g=ro] W sks|#) A 209 2] 25 (2007)
J FishPathal., 20(2) : 119~ 127 (2007)

Regulation properties of phospholipase Cé cloned from Misgurnus

mizolepis

Na Young Kim, Sang Jung Ahn*, Soo Jin Jeon, Jung Soo Seo, Moo sang Kim,
Sang Hwan L ee, Ju Eun Je, Ji hea Sung®, Hyung Ho L ee”,
June Woo L ee™ and Joon-Ki Chung'

Department of Aquatic Life Medicine, Pukyong National University, Busan 608-737, Korea
*Faculty of Food Science and Biotechnology, Pukyong National University, Busan 608-737, Korea
**Department of Environmental Engineering, Catholic University, Busan 609-757, Korea

Phosphoinositide-specific phospholipase Co' (PLCd) plays an important role in many cellular responses
and isinvolved in the production of second messenger. The present study was conducted to characterize the
catalytic and regulatory properties of the PLCd of Misgurnus mizolepis (ML-PLCd). The ML-PLCd gene
was cloned and expressed under according to the method of the previous report (Kim et al., 2004), and its
recombinant protein was purified by successive chromatography using Ni#-NTA affinity column. The
recombinant ML-PLCd showed a concentration-dependent PLC activity to phosphatidylinositol 4,5-bispho-
sphate (PIP2) or phosphatidylinositol (P1). Its activity was absolutely Ce*-dependence, which was similar to
mammealian PLCd isozymes. The Ca* concentration yielding maxima activation of ML-PLCd was 100 #«
M. However, the activity was decreased interestingly by a polyamine, such as spermine and spermidine. In
vitro assay using cholate-micelle cell, ML-PLC? activity was inhibited in dose-dependent manner by sphin-
ogosine but increased by phosphocholine . In the lipid-binding assay, ML-PLCd was strongly bound to
LPA, PI(3)P, PI(4)P, PI(5)P, PI(3,5)P., PI(4,5)P;, PI(3,4,5)P: and PA, but it showed the low &ffinity to S1P,
PI(3,4)P: and PS. Taken together our results, it is suggested that the general catalytic and regulatory proper-
ties of ML-PLCé are similar with those of mammalian PLCd1 isozymes, but the N-terminal extended
piscine phospholipase Co1 (ML-PLCd) might reflect some distinctionsin regulatory properties and inositol-
lipid binding specificity between piscine ML-PLCé and mammalian PLCd isozymes.
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Introduction

Phosphoinositide-specific phospholipase C (PI-
PLC) is a key enzyme in signal transduction cou-
pled to hormones, growth factors, neurotransmitters
and other agoniststo cell surface receptors transmits
the extracellular signal across the cell membrane
resulting in the production of intracellular sec-
ondary messengers. PI-PLC families of enzymes
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are responsible for the hydrolysis of phosphatidyli-
nositol 4,5-bisphosphate (PIP;) that results in the
generation of second messengers inositol 1,4,5
trisphosphate (1Ps) and diacylglyceral (DAG). IPsis
auniversal calcium (Ca*) mobilizing second mes-
senger and DAG functions as an activator of protein
kinase C (PKC), respectively (Lee et al., 1999).
Presently, there are at least 14 known mammalian
PLC isozymes that are divided into six classes
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(PLC-p1-4, PLC-y1-2, PLC-01-4, PLC-¢, PLC-¢
and PLC-71, 2) (Rhee, 2001; Stewaet et al., 2005).
All PLC isozymes contain catalytic X - Y
domains as well as various regulatory domains,
including the C2 domain, EF-hand domain, and the
pleckstrin homology (PH) domain. PLC PH
domains have been shown to mediate protein-pro-
tein interaction, which indicates that they perform
functions beyond that of a Smple membrane tether
(Wang et al., 1999; Thodeti et al., 2000; Chang et
al., 2002). Among these PLC isozymes, the 0-type
isozymes are smaler (M: 85,000) than the PLC-8
and PLC-y (M. 140,000-155,000) isoforms, and
PL Cd isozymes are evolutionally conserved and are
thought to be the primary form in mammas. Mam-
malian PLCd1 isozyme was activated by G-protein
By subunits, thrombin and polyamines in vitro and
invivo (Banno et al., 1994; Lomasney et al., 1999),
but the regulatory properties of mammalian PLC3
differed from those of PLCd1 which was inhibited
by polyamines and sphingosine under in vitro con-
ditions (Pawelczyk & Matecki, 1997b, 1998). PLC
01 is expressed abundantly in most tissues (Lee et
al., 1999). Because of the presence of the pleckstrin
homology (PH) domain that shows a high affinity
for PI(4,5)P:, PLCo1 is generdly distributed at the
inner leaflet of the plasma membrane and in the
cytoplasm of various cdl types (Yagisawa et al.,
2006). In the lipid binding of recombinant PLCd1
PH-GFP protein, PLCd1 PH-GFP was strongly
bound to PI(4,5)P;, but it showed the low affinity to
PI(3)R, PI(5)Pand PI(3,4)P: (Véarnai et al., 2002).
We recently cloned PLCd of Mud loach (M.
mizolepis; ML-PLCd) and expressed them in E.coli
cells using pET vector (Kim et al., 2004). The
recombinant enzyme was purified to homogeneity
using immunoaffinity chromatography and showed
a concentration-dependent PLC activity to phos-
phatidylinositol 4,5-bisphosphate (PIP:) and its

activity was an absolute Ca?*-dependence which
was similar to mammalian PLCd isozymes (Kim et
al., 2004). The present studies were undertaken to
investigate the regulation properties of the express-
ing enzymein E. coli usng PLCd cloned from M.
mizolepis (ML-PLC)).

