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Cloning and Characterization of Phospholipase Inffalive FloundeXParalichthys olivaceus)

Soo0 Jin Jeon

Department of Fish Pathology, The Graduate School,
Pukyong National University

Abstract
The gene encoding phospholipase D (PLD) in Oliveurider Paralichthys olivaceus),

designated PoPLD, was cloned and sequenced. POBNBA evas obtained using a combination of
cloning cDNA obtained from olive flounder brain,cathe 3'- and 5'-rapid amplification of cDNA
ends (RACE) method. The full-length POPLD gene686tbp long and contains an open reading
frame of 3162 bp from the first ATG start codorotigh the TAA stop codon flanked by the 194 bp
5'- and 1300 bp 3'-noncoding regions. This gene pvadicted to encode 1053 amino acids with a
molecular mass of 120.5kDa. The deduced aminosszridence shows 65.30% and 49.38% identity
to Homo sapiens PLDla (HsPLDla) anddomo sapiens PLD2 (HsPLD2), respectively. The
phylogenic analysis and amino acid sequence cosmasuggest that PoPLD is closely related to
the PLD1b isozyme. The tissue expression analys®BLD showed that the mRNA of PoPLD was
predominantly expressed in the eye, liver, stomaicti duodenum. In addition, the recombinant
protein of PoPLD (GFP-PoPLD), which demonstratephemsphatidylcholine (PC)-hydrolyzing
activity, was partially localized as a distinctgishaped form surrounding the rim of the nucleus in
EPC cells. Together, our results suggest that PoBldimilar to mammalian PLD1b isoform and is

generally widespread within olive flounder tissue.

Keyword(s): Phospholipase D (PLD); Olive floundBai(alichthys olivaceus)



1. Introduction

Phospholipase D (PLD) is an enzyme that is widegributed in bacteria,
fungi, plants and animals [1,2]. It has been suggkegshat PLD results in
modification of various lipid constituents of theembrane, either by degradation or
by phosphorylation, and generation of one or mawaycts ( messengetg that
are able to recruit or modulate specific targetgins [3]. PLD has been implicated
in several physiological processes and diseasdsiding signal transduction,
membrane trafficking, mitosis regulation, proliféoa, secretion, respiratory burst,
inflammation, diabetes and neuronal and cardianut#ition [4,5]. PLD catalyzes
the hydrolysis of phospholipids, usually phosphdtkoline (PC), to produce
phosphatidic ‘acid (PA) and choline in response teamety of agents including
hormones, neurotransmitters, growth factors, anathai esters [4]. PA has been
shown to act directly as a signaling molecule arah de converted into
diacylglycerol (DAG) by PA phosphohydrolase, whiabtivates members of the
C&*- and phospholipid-dependent protein kinase:C fafié]. In the presence of
primary alcohols, PLD also catalyzes a transphaggation reaction in which the
phosphatidyl moiety is preferentially transferred the alcohol to generate
phosphatidylalcohol. This reaction is a unique abtaristic of PLD and thus the
accepted index of PLD activity [7].

There are lots of evidence for the existence oftiplal isoforms of PLD in



mammalian tissue, and PLD is known to be activitedeveral factors including
unsaturated fatty acid [8], phosphatidylinositol5-bjsphosphate (P3P [9],
monomeric GTP-binding proteins (G proteins) suchAB®-rybosylation factor 1
(ARF1) [10, 11] and RhoA [12,13], protein kinase[T2], and calmodulin [15].
ARF has been implicated in mediating agonist induaetivation of PLD in vivo
[3] and reported to synergistically stimulate PLEiaty in concert with small G
proteins of the Rho family including RhoA, Cdc4adaRacl [16]. Ral A, another
member of the small G protein family, was repottieglay a role in v-Src, a non-
receptor protein-tyrosine kinase, induced PLD atibn [17]. In addition to the
small G proteins, PKG-was shown to stimulate PLD activity in a phospletrgn-
independent manner, through its regulatory dom8&in ¢nd PLD activation by
PKC-o occurs  synergistically. with ARF and RhoA [18,1%nother important
component in the PLD activation complex is RIR phospholipid that acts as a
cofactor in PLD activation by the above molecul@gl$,20]. On the other hand,
PLD activity has been reported to inhibit by selenaroteins. The
polyphosphoinositide 5-phosphatase synaptojaninibitish the activity of
phosphoinositide dependent PLD enzymes-in vitrchigrolysis of the activator
PIP, [21]. Also, fodrin (a non-erythroid form of spdaly and the synapse specific
clathrin assembly protein AP3 were reported to bithARF activated PLD in
permeabilized HL-60 cells [22] and PLD1 [23], resipely. Based on the

sensitivity to various activators, PLD isoforms che classified into two large



groups, a small G-protein-dependent form and oldaependent form [24-26].

