6 kinase, and extracellular
signal-regulated kinase 1 and 2 (Pirola and Wymann, 1998; Sasaki
et al., 2000). Thus, PI3Ky regulates thymocyte development, T cell
activation, neutrophil migration, and the oxidative burst.

Recent studied in mice lacking functional PI3Ky showed that
PI3Ky plays a key role as a modulator of inflammation (Bourne er
al.. 2000) and allergy, and also in the regulation of cardiac
contractility (Hawkins ef al., 2002; Hirsch ef al., 2000; Naga Prasad
et al., 2003;).

Elucidation of the structural diversity of PI3Ky in recent years
by molecular cloning of cDNAs and genes from various species has
provided insight into their functions. PI3Ky ¢cDNA genes have been
cloned from Mus musculus (Altruda, 2000), Rattus norvegicu(Aksoy,
1999), Danio rerio (Montero, 2003), and Homo sapiens(Stoyanov,
1995). However, knowledge of the molecular structure of PI3Ky in
marine fishes is extremely limited. In addition, the nature of PI3Ky
in these fish and their roles in the control of the PtdIns signaling

pathways is still unclear.



The flounder (Paralichthys olivaceus), one of the most evolved
teleosts, is a commercially important marine aquaculture species in
Korea and has been the object of studies on various functional genes
at the molecular level (Cho et al., 1999; Kim and Kim 1999; Cho
and Kim, 2002). In the present study, it is focused on the isolation
of ¢cDNA encoding the flounder PI3Ky and characterization of the
cloned gene. These data will provide a base of knowledge for the
PI3Ky gene at the molecular level and the functional diversity of

PI3Ky.
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EXPERIMENTAL PROCEDURES

MATERIALS

Bacterial strains

The E. coli strain XL1-Blue (F'::Tni0 prod'B" lacl! A(lacZ)
Ml15/recAl endAl gyrdA96 (Nal') thi hsdR17 (ri my' ) supE44 reldl
lac) was used for transformation and color selection. The E. coli
strain BL21 (DE3) codon plus [F ompT hsdS{(rg mg ) dcm gal
Tet" MDE3) endA Hte (argl ileY leuW Cam")] was used for the

overexpression of flounder PI3Ky gene.

Fish tissues

The brain, liver, and kidney tissues were obtained from mature
flounder (n=10; size: 4510 cm, body weight; 900300 g; 3years

old) and stored at -70 C until use.



Enzymes

Restriction enzymes were purchased from Promega (U.S.A.).
Taq polymerase and Reverse Transcriptase were obtained from
Bioneer (Taejeon, Korea). Sequencing ready reaction kit (ABI

Prism™ dye terminator) was purchased from Perkin Elmer (U.S.A.).

Oligonucleotide primers

The primers for PI3Ky cloning were designed from the base on
the conserved sequences from known PI3Ky sequences and
synthesized from GenoTech (Tajeon, Korea). The oligonucleotide

primers used for this study were summarized in Table 1.

Other Materials

pGEM-T Easy vector (Promega, U.S.A.) was used for ligation
ot the PCR fragments. pET-44a expression vector (Invitrogen,
U.S.A.) was used for expression. DIG labeling and detection kit

were purchased from Boehringer Mannheim. Nitro blue tetrazolium



chloride (NBT) and 5-bromo-4-chloro-3-indolyl phosphate (BCIP)
for alkaline phosphatease color developing solutions were
purchased from Bio-Rad. Protein low and prestained molecular
weight markers were obtained from Fermentas (U.S.A.). TRlzol
reagent for total RNA isolation was purchased from
Invitrogen(U.S.A.). Other chemicals were purchased trom Fluka

(U.S.A.) and Sigma (U.S.A.).