Materialsand M ethods

Congtruction, expresson and purification of re-
combinant PLCé

The congtruction of expression vector, recombi-
nant expression and purification of PLCd was
processed by previous report (Kim et al., 2004).
Briefly, the cDNA of PLCd was then cloned into
the unique EcoR [ and Hind]ll sitesin pET-self
vectors. The pET-PLCd was used for the expression
of PLCd asafusion protein with the 6 x Hisfrag-
ment at the N-terminus. For the expression of pET-
PLCo, the BL 21 (DE3) E. coli strain was used.
Transformed cells were grown in LB medium. At a
cell density (Asw) of 0.6, gene expression was
induced by adding isopropyl-1-3-D-galactopyra-
noside a a fina concentration of 0.4 mM. Trans-
formed cells were harvested after 3 h incubation at
18°C and directly analyzed by SDS-PAGE. Col-
lected cells were resuspended in ice-cold 1 x
homogenizing buffer (20 mM Trig/pH 7.9, 0.5 M
NaCl) and incubated at 30° C for 15 min, followed
by centrifugation at 20,000 g a 4°C for 20 min.
The supernatant was used for purification and activ-
ity assay of active ML-PLCd. For purification of
the expressed ML-PLC?, the His-bind system
(Novagen Co., USA) was employed. The super-
natant fraction was gpplied to the His-bind column.
After column washing with 1x wash buffer (20
mM Tris/pH 7.9, 60 mM imidazole, 0.5 M NaCl),
ML-PLCé was eluted in five fractions with 1 x
dution buffer (20 mM Trig/pH 7.9, 1 M imidazole,
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0.5 M NaCl). The pooled fractions were diayzed
and analyzed by SDS-PAGE and PLC activity

assay.

Assay of Phosphatidylinositol-4,5-bisphosphate
(PIP2)-hydrolysis

The PIP-hydrolyzing activity was assayed with
[*H]Ptdins (PI) or [*H]Ptdins-4,5-P: (PIP) as the
subgtrate. The Pl- or PIP-hydrolyzing activity was
measured with a cholate-mixed micelles, which
containing various concentrations of phospholipids,
respectively. The lipids in chloroform were dried
under a seam of nitrogen gas, suspended in assay
buffer containing 50 mM Hepes/pH 7.0, 0.08%
sodium deoxycholate, 1 mM ethylene glycol-bis(3-
5-aminoethyl ether)-N,N,N" N’ -tetraacetic acid
(EGTA), 100 mM NaCl, 100 #M CaCl:, and an
appropriate amount of enzyme in atotal volume of
200 ul. Reactions were initiated by the addition of
enzyme, performed for 15 min a 30C and termi-
nated by the addition of 1 ml chloroform/methanol
/HCI (100:100:0.6, v/viv), followed by the addition
of 0.3 ml of 5 mM EGTA in 1 N HCl. Samples
were subjected to vigorous vortex mixing for 30 s
and centrifuged at 21,000 x gfor 5 minto separate
the organic and agueous phases. The aqueous phase
(0.5 ml) was removed, dissolved in 5 ml liquid scin-
tillation fluid, and counted in a liquid scintillation
andyzer (Packard Co., USA).

Protein-lipid overlay assay

The ability of the proteins to bind different phos-
pholipids was examined using Protein-lipid overlay
assay. Commercialy available PIP-strip (P-6001;
Echelon Biosciences, Sdt Lake City, Utah, USA)
were blocked with 3% non-fat skim milk in TTBS
(200 mM Trig/pH 7.0, 1.37 M NaCl, 1% Tween-20)
buffer for 1 h. The membrane were incubated with
purified ML-PLC?d (0.3 (4/ml), in blocking buffer

for 14 ha 4°C. After washeswith TTBS buffer, the
membranes were incubated with rabbit anti His-tag
antibody (Novagen Co., USA) for 2 h at room tem-
perature, rinsed and washed as before, and then
incubated with phosphatase labeled goat anti-rabbit
1gG antibody (1:1000 dilution, Kirkegard and Perry
Laboratories. Co., USA) at room temperature for 90
min. The membranes were washed and expressed
proteins were visualized by AP conjugated Kit
(Bio-rad. Co., USA).

Protein determination

The protein concentration was determined by the
method of Bradford, and bovine serum albumin
(BSA) was used to cdibrate the assay.

Reaultsand Discusson

Purification and Identification of recombinant
ML-PLCd

The recombinant ML-PLCd protein was
expressed in E. coli by the method of Kim et al
(2004). The expressed recombinant ML-PLCé pro-
tein was purified usng