Many PLD genes have been cloned from bacteria, tglapeasts and
mammalian species including humans. These geneslie®n well characterized by
two mammalian PLD genes [25,27] that have beenddrRLD1 and PLD2. Two
distinct mammalian PLD genes have been isolateth frmman, rat, and mice
[24,27-31].They share an approximately 50% amino acid sequetesgity and
consist of phox homology (PX), pleckstrin homolog@yH), four conserved
sequences (I-1V), and carboxyl-termini (CT) domaimsandem at their N-termini.
However, PLD1 encodes a region of 100-150 aminalsacdesignated loop
sequences, at the center of the protein that ipmestent in PLD2 or in PLDs from
lower organisms [27.31]. The loop region is atirectto distinguish PLD1 from
PLD2 and PLDs from other species. Furthermore, Plddxpressed as two splice
variants, namely, PLD1a and PLD1b. The major diffiee between PLDla and
PLD1b is deletion of 38 amino acids residue inrthiddle of the PLD1b sequence.
However, the splicing does not alter the catalgititvity or the regulation of these
isoenzymes [32]. PLD1 and PLD2 also differ in.malac weight, intracellular
location, as well as their sensitivity to activatoPLD1, a 1074-aminoacid protein,
exhibits a low basal activity but is markedly stiated in a synergistic manner by
protein kinase C, ARF1, or RhoA in the presencPI& a cofactor that is required
for PLD1 activation [10,33]. PLD2, a 933-amino apiatein, is also dependent on

PIP, but differs from PLD1 in that it exhibits constitgly high activity and it



appears to be weekly activated by ARF1 but notvatgd by RhoA [28,30,34]. In
addition, PLD1 and PLD2 are found in discrete sliblee locations. PLD1 has
been reported to be located in endoplasmic reticulaecretary granules, and
lysosomes and PLD2 in plasma membrane [31,35].

Although PLD has been well characterized in mamanali little is known
about the PLD in fish except for the EST gene sh fPLD. Therefore this paper
reports the cloning, primary structure and charaagon of PLD cDNA from olive

flounder.



2. Material and methods

2.1. cDNA synthesis from olive flounder brain and amplification by PCR

To amplify the clone (694-bp) containing the CRRIY region of POPLD, we
obtained an EST sequence (accession no. AU050680)ive flounder PLD from
GenBank. This sequence, which was chosen becaeshiliits significant sequence
homology with the CRII region of the mammalian PLPpfotein family at the
nucleotide and amino acid levels, was used to desig forward primer (Fig. 1).
Alignment of the amino acid sequences of all kn®ub1s revealed several highly
conserved regions within the CRIV regions. The eovsd amino acids
(SMLGKRDYS) in this region were selected for syntbed the reverse primers. The
following primers were used to conduct nested PCRprward primer PoPLD-1F,
5 -CATCGACAGATACACCACTCC-3, 2" nested forward primer PoPLD-2F,
5 -CCAGACACTTCATTCAACACTG-3 and reverse primer PoPLD-R, 5
CTGTCNCGCTTYCCSAGCAWGC-3. PCR was conducted using a GeneAmp
PCR system 2400 (Perkin Elmer). Poly{RNA was isolated from flounder brain
using the PolyATtrack System 1000 (Promega) according to the manufasture
instructions and cDNA was synthesized from thislatedl mMRNA using the
GeneRacél kit (Invitrogen) and then used as the templateafoplification. The
PCR reaction mixture was comprised qfl #f the cDNA, 10pmol of each primer

(POPLD-1F and PoPLD-R fof'IPCR, and PoPLD-2F and PoPLD-R f3f PCR),



2.5 mM dNTP mix, 2.5 units of Tag polymerase (Prgajeand the manufacturey

buffer in a final volume of 5@. PCR was conducted under the following
conditions: initial denaturation for 3 min at 9€, followed by 35 cycles of a 30-s
denaturation step at 94C, a 30-s annealing step at46, and a 40-s extension step
at 72° C, with a final extension step of 10 min at 7@. Amplified DNA products

were separated on a 1% agarose gel. A 694-bp cDabhfent was eluted from the
gel, purified and ligated into pCR.1-TOPO vector (Invitrogen). DNA sequencing
was then conducted according to the BigByererminator Cycle Sequencing

method on an automated ABI 377 Sequencer (Perkiregl

2.2.5 and 3 rapid amplification of cDNA ends (RACE)
RACEs for the 3- and 5 - cDNA end were conducted using the GeneRacer

Kit (Invitrogen) according to the manufacturer'stinictions. The first strand cDNA
was synthesized from mRNA, which was isolated bpgishe method described
above. The second-strand synthesis for &hd 5 . RACEs were primed with
PoPLD-3RACEF1 or PoPLD-5RACER1 primer, respectiyellich were designed
from the cloned partial PLD gene (694-bp) (Fig. R)imary PCR was performed
using PLD-specific primerl and GeneRacer primeBomand 5 RACE, according

to the manufacturer’s instructions. The followingnper sets were used for the

primary reaction: for the 3'RACE, PoPLD-3RACEF1 ' -5



CAGGCATAAAGTACCACGAGGA-3; and for the 5 RACE, PoPLD-
3RACEF1 5-CTTGCTGTGGATGTAGATGAGCTC-3. Nested PCR was then
conducted on 1ul of the primary-reaction producttfe secondary’3RACE- and
5 RACE-using the following primer sets: for RACE-PCR, PoPLD-3RACEF2
(5 -CAACGCCTACATCCAGGTCAT-3) and GeneRacer 3Nested primer (5
CGCTACGT-AACGGCATGACAGTG-3); for 5 RACE-PCR, PoPLD-
5RACER2 (5-GTGACCAGGCGT-CCCTCCAGCTC:3 and GeneRacer’5
Nested primer (5-GGACACTGACATGGACTGAA-GGAGTA-3). After
amplification using PLD-specific primer2 and Gene&anested primer on each
RACE, the DNA products were cloned into pCR4-TOP&atar (Invitrogen) and

then sequenced as above.