10



Table 1. Oligonucleotide primers used for this study

Primer Sequence Remark
Forward primer
PBKF  Y-GACCTTCCTGGTGCGGGACG-3' for RT-PCR
Reverse primer
PI3BKR  5-CGTTCTTGATTCCCAGCCA-3' for RT-PCR
Forward primer
PIBKN  5-CATATGCAGCTAACGGAGAGCGC-3' for expression
Reverse primer
PBKX  5-CTCGAGTCTGCGTCCGGAGG-3' for expression
Forward primer for
PI3KEl - ACACTTGCAACACACACG -3 preparation of probe
Reverse primer
Pi3kr1 - TAATACGACTCATAGGGC - 3 for preparation of

probe

11



METHODS

Isolation of RNA

Total RNA from flounder brain, liver, and kidney tissues were
isolated using total RNA isolation kit (Promega). Each of fresh
flounder tissues (100mg) was homogenized in 1ml denaturation
reagent using a power driven homogenizer (Pyrex). The sample was
kept on room temperature for 5 min and 100ul of chloroform and
100ul of phenol was added and vigorous shaked for 15 sec. Then,
the sample was kept on room temperature for 3min and centrifuged
for 15 min at 12,000 rpm. The aqueous phase was carefully
transferred to a new tube, and 0.5 volume of isopropanol was added
to it and mixed by inverting several times. After that, RNA Track™
resin (0.05v/v) was added, vortexed for 30 sec, and spun for 1 min.
The pellet was washed twice with 300ul of 75% ethanol, dried
briefly, resuspended in 0.1 volume for diethyl pyrocarbonate
(DEPC) treated water, and centrifuged for 2 min at 13,000 rpm.
Supernatant was transferred to a new tube. Poly(A) RNA was

™
k

isolated using a Micro-Fast Trac 2.0 Kit (Invitrogen). Ten ul

(500ug) of purified poly(A) RNA was aliquoted to a new



microcentrifuge tube and 1ml of Micro-Fast Track™ 2.0 lysis
buffer was added.

Then, the mixture was heated up to 65°C for 5min and placed
immediately on ice for Smin. Sixty-three pl of 5M NaCl was added,
and missed well with isolated with a method described in Micro-
Fast Track™ 2.0 Kit manual. The quantity of total RNA and

poly(A) RNA were determined spectrophotometrically.

Construction of flounder ¢cDNA library

The complementary DNA (¢DNA) library was constructed
using a ZAP-cDNA Synthesis Kit (Stratagene). Conserved
nucleotide sequences of PI3K among the vertebrate species were
determined using NCBI (National Center for Biotechnology
Information) nucleotide and protein sequence database and used for
the designing of oligonucleotide primers for screening PI3K were
synthesized from GenoTech (Taejeon, Korea). PCR was carried out
using a pair of the 'PI3KFI' and 'PI3KR1’ primers (see Table 1).
The main PCR reaction was 94C for 30 sec, 52°C for 30 sec, and
72°C for lmin 30sec in a 30 cycle reaction. Probe for screening

PI3K was labeled with a DIG (digoxigenin) oligonucleotide 3'-end

13



labeling kit (Roche). DIG labeled probes were quantified and used
for the immnoscreening procedure. Approximately, 1x10° plaques
from the c¢cDNA library were screened with above probes and
isolated several positive plaques. These plaques were recovered and
further confirmed by the second screening. Positive plaques were
recovered from the second screening and the phagemid containing
the insert was excised according to the manufacturer's instructions

(Stratagene).

Plasmid DNA purification and Sequencing

Plasmid DNA was purified using Wizard® Plus SV minipreps
DNA  purification system (Promega). Sequencing reaction was
performed using an ABI Prism'™ DNA sequencing kit and an
ABI377 Genetic Analyzer (Perkin Elmer). Sequencing reaction
mixture (4ul of big dye ready reaction mixture, 500ng of template
DNA, 3.2 pmole of primer, and water to 20ul volume) was prepared
and placed into a thermal cycler. Thermal cycling with 25 cycle of
program (96C 10 sec, 50°C 5 sec. 60°C 4 min) was performed.
After that, reaction mixture was precipitated with ethanol and

dissolved in 20ul TSR (template suppressing reagent) following

14



with 2 min incubation at 95C, cooled down on ice and DNA
sequence was analyzed using ABI377 sequencing analyzer.
Nucleotide and its deduced protein sequences were analyzed using

the EMBL and Genbank databases.