2.3. Sequence and phylogenetic analysis

Nucleotide and predicted protein sequences werzthusing DNAsis for
Windows version 2.5 (Hitachi software engineerir@pEdit Sequence Alignment
Editor version 5.0.9. [36] and BLAST programs imaedundant databases of the
National Center for Biotechnology Information  (NCBI BLAST,
http://www.ncbi.nlm.nih.gov/BLAST/). For phylogenet analysis, the protein
sequences of PoPLD and other PLD enzymes obtainedGenBank were aligned

using CLUSTAL W version 1.8 [37] as included in Buit [36] with default



parameters and a phylogenetic tree was construsied MEGA version 3.1 [38]

using maximum parsimony and neighbor-joining method

2.4. Cdll culture
Epithelioma papillosum of carp (EPC) cells werevgman minimum essential medium

(HyClone) supplemented with ¥ heat-inactivated fetal bovine serum (HyClone), 350

ug/ml sodium bicarbonate, 100 units/ml penicillinadd 100 pg/ml streptomycin at 27

2.5. Construction and transfection of GFP-PoPLD expression vector

To obtain a contiguous PoPLD open reading frameHQRill-length cDNA
was constructed as described in Fig. 1. Two se@se@ecompassing thé $egion
from the 5 RACE clone and '3 region from 3 RACE were combined using the
megaprimer-PCR method [39] and then cloned into 2CROPO (Invitrogen).
The pEGFP-C1 (Clontech Laboratories, Palo Alto, C&ctor was used to
construct the GFP-fused flounder PLD expressiotovePCR was conducted using
the cloned full-length- cDNA as a template to reméwe 5 - and 3 - untranslated
regions from full-length POPLD cDNA and introducecantiguous PoPLD ORF
into the pEGFP-C1 vector. The amplified producto{al3.1-kb) was digested with
EcoRI and Xhol and inserted between the correspgndistriction sites of pEGFP-
C1. The resulting expression vector was denotedPsB&PLD. Transfection into

EPC cells was done at 80% confluence in a 78ask using electroporation as



previously described [40]. EPC cells were elecliycpulsed at 350V in the
presence of 5ug of plasmid to induce transfecthma control, pPEGFP-C1 vector
alone was subjected to the same conditions. Celis imcubated in the 75 cm flask
for 24 hours at 27C, and then examined using a fluorescent micros¢Opgnpus)

with FITC dichromic filter set.

2.6. PLD activity assay from the transfected EPC cells

After transfection, EPC cells were harvested andhed twice with ice cold
phosphate buffer saline. The cells were then reswgal in lysis buffer (50 mM
Hepes, pH 7.5, 10% glycerol, 1 mM EDTA, 1 mM EGTAmMM dithiothreitol, 1
mM phenylmethanesulfonyl fluoride and proteasebitbr) and sonicated for 30s
five times. The cell lysate was then centrifugedc@® g for 10 min to remove
unbroken cells. The supernatant was then removddentrifuged at 40,000 rpm
for 60 min at 4C to separate the cytosolic and membrane fractibine.pellet was
resuspended with lysis _buffer containing triton-88land centrifuged again at

40,000 rpm for 60 min at@. Protein concentrations in the cytosolic and memér

fractions were measured by the Bradford methodumsed for an in vitro PLD assay.
PLD activity was measured using an assay as desciipeviously [10] with a
minor modification. Briefly, 25ul of mixed lipid wcles containing PE, PJPand

PC in a molar ratio of 16:1.4:1 witleHoline-methyi-3"](pam)PC to yield 200,000

10



cpm per assay were added 10ul of PLD source tdah\tolume of 125ul with a
final concentration of 50 mM Hepes (pH 7.5), 3 mI@EA, 80 mM KCI, 2.5 mM
MgCl,, and 2 mM CaGl Assays were incubated at°37 for 60 min before
addition of 1 ml of stop solution (CHEICH;OH, and concentrated HCI 50:50:0.3,
v/v) and 0.35 ml of 1 M HCIl in 5 mM EGTA. After sagation of the organic and
aqueous phases by centrifugation, the releasgdH@line in 0.5 ml of the aqueous

phase was quantified by liquid scintillation spentetry.

2.7. RT-PCR amplification

To confirm the expression pattern of the PLD geb&ioed from various
tissues of olive flounder or the transfected EPIE c&otal RNA was isolated using
TRIzol® (invitrogen) according to the manufactursr instructions. Reverse
transcription was performed using oligo-(¢sl)and Superscript Il reverse
transcriptase (Life Technologies). The resultingNéD was subjected to PCR
analysis using primers for the flounder PLD pfactin gene. PCR was also
conducted on Olive floundep-actin (GenBank accession no. AU090737) as a
housekeeping gene to confirm the steady-state tdfhatpression. The condition for
PCR amplification consisted of a 3 min pre-dendiomnaat 95° C, followed by 35
cycles of 1 min denaturation at 922, 1 min annealing at 55C and 1 min

extension at 72 C with a final 5 min extension at 72C. The primer sequences

11



employed were as follows: PLD-1'(8CATCGACAGATACACC-ACTCC-3)
and PoPLD-ORF-R (5CGTCCAGATCTCAGTTGGGACC) for the flounder
PLD; fAct-a (8 -TCCTCCCTGGAGAAGAGCTA-3) and fAct-b (5-
GATCCAGACAGAGT-ATTTACGC-3 ) for the flounder g-actin. Semi-
quantitative PCR results were generated using ttenetry to determine the ratio

of the target gene (PLD) to the housekeeping enzynraetin).

2.8. Electrophoresis and immunoblotting

Samples were resuspended in the sample buffer 0 ns, 10% glycerol, 45
mM mercaptoethanol, 80 mM sodium dodecy! sulfake 68) and boiled for 5 min.
Proteins were then separated by sodium dodecydteul{EDS) polyacrylamide gel
electrophoresis using 8% polyacrylamide gels aadsfierred to the nitrocellulose
membrane then incubated with antibody. Antigenkatty complexes were

detected using an AP conjugate substrate kit (Ead)R

12



3. Results

3.1. Isolation and characterization of cDNA encoding PoPLD

We obtained an EST sequence for olive flounder Rbbh GenBank to clone
the PLD gene from olive flounder brain. The seqee(@enBank accession no.
AU050587) contained a partial sequence of ConsemRedion Il (CRIl) in
comparison with the mammalian PLD1 family. Primetsswere designed based on
comparison of this sequence with mammalian PLD gehbese primers generated
a 694-bp fragment of olive flounder cDNA that exteld significant homology with
CRII-CRIV from the mammalian-PLD1 family based oothb nucleotide sequence
and amino acid levels. The clone was used as #mnst point for isolation of the
full-length PLD1 gene from olive flounder cDNA bying 3 and 3 Gene Race
(Fig. 1). A 2800-bp clone and a 2237-bp clone vamplified using 5 Gene Race
and 3 Gene Race, respectively. To obtain the full-lerlgtPLD gene from these
sequences, two sequences encompassing tlegbon of the 5 RACE clone and
the 3 region of the 3 RACE were combined using megaprimer-PCR [40] (E)g.
The complete 4656-bp sequence was then clonedPiGi®2.1-TOPO vector, and
sequenced on an automated ABI 377 Sequencer (Ferkier). The nucleotide and
deduced amino acid sequences are depicted in Fidne2full-length cDNA of olive
flounder PLD (PoPLD) vyielded a 4656-bp sequenced theluded an initiation

codon ATG, an in-frame stop codon, and a poly @) ais well as most structural

13



features found in eukaryotic mMRNA. The cDNA alsanguised a 194-bp’'5
untranslated region (BUTR) and a 3162-bp coding region, followed by &2-bp

3’ -untranslated region (3UTR) containing one potential poly adenylationnsiy
AATAAA (nt 4624-4630) (Fig. 2). The nucleotide ofoPLD was predicted to
encode 1053 amino acids with a calculated molecukass of 120.5 kDa starting
from the first methionine according to universaldoo usage (Fig. 2). A
translational termination codon (nt 3354-3356, TAWApS observed in-frame
following codon 1053. (Fig. 2)The PoPLD showed 68.67% amino acid identity
homology to house mous®l(s musculus) PLD1 and also PH, PX and PLD motifs,
conserved motifs of mammalian PLD (Fig. 1). Thd-é@quence of PoPLD was

deposited in GenBank under the accession numbeBByts .

14



§-RACE clone (2800-bp)

| 3-RACE clone (2237-bp)
| l
Partial fish-PLD clone (694-bp) » ——
lbp  194bp 2212bp2420bp 2800bp 2905bp  3356bp  4656hp
l | | | | | | |
ATG Full length ¢DNA of fish-PLD TAA

—{pXHPHH 1 i oop—{ 111 iV

Fig. 1. Strategy for cloning of Paralichthys olivaceus PL D, and conserved and
unique features for POPLD. The PoPLD amino acid sequences encode regions that
are conserved among mammalian PLD and some olBi§ From nonmammalian
species (boxed regions). PX,phox; PH, pleckstoimblogy; CR, conserved region;