Reverse transcription polymerase chain reaction (RT-PCR)

In order to perform RT-PCR, total RNA was isolated from
brain, liver, and kidney from mature flounder (n=10; size: 45+10
cm, body weight; 900£300 g; 3years old). The RT-PCR was
performed wusing Bioneer's RT-PCR system. The reaction
components were set up for Master mix | and Master 2. Master mix
1 contained temple RNA, 50 pmol of primer, and DEPC-water. The
sample was incubated for 10 min at 65C and cooled down on ice.

Master mix 2 consisted of 5X RT-PCR buffer, 2.5 mM dNTP

mixture, 100 mM DTT, RNase inhibitor, and MMLV RTase. Mix 1
and mix 2 were added to a 0.2l tube. The sample was placed in a
thermocycler (GeneAmp PCR system 2400, Perkin Elmer) and
incubated for 1 hr at 42°C for reverse transcription followed by
thermocycling. The temperature profile of PI3Ky was on

prereaction at 94°C for 5 min and 30 cycling reaction with 94°C



40 sec denaturation, 56 C for 30 sec annealing, 72°C for 1 min,
and finally 7 min extension at 72°C. After reaction, 15ul of RT-

PCR product was analyzed with 1% agarose gel electrophoresis.

Expression of flounder PI3Ky gene in E.coli

PI3Ky gene was amplified by PCR using a pair of
oligonucleotide (Table 1). PCR product was ligated into pGEM-T
vector and the resulting plasmid was digested with Ndel and Xho!
restriction enzymes. Then, the excised fragment was ligated into
pET44-a(+) vector. The resulting plasmid containing PI3Ky gene
was named pET-44a-PI3K. The Plasmid was transformed into the
competent k. coli strain BL21 (DE3) codon plus. The cell harboring
a plasmid that containing PI3Ky gene was cultured overnight in
10ml of LB/amp (containing 50pug/ul ampicillin) broth at 37°C in
shaking incubator. The cell was induced by adding IPTG
(Isopropyl-B-D-Thiogalactopyranoside) to a final concentration of

ImM at mid-log growth (ODgyp=0.5).

16



Analysis of expressed protein on SDS-PAGE

At various induction periods, Iml of the culture was
microcentrifuged at 13,000 rpm for 1 min at room temperature and
supernatant was removed by aspiration. Each pellet was
resuspended in 100pl of 2XSDS-sample loading buffer (0.5M Tris-
HCl pH 6.8, 10% Glycerol, 20% SDS, B-mercaptoethnol, distilled
water, 0.05% (w/v) bromophenol blue) and heated at 100°C for 3
min. The sample was centrifuged 13,000 rpm for 1 min at room
temperature, and stored on ice until all of the samples collected and
ready to load on a gel. Samples (20ul) were loaded on a 12% SDS-
PAGE (10% seperating gel, pH 8.8 overlayed 4% stacking gel, pH
6.8). Electrophoresis was performed at 50V for 3h. The gel was
stained with coomassie brilliant blue and destained with destaing

solution (7% acetic acid, 15% methanol).

Western blot analysis

After total proteins containing PI3Kvy-His protein were

seperated on a 12% SDS-acrylamide gel electrophoresis, the gel was

transferred onto a nitrocellulose membrane by a semi-dry method.



The blot was incubated for lh with 3% gelatin in TTBS (20 mM
Tris-Cl, pH 7.4, 0.5 M NaCl, 2.5 mM KCI, 0.1% Tween-20) and
then rinsed with TTBS. Subsequently, a polyclonal antibody against
goat anti-6-histidine (diluted 1:10000) was added and incubated for
lhr at room temperature. After three washes with TTBS, the
membrane was incubated with anti-goat antibody conjugated with
alkaline phosphatase (Sigma: diluted 1:10000 in TTBS containing
1% gelatin) at room temperature for 30min. The membrane was then
rinsed three times with TTBS and developed at room temperature in
a developing buffer (15mg of Nitro Blue Tetrazolium; 0.7% N, N-
dimethylformamide; 30mg of 5-bromo-4-chloro-3indolyl phosphate
per 100ml; TmM MgCl; and 100mM NaHCO;, pH 9.8).

18



RESULTS

Nucleotide sequences of flounder PI3Ky

The PI3Ky gene of flounder was isolated using polymerase chain
reaction (PCR) from the flounder brain cDNA library. PCR products
were cloned into T vector. Cloned DNA was purified and sequenced
with automatic DNA sequencer using ABI Prism DNA sequencing
kit.