Loop, loop region; CT, carboxyl terminus.
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5'ADAAD CAG CTC ADA OTT GFT GT8 TOT GTO GAG ST GAG ADA CTO TOT OT0 TGC OTO ADG OTO TOT OTC GAT 070 TOT GT4 TTA GTG TG GTG TGC AGA CAG TOA AGG OO 110
GTG GAT TGA TAG ATA AGA CAA CAT GTO GOC TGT GCG TOC ACA GAC AGA GCA GGT OCG COC TOC T0C AGG GGC TGA CTG CTA AGC ATG CTG GGC AML GOT CAG OCA ACG 218
1 M L G K A 0 P T
AGC AGC AGC CTC ARG CTT GTA ARA TTO GAA GTT TGT GAG ACC GOG GCG GOO GCA GAG GCA CAG GAC GGT ATG AAG ATG GCT GAC CTT GTG GAA AGC TTG GAC ACC AGA 326
9 T 8 S L K L ¥V K L E V € O T A& A A A D A H D @ | K M A O L V E S L 0 T R
GAG DTG OAT ATO OGA GAA OOA GAQ GAD AGS OAG TAT GAT O0A AAC TTA OG0 GAG TOT GOT ATG CGA TTT TOA OCG GTO TAT GOC AGT OTG BOC TTT AAD GAD OO0 AGG 404
A5 F 1 n u a F a F ¥ T n ¥ n o N I a n (S " I " F L) A v ¥ A T v a F K ¥ A 8
GGT AAG GFT TAC CTG CCC ACT GTG GCC ATC AGT GG CGG ATC GTG GAG GTO GAG AGA TTC TOG ADC GCT CAG GAC CGC TTC AAT CTG TCG CAC CAG AGG AGC GTC AAC 582
. A K V ¥ L P T ¥ P 1 T A R I L E V E R F § T A @ 0 A F N L S H C R 8§ ¥V N
AAG TGT GG GOA GGG GIG THT AAG ATT GAG GTG AAG GAG GG GAG 110 AGE TOG G106 GI0 AAG AGG AV GAG AM GAG TTG ATG GAG GTG GAG AGA GAG GIU AGG AGO 600
"7 EERR A K 1 E L K M 6 FE F T W ¥ V K R K E K H F M E L H A E L A T
TAC AAG ACC TTC ATG AGH ATA CCG CTO CCA TCO CGC AGC CAC ACA GTG AGO AGA AGG ACG (TG AGG GAG AGC OAG GTG AGG GAG ATG CCC TCC CTG COG AGO GOC 0O0G 758
%3 ¥ K T F M R I P L P S R S5 W T VR R RTV AR E § E ¥V RE NP S L P R G G
GGA GAC CAC CTG GTG COA GAC GAG CAG GTG TCC AGC AGG AGG AGA CAG TTA GAA GAC TAT TTG AAC AMG CTG CTG AGG ATG GCC ATG TAC COC AAA TAT CAC CAT ACT  B36
W @ B B L ¥ AR D E @ ¥ 8 8 R R A @ L E D Y L N K L L A M A M Y R K ¥ H H T
ATG BAG TTE ATT GAC ATE AGE CAQ GTO TET TTE ATT CAC (WG GT0 OOA GO CAA OGA CTA GAA 000 ATG ATE TAT AML COT TCA GOC OOA CAT COT ATC CCT OO ATO 674
225 M E F 1 ©0 1 S @ L § F | H 0 L 6 P 0 G L E G M | ¥ K AR S5 6 6 HA I F G N
AAC TGC TGT GIT CAC AGC CAA GCC TGC TAC CGT TGG TCC AAA COC TGS CTG GAG GTG AAG GAC TCA TGT TTG CTG TAC ATG AAG CCA GAC TCA GGG GCA ATC TCC TTC 1082
@0 N G G B K S @ A G Y R W 5 K B W L E ¥V K D 5 & L L Y M K P D S5 6 A | 35 F
GTC ATG CTO OIS QAT AAA GAG TTC AGE ATE AMD ATG GAC TCE AMA GAS ACA GAG ACC AAA CAT COA GTC COO ATT QAT AGT CTC TEC AGG ACG CTC OFG TIE AAD TGC 1100
2 vV M L ¥V 0 K E F S5 I K M D 5 K O T E T K H G ¥ A I DS L 8 AT L ¥ F K C
ATC AGC TAC AGA CAC GCC COC TGG TGO GOT CAG AGC ATC GAG AGC TTC GTG AGG AGT CAC GOG AAG GCT TTC CTG COG GAT CAC COC TTC GGG TCA TTT GCC CAB GA 1298
333 (I8 Y ROH AR W W 6 @ § I E s F vV R 5 H G K A F L R D H R F G 3 F A 0O E
GAG GAA AMG ATE LA OGO AAA TOO TAC OTG AAT G0A AAD ACO TAC ATG GAG GAC OTG OCT GAC 00T TTO GAA OAD OOT AAA GAD GAA ATC TTT ATC AGT GAC TOO TG4 1408
w0 €€ N P A K W Y VW N G K T ¥ M E 0 ¥V A D A L F _F A K _E _E | F 1T 0 W W
CTG AGT CCA GAG ATC TTC TTG AAG AGA CCT GTG GTG GAG GOC AAC AGE TGO AGA CTG GAC TOT ATC CTC AMA COC AMA GCA CAA CAG GGA GTG COC ATC TIC GTO ATG 1514
405 L S P E | F L K B P vV ¥ E G N B W R L D C | L K R K A O 0 6 V B 1 F ¥
TTG TAC AAG GAG GIG GAB GIC GCC CTG GOC ATC AAC TCA GOC TAC AGC AAG ADG ACG CTC CTG CAC CTG CAC CCC AAC ATC AAG GTG ATG CGT CAT CCC GAC CAC GIC 1622
A LY K B N G ¥ A L0 ) W 8 6 N & ¥ 0 T L L W L N P N | K Vv M A M P 0 NV
TCC TCC TCC GFC TAC ©T0 TGO GCO CAT (A ATC ATT GIC ATT CAA TCG GTG OCT TTC GT0 GOC 000 ATT GAC CTG GCG TAC GGT COC TG0 GAC QAC AGA 1730
ary 8 8 0§ W Y L W A M € wkd v 1JojJoe s v A F v 6 6 | B L A Y G R W 0 D @
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Fig. 2. Nudcleotide an}}jed% am w&é'/of PoPLD. Underlined
amino acids indicate thenI(»);:é'ti’oﬁs of | féﬁ}__(;;nsérmgions found in all known
PLD homologues. The regions marked with shaded $ex@ress the locations of
PX, PH, and CT domains. Boxes indicate the dumatanotif (HKD motif) that is
presumed to form the active site required for gatal This sequence was registered

on GeneBank (accession number AY396567).
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3.2. Comparison of amino acid sequences

The deduced amino acid sequence of POPLD demaedtthat POPLD, like
mammalian PLD families, contains a PX domain (ad4-235), a PH domain (aa
250-346), a conserved region | (CR I; aa 354-5a8}R Il (aa 625-683), a CR llI
(aa 724-843), a CR IV (aa 867-944) and Carboxyhteus (CT) domain (aa 1012-
1053), which were all previously defined as consdrelements in the extended
PLD and phospholipid synthesis family [24,31,41pw¢ver, the loop region of
PoPLD (aa 527-602) showed relatively low similantyth that of mammalian
PLD1. Mammalian PLD2 lacks this region and parthef human PLD1 loop region
undergoes alternative splicing, removing 38 aminmsato generate the PLD1b
isoforrm [27,42]. This regulated splicing is congt in mammalian PLD1s (mouse,
rat, and human) and confers no obvious change=sguation to human PLD1 [42],
although it has been suggested that there areesciinges in Rho responsiveness
for rat PLD1 [10]. The loop region of POPLD is maresely related to PLD1b
isotypes than to PLDla isotypes when compared withuse and rat PLD1
sequences (Fig. 3). Among the PoPLD amino«acidsD HKotifs, which are
duplicated in CRI and CRIV, are relatively invatian all known PLDs and have
been demonstrated to be necessary for catalytntade4,43]. All of these HKD
motifs are similarly conserved in PoPLD as well.sB& on the extensive
conservation of POPLD and other PLDs, it is likeédgt these are cognate genes that

encode functionally identical phospholipases witldistinguishable biochemical
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properties and cellular roles. A comparison of dn@no acid sequence of POPLD
with other PLD enzymes from a variety of other speaevealed that PoPLD
showed 16-68% overall identities with all known PE&milies (Table 2). Among
them, POPLD shares a relatively high similarityhwather PLD1 isoforms (61-68%),
and a relatively low identity with ScPLD (Table 2)he amino acid sequence
identities in the conserved domain also revealatl BoPLD is relatively similar to

PLD1 isoforms (Table 3).
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Fig. 3. Comparison of the deduced amino acid sequence of PoPL D with PL Ds of
other species. Identical amino acids are indicated in the black lamd similar
amino acids are lightly shaded. Dashes were inteduto obtain maximal

alignment.
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3.3. Phylogenetic analysis

To determine the evolutionary relationship of PoRkith other PLD isozymes,
phylogenetic analysis was performed using the amarid sequences of 15 PLD
iIsozymes obtained from GenBank using maximum paminand neighbor-joining
methods. Both methods produced similar resultsretbee only the neighbor-
joining tree is presented (Fig. 4). These datacetei that POPLD is more closely

related to PLD1 isotypes than to PLD2 isotypes.

20



1000 MmPLD{

1000 _E RnPLD1
o HsPLDI
o GePLDI PLDI

XIPLD
PoPLD

1000

1000
1000 l: MmPLD2
1000 RnPLD2 PLD2

1000

HsPLD2
CePLD
899 CaPLD
AtPLDz1
818 PiPLD
RcPLD

985

SePLD

0.1

Fig. 4. Phylogenetic relationships of POPLD with other PLD families. In this
neighbor-joining phylogram, all individuals are repented and the branches are

based on the number of inferred substitutions dgcated by the bar. Bootstrap

values from 1000 replicates are indicated at thieeso
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3.4. Tissue distribution of flounder PLD

It has been reported that while mammalian PLD1 ighlli expressed in
kidneys and lungs, it is also detectable levelstimer tissues [30]. In rats, the
predominant isoform of PLD expressed is PLD1b whgfound in high levels in
the kidneys, small intestine, colon and liver, ve@er the PLD1a is only detectable
in the lung, heart and spleen [29]. To determindgh# expression pattern of
mammalian PLD1 differed from that of flounder, wgamined the expression
pattern of POPLD in various flounder tissues udRiIGPCR with PoOPLD specific
primers. As shown in Fig. 5, POPLD was observedchost of the flounder tissues
examined. Expression of POPLD appeared to be Highdke eye, liver, stomach
and duodenum, moderately expressed in the spleeart land intestine, and
expressed in the lowest levels in the brain, heddey and body kidney. This
expression pattern was similar to that of mammeafab1 except in the kidneyn
kidney, expressional difference between floundet amammalian can be inferred
that the expression pattern of POPLD may be anué@wokl result for adapting in

the unique aquatic environment.
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Fig. 5. Tissue distribution of the flounder PLD mRNA. Total RNA was isolated
from various tissues dParalichthys olivaceus, and 0.%xg were subjected to RT-

PCR analysis using the amplimers for the flounddd r g-actin. mRNA levels

are normalized to the mRNA levels @factin and plotted as a ratio in each bar.
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3.5. Expression of GFP-PoPLD in EPC cell line