Figure 2 shows the nucleotide sequenced of the complete cDNA
encoding the flounder PI3Ky gene (GeneBank accession number
AY514674) and its deduced amino acid sequence. Sequence of
cloned PI3Ky was analyzed with Blast program of NCBI (National
Center for Biotechnology Information). The flounder PI3Ky gene
contains a 1744 bp including an open reading frame and encoding a
447-amino-acid protein. The cDNA consists of a 86 bp of 5'-UTR
(untranslated region), a 1341 bp of coding region, and a 314 bp of
3'-UTR. followed by a poly (A) sequence. As shown in Figure 2,
the flounder PI3Ky cDNA clone contains an in-frame termination

codon (TGA) at bases 1431-1434.

19
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Figure 2. Nucleotide and deduced amino acid sequences of the cDNA

encoding flounder PI3Ky gene. The nucletide sequence is numbered to the

left and the amino acid to the right.
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Sequence identity and Phylogenetic tree

-

Figure 3 shows an alignment of the amino acid sequences of
the flounder and other PI3Ky. The PI3Ky proteins were compared
using the Blast protein database (NCBI).

The flounder PI3Ky have a high sequence similarity in amino acid
residues with other species. The deduced flounder amino acid
sequence was about 8§9.6%, 84.7%, 84%. and 74.9% identical with
PI3Ky of zebrafish (Danio rerio), mouse {Mus musculus), Norway
rat (Rattus norvegicu), and human (Homo sapiens). respectively.

A molecular phylognentic tree was constructed to analyze the
evolutionary relation ships of the PI3Ky protein (Figure 4). It shows
the evolutionary divergence of the PI3Ky genes of zebrafish,
flounder, mouse, Norway rat, and human. The flounder PI3Ky
protein was more closely related to the zebrafish PI3Ky than to the

human one as reflected in the sequence identity (89.6% vs 74.9%).
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Flounder (1) MQLTESAMLEDALPPK--PAKPQQPSSVGVG

Mus musculus (1) NYNTYWSMDRDDADWREVMMPYSTELIFYIENDP---PALPPKPPEPNTP
Rattus norvegicu (1) NYNTVKSMDRDDADWREVMMPYSTELIFYIEMDP---PALPPRPPKPVTS
Danio rerio (1)  MYNTVWNTEKEDDDWRDVMMPYSTELIFYIENDQP-~PALPPKPTKPNTP
Homo sapiens (1) MHNLQTLPPKPPKPTEV
* *

Flounder (30) GGGGSNNGAKDGGAGGSLQDAEWYWGDISREEVNDKLRDHPDGTFLVRDA
Mus musculus (48) AVT---NGMKDSFIS--LQDAEWYWGDISREEVNDKLRDMPDGTFLVRDA
Rattus norvegicu (48) AVT---NGMKDCFVS--LQDAEWYWGDISREEVNDKLRDMPDGTFLVRDA
Danio rerio (49) VNG-~--NGVKEAASG-SLQEAEWYWGDISREEVNDKLRDMPDGTFLVRDA
Homo sapiens (18) ANN----~-~GMNNNMSLQDAEWYWGDISREEVNERLRDTADGTFLVRDA
KAk AR kR Ak hkhhkhh ARk kRkkk

Flounder (80) STKMQGDYTLTLRKGGNNELIKIYHRDGKYGFSDPLTFSSVVELISHYRH
Mus musculus (93}  STKMQGDYTLTLRKGGNNKLIKIYHRDGKYGFSEPLTFTSVVELINHYHH
Rattus norvegicu (93) STKMQGDYTLTLREGGNNRLIKIYHRDGNYGFSEPLTFNSVVELINHYHH
Danio rerio (95} STKMQGDYTLTLREGGNNRLIKIYHRDGKYGFSDPLTFNSVVELISHYRH
Homo sapiens (61} STRMHGDYTLTLRKGGNNKLIKIFHRDGKYGFSDPLTFSSVVELINHYRN