To determine the subcellular localization of PoPlithin cells, GFP-PoPLD
was constructed and then expressed in EPC celigadtobserved that while both
GFP and GFP-PoPLD were expressed in EPC cellsessipn of GFP was much
higher than that of GFP-PoPLD. As previously repdri44], GFP was equally
distributed throughout the cell (Fig. 6A), while BfPoPLD was localized in cells,
forming a distinct ring surrounding the rim of thacleus (Fig. 6B). Additionally
little GFP-PoPLD was present in cytosol throughibat cell. These results indicate
that GFP-PoPLD may be localized in the perinucleaembrane, such as
endoplasmic reticulum, Golgi and secretory granubesl lysosomal/endosomal
compartment, similar to previous reports [45]. GF6RLD mRNA was confirmed
using RT-PCR with specific PLD primers as describedaterial and Methods
(Fig. 7). It shows the results of electrophoresithe RT-PCR products. In the lane
containing the EPC/PoPLD cDNA, the only signal préscorresponded to the
GFP-PoPLD gene. This suggests that the mRNA forLBoR present and that

GFP-PoPLD is expressed in EPC cells.
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Fig. 6. Expression of GFP-PoPLD in EPC cdl line. (A) As a control, pEGFP-C1
vector alone was transfected into EPC cells. (BP®®BPLD plasmid DNA was

transfected into EPC cells. Top lower, images ef @-P-PoPLD are shown under

the fluorescence microscope, X100 magnification; Bottom lower, boxes were

enlarged to twice, 2820 magnificaton.
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Fig. 7. RT-PCR analysis of GFP-PoPLD in EPC cell line. An ethidium bromide-
stained 1.5% agarose gel is shown after electrepicoseparation of RT/PCR
products. In lane 1 EPC cDNA was used as templdiereas in lane 2 EPC
transfected with pEGFP-C1 was used as template DRIAC transfected with
plasmid DNA containing GFP-PoPLD was used in laner3PCR. Lane 4 is the

control.
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3.6. PLD activity of the expressed PoPLD in EPC cells

To examine the PC-hydrolyzing phospholipase agtivaf GFP-PoPLD,
[*H]choline-releasing activity from [choline-methi](pam)PC was determined
in the membrane and cytosol fraction of cell honmage. We confirmed that
PoPLD was capable of hydrolyzing phosphatidylctelin both the cytosol and
membrane fractions. The basal activity in membrfaaetion was relatively higher
than that of the cytosol fraction. We have alsongixad the effect guanosiné -
(thio)triphosphate(GTPS) on the PLD activity in the membrane fraction.eTh
activity was insensitive to G5, indicating its independence of GTP-binding
protein (data not shown). This characterizationPofPLD is similar to that of
protozoan PLD [46]. It has been reported that Tetreena PLD activity was not

affected by PMA and GT¥S, which is distinguishable from mammalian PLD1.
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Fig. 8. Hydrolysis of PC for phospholipase D activity. Phospholipase D activity
was measured in cell homogenates in vitro. Assasre werformed as described in

Section 2.6. Bar graphs represent the mean of theeeminationstS.D.

28



4. Discussion

It is well known that PLD plays an important role the regulation of cell
function and cell fate by extracellular signal niles, as well as in diseases
including inflammation, diabetes and neuronal aadli@ac stimulation [4,5]. In this
study, the full-length sequence of 3162 bp PoPLD cDNA w&med from the
Paralichthys olivaceus. The open reading frame encodes a protein of HibBiBo
acids. GenBank homology search and CLUSTAL W midtgequence alignment
confirmed that the cloned cDNA sequence encodesDa Phis sequence contains
the conserved regions of the PX, PH and CRI-IV.thk@emmore, the sequence
alignment of PoPLD revealed that the predicted amactid sequence was
homologous to other PLD1 family in the NCBI GenBarid showed similarity of
68%, 67% and 66% to PLD from house molke musculus, African clawed frogs
Xenopus laevis and manchurian norway rRattus norvegicus, respectively (table 2).
These data indicate that PoPLD is clearly a mermab#re PLD1 subfamily. On the
other hand, it was well known that mammalian PLD&kdvided into two isotypes,
PLDla and PLD1b [3]; which these were 99.9% idahtltased on their cDNA
sequences, except for 38 amino acid residues tha mot found in PLD1b that are
present in the middle of PLD1a, indicating thatyttege produced by alternative
splicing [22]. The 38 amino acid residues absaymfmammalian PLD1b were also
not found in PoPLD (Fig. 3), suggesting that PoPhBlongs to the PLD1b

subfamily.
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PoPLD and hPLD1b resemble each other consideratalyshare a sensitivity
to PIR. However, their responses to GT¥ are clearly distinguishable. hPLD1b is
stimulated by GTPS, but PoPLD is not. This result indicates that [HdRs
differently regulated from mammalian PLDs.

PoPLD was ubiquitously distributed in various floen tissues including brain,
liver, heart, head kidney, body kidney, intestimel aluodenum. The mRNA of
PoPLD was predominantly expressed in eye, livemnach and duodenum, but it
was weekly expressed in brain, head kidney and Wbddgey. According to
previous studies, PLD1 is highly expressed in kydrieng, brain, spleen, uterus,
small intestine, pancreas and heart [3,30]. Fumibeg, PLD1b is the major
expressed form in rat and is found at high levédidmey, small intestine, colon and
liver, whereas PLD1a is mainly expressed in thegumeart and spleen [3,29].
Therefore, it can be suggested that the tissughdiion of POPLD is similar to that
of rat PLD1b, except that PoPLD transcript is egpeal at significantly low levels
in kidney.

A number of studies have examined localizationdmging PLDs with GFP or
HA to demonstrate their localization. The resuéigeraled that PLD1 was found in
the Golgi, ER, endosomes or lysosomes, while PLR2 mredominantly found in
the plasma membrane [31,35]. Also, to examine duation of PLD1 variants,
subcellular localization of PLDla expressed in salveypes of mammalian cells

was compared with that of PLD1b. These results sthatvboth PLD1a and PLD1b
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are localized to late endosomes and lysosomes i, Mero and Hela [4]. Taken
together, this indicates that PLD isotypes haveifipeexpression sites which are
associated with their activity, and that no diffezes in localization exist between
the PLD1 splicing variants. To confirm expressidrthee recombinant protein, the
cDNAs encoding PoPLD were cloned into the pEGFPEClbntech) vectors and
their expression was detected in EPC cells usinfluarescent microscope
(Olympus) with a FITC dichromic filter set. Unlikee control cells, we observed
that GFP-PoPLD existed in the submembranous vesiaituctures and circular
endocytic structures (Fig. 6B). The vesicles wegyaraseparated from the cells and
the location of the characteristic PoPLD was fotmdbe similar to that of PLD1b
[35,47]. Our findings were consistent with a repamtlocalization of GFP-PLD1b
and HA-PLD1b in RBL-mast cells [26]. This sugge#tat the vesicles have a
possible function in regulated exocytosis. The tiocaof the fusion protein was not
clearly determined in EPC cells because we did usa highly specific PLD1
antibodies in combination with immunoelectron aridofescence microscopy.
However, these resultsufficiently indicate that POPLD exists in the intracellular
membrane and is not found in the plasma membrane.

This report represents the first report on PLD fram aquatic organism.
Further studies to understand the diverse roleL&f Rould provide a better overall

understanding of the finfish.
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Position

Name name Sequences (5’ to 3) (nt) Purpose
PoPLD-1F 5-CATCGACAGATACACCACTCC-3 2132-2152 Partial
PoPLD-2F 5-CCAGACACTTCATTCAACACTG-3’ 2212-2233 (I;:|) lo_r? o
PoPLD-R 5-CTGTCNCGCTTYCCSAGCAWGC-3’ 2884-2905 (694-bp)

PoPLD- , :
5'-CAGGCATAAAGTACCACGAGGA-3 2389-2410
3RACEF1 3-RACE
PoPLD- , ,
3RACEE2 5-CAACGCCTACATCCAGGTCAT-3 2420-2440
PoPLD- , ,
5- CTTGCTGTGGATGTAGATGAGCTC-3 2802-2825
5RACER1 5 RACE
PoPLD- , '
5RACER? 5'- GTGACCAGGCGTCCCTCCAGCTC-3 2778-2800

Table 1. Primer setsfor cloning of afull-length PoPL D sequence.
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Sequence for Identity Similarity

comparison (%) (%) S
HsPLDla [6530] 77.84 AAB49031
MmPLDI1 68.67 81.52 NP _032901
RuPILDla 64.74 77.85 BAA24076
MmPLD1b 68.01 80.68 AABR1245
RnPLDI1b 66.95 80.62 BAA24077
GgPLD1 61.76 74.39 XP 422793
XIPLD1 67.79 79.72 AAH77188
HsPLD2 49.38 63.98 014939
MmPLD2 48.81 64.29 Po7813
RnPLD2 48.86 63.95 P70498
CePLD 33.29 47.36 AAA98011
SPO14 22.62 35.97 AAAT4938
RcPLD 21.83 37.12 Q41142
AtPLDz1 29.94 47.66 AAL06337
PiPLD 20.95 31.56 AAX28839
ScPLD 16.05 27.35 BAA75216

Table 2. The amino acid sequence identity and similarity between PoPLD from

olive flounder (Paralichthys olivaceus) and other PL D isoforms.
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Domains (%)

Sequence
for PX PH CRI Loop CRII CRIII CRIV CT
companson— =TI~ T s | 1] s| 1] s| 1] s| [ sl [ s| 1 s

HsPLD1a 59.8/ 74.6] 70.1| 80.4| 84.2|1 90.9( 24.1| 39.7| 86.4| 949 79.2| 88.3| 79.5| 89.7| 76.2| 88.1
RnPLDla 59.0( 73.8| 71.0| 81.3| 84.2| 90.3| 29.4| 45.4| 86.4( 94.9| 71.7| 85.0| 78.8| 86.3| 81.0| 88.1
RnPLD1b 41.9 63.9
GgPLD1 49.3| 67.9| 67.3| 79.4| 855 91.5| 33.7| 55.4| 88.1| 949( 80.0| 87.5| 76.9| 88.5] 73.8| 83.3
XIPLD1 615 7791 69.2| 785|849 87.9| 34.2| 585 88.1| 949 80.8| 89.2| 78.2| 88.5| 71.4] 85.7

HsPLD2 40.2| 60.7 | 55.1| 66.4| 62.5( 72.6| n.i. | n.i. [ 72.9( 83.1| 61.5( 71.3| 70.5( 79.5( 50.0| 73.8

Table 3. The amino acid sequence identity (I) and similarity (S) in the conserved domains between PoPLD from

olive flounder (Paralichthys olivaceus) and other PLD isoforms.
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