AHkE RRAKRXARRRAAARAAAR Khkrdhhdh dhhkk dhkbrin *k

Flounder (130) ESLAQYNTKLDVRKLMYPISRFQQDQLVKEDNIDAVGKRLQEYHNQYQEKS
Mus musculus {143) ESLAQYNPRLDVKLTYPVSRFQQDQLVKEDNIDAVGRNLQEFHSQYQEKS
Rattus norvegicu (143} ESLAQYNPRLDVKLNYPVSRYQGDQLVKEDNIDAVGENLQEFHSQYQEKS
Danio rerio {145) ESLAQYNTKLDVKLNYPVSRYQQDQLVKEDNIDAVGRRLQEYHNQYQEKS
Howo sapiens (111) ESLRQYKPRLDVKLLYPVSKYQQDQVVKEDN IEAVGRELHEYNTQFQEKS
kR kddk dhkkdkdkk dkk ok dkkdk khkkhhhk kkk * & * hkhk

Flounder {(180) REYDRLYEEYTKTSQEIQMKRTAIEAFNETIKIFEEQCHTQERYSEDYIE
Nus susculus (193} KEYDRLYEEYTRTSQEIQNKRTAIEAFNETIKIFEEQCHTQEQHSKDYIE
Rattus norvegicu (193) KEYDRLYEEYTRTSQEIQMKRTAIEAFNETIKIFEEQCHTQEQHSEDYIE
Danio rerio (195) KEYDRLYEEHTETSQEIQWRRTAIEAFNETIRIFEEQCHTQERYSKEYIE
Homo sapiens (161) REYDRLYEEYTRTSQEIQMRRTAIEAFNETIKIFEEQCQTQERYSKEYIE

hhkkhkkAhAhk Kk AAKAAAAARAAkhkhkhdhkhdhhkid KAk *k Rwx

Figure 3. Multiple alignment of the predicted flounder PI3Ky amino acid
sequence with other species. The known PI3Ky protein sequences were
taken from GenBank. Amino acid residues that are identical in the PI3Ky

proteins are marked with shade.



Flounder {230) RFRREGNDRETERIMMNYEELRSRLGETHDSKVRLEQDLETQAMDNRETD

Mus musculus {243) RFRREGNEKEIERTMMNYDRLESRLGEIHDSKLRLEQDLRRQALDNREID
Rattus norvegicu {243) RFRREGNEKEIERIMMNYDKLKSRLGEIHDSKVRLEQDLRKQALDNREID
Danio rerio {245) RFRREGNDKEIERIMMNYERLKSRLGEIHDSKTRLEQDLKTQALDNRETD
Homo sapiens (211) KFKREGNEREIQRIMHNYDRLKSRISEIIDSRRRLEEDLEKQAREYREID
* kkdkk Rk hkhk kx AwhkRn xk Ak dkk dkk Xk x*k *
Flounder {280) KKMNSLKPDLIQLREIRDQYL.VWLNHKGVRQKRINDWLGIKNEN-TDEYF
Mus musculus (293)  KKMNSIKPDLIQLRKIRDQHLVWLNHRGVRQRRLNAWLGIKNEDSDESYF
Rattus norvegicu (293)  RKMNSIKPDLIQLRKIRDQHLVWLNHRGVRQRRLNAWLGIKSEDTDESYF
Danio rerio (295) REKMNSLKPDLIQLRKIRDQYLVWLNHKGVRQKRINDWLGLKNETTDDAYF
Homo sapiens (261)  KRMNSIRPDLIQLRKTRDQYLMWLTQKGVRQKKLNEWLGN-ENTEDQYS
* Khkk KAAEXATERLTLE Ak w X k2t 2 de ke * *
Flounder {329) VTEEGENLPHCDEKSWFVGDLNRVQSEELLLGKPDGAFLIRESSKEGCYA
Mus musculus (343} INEEDENLPHYDEKTWFVEDINRVQAEDLLYGKPDGAFLIRESSKRGCYA
Rattus norvegicu (343} INEDDESLPHYDEKTWFVEDVNRVQAEDLLYGKPDGAFLIRESSKKGCYA
Danio rerio (345) VSEEDENLPHYDERSWFVGDLNRTQSEDLLHGKPDGAFLIRESSRRGCYA
Homo sapiens (309) LVEDDEDLPHHDEKTWNVGSSNRNKRENLLRGARDGTFLVRESSRQGCYA
* * kkk kkk k * *x k sk kk Ak kx RkdER AR R
Flounder (379}  CSYVVEGEVKHCVIYSTPRGFGFAEPYNLYSSLKDLVLHYHQTSLVGHND
Nus musculus {393) CSVVADGEVKHCVIYSTARGYGFAEPYNLYSSLKELVLHYQQTSLVQHND
Rattus norvegicu {393) CSVVADGEVKPCVIYSPARGYGFAEPYNLYGSLKELVLHYQQTSLVQHND
Danio rerio {395) CSVVVEGEVEHCVIYSTPRGFGFAEPYNLYSTLKDLVLHYHQTSLVQHND
Homo sapiens {359) CSVVVDGEVEHCVINKTATGYGFAFPYNLYSSLEELVLHYQHTSLVQHND
hdededk Khhkk dhhk * khkkkkkkkk *k kkhnk Thkrkrkk
Flounder (429)  SLNVRLAYPVYAQMPSGRR-
¥us musculus (443)  SLNVRLAYPVHAQMPTLCR-
Rattus norvegicu (443)  SLNVTLAYPVHAQMPSLCR-
Danio rerio (445) SLNVRLAYPVYAQMPSGPRR
Homo sapiens (409)  SLNVTLAYPVYAQQRR---—

AEKE KRKEE TN

Figure 3. Multiple alignment of the predicted flounder PI3Ky amino acid

sequence with other species (continued).
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1000

0.1 Paralichtys olivaceus

Figure 4. A molecular phylogenetic tree of PI3Ky based on the sequence
NJ method. A phylogenetic tree was constructed by the neighbor-joining
(NT) method using the program Treecon (Van de DPeer and De Wachter,
1994) for the amino acid sequences of PI3Ky from H. sapiens. B. Taurus.

M. musculus, R. norvegius, and P. olivaceus.



Tissues distribution of PI3Ky

In order to determine the expression of the PI3Ky gene, total
RNA was isolated from flounder brain, liver, and kidney tissues
using a TRIzol reagent and the quality of isolated RNAs was
confirmed by formaldehyde RNA gel electrophoresis. Specific
primers, PI3KF and PI3KR, were synthesized on the basis of the
consensus sequence of PI3K and used for the detection of PI3Ky
mRNA using a RT-PCR. The products (10ul) of RT-PCR were
analyzed on 1% agarose gel electrophoresis. As shown in Figure 3,
approximately 750bp DNA fragment was amplified from all total
RNAs extracted from the brain. liver, and kidney tissues (Figure 3).
The resulting RT-PCR patterns provided evidence for the expression
of PI3Ky in tissues from the brain, liver and kidney, suggesting that

the flounder PI3Ky mRNA has a wide tissue distribution.
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Figure 5. Pattern of the PI3Ky expression detected by RT-PCR. Lane M,

molecular maker; lane B, total RNA template for RT-PCR isolated from

flounder brain; lanel.. liver; lane K, kidney.
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Expression of flounder PI3Ky in E.coli

In order to subclone for the construction of expression vector
of PI3Ky gene, a pair of primers was designed on the basis of
known PI3Ky sequences. The resulting PCR fragment about 1.7kb
was eluted and ligated into pGEM T-vector. Then, the flounder
PI3Ky gene was subcloned into the prokaryotic expression vector,
pET-44a(+), which allows expression of recombinant protein with
C-terminal fusion His-tag. The resulting pET-44a-PI3Ky plasmid
(Figure 6) was transformed into E.celi BL21 (DE3) codon plus
strain and the expression of the recombinant protein by the addition
of IPTG. The expression patterns of the PI3Ky proteins were
analyzed using 12% SDS-PAGE (Figure 7). The cloned PI3Ky
protein was strongly expressed with IPTG induction. The optimum
induction time was approximately 1h after IPTG induction. The
molecular weight of PI3Ky fusion protein is approximately 49kDa,
while the predicted PI3Ky protein is approximately 46kDa.

corresponding to a C-terminal fusion tag (3kDa).

N
=1



Xho I (530)

PI3K

| pET-44a-PI3K
;; 6373 bp

\ L=
T7 promoter //

Nde I (1883)

lac operator

Figure 6. Construction of recombinant pET-44a-PI3Ky plasmid. To
express the PI3Ky gene, the pET-44a-PI3Ky plasmid was constructed by
PCR using a set of primers, PI3KN and PI3KX. These primers, were
generated the PI3Ky sequence bearing both the N- and C-terminal ends of
the flounder PI3Ky coding sequence flanked by Nde I and Xho 1 site.

respectively.
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66 kDa —»
45kDa —

Figure 7. Analysis of the expressed proteins using SDS-PAGE. The
expressed proteins of PI3Ky gene in E.coli BL.21 (DE3) codon plus were
analyzed using 12% SDS-PAGE. Lane M, stained protein molecular

weight marker; lane 1, proteins from uninduced cell extracts (control); lane

2-7, proteins from induced cell extracts 0. 1, 2, 3, 6, and 8h after IPTG

induction, respectively.
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Western blot analysis

In order to perform western blot, the induced cell was
harvested by centrifugation at 0, 1, 3, 6hours, respectively.
Proteins were electrophoretically transferred from an SDS-PAGE
gel to nitrocellulose membrane, probed with goat antiserum aganist
6-His tag, and incubated with alkaline phosphatase coupled to goat
antibody against goat [gG. The nitrocellulose membrane developed
using NBT/BCIP. As shown in Figure 8, western blot was analyzed

and confirmed.
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M 1 2 3 4 5

86kDa — g9
e

47 kDa _.F
»

+— PI3K

Figure 8. Analysis of the expressed proteins using western blotting.
The expressed protein was analyzed on 10% SDS-PAGE. Lane M,

prestained protein molecular weight marker; lane 1, uninduced cell extracts
as control; lane 2-5, induced cell extracts 0, 1, 3, and 6h after PTG

induction, respectively,
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DISCUSSION

Fish are the largest and most diverse group of vertebrates. Their
evolutionary position relative to other vertebrates and their ability to adapt
to a wide variety of environments make them ideal for studying both
organism and molecular evolution. Phosphorylated lipids are produced
at cellular membranes during signaling events and contribute to the
rectuitment and activation of various signaling components. The
role of phosphoinositide 3-kinase y (PI3Ky), which catalyzes the
production of phosphatidylinositol-3.4,5-trisphosphate, is involved
in cell survival pathway, the regulation of gene expression, cell
metabolism, and cytoskeletal rearrangements.

The ¢cDNA encoding flounder phosphoinositide 3-kinase y has
been cloned. The nucleotide sequence of the PI3Ky has an open
reading frame (ORF} consisting 1341bp encoding 447 amino acid
residues and has a 5'-noncoding region (86 nucleotides) and a 3°-

noncoding region (314 nucleotide). A polyadenylation signal

AATAAA 1s not found in the flounder PI3Ky gene. However, the
canonical AATAA signal appears to be its most common natural
variant ATTAAA, which is found in 12% in vertebrate m RNA
sequences. In a flounder PI3Ky mRNA sequence. poly(A) tail was

found to be 3-noncoding sequence, suggesting that the variation in
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polyadenylation signal many occur in this gene.

The deduced amino acid sequence of the flounder PI3Ky
protein shares 80% sequence identity with the human, mouse, rat,
and zebrafish PI3Ky molecules and even higher in functional
domains. Thus, flounder PI3Ky protein functions in an identical
manner with their signaling partners. In fact, flounder PI3Ky
displays putative interaction sites for MAPK (mitogen activated
protein kinase), Ras, G-protein By subunits, ATP, and lipids. We also
provide phylogenic information on PI3Ky that is essential for
understanding the molecular evolution of this gene in vertebrates.

We have studied the tissue distribution of the cloned PI3Ky.
The resulting RT-PCR DNA banding patterns provided evidence for
the expression of PI3Ky in tissues from the brain, kidney, and liver.
The flounder PI3Ky mRNA has a wide tissue distribution. The
recombinant flounder PI3Ky was efficiently expressed in E. coli.
The molecular weight of the expressed PI3K protein turned out to
be approximately 49kDa. The present study will certainly be helpful

for tuture studies in understanding the roles of PI3Ky.
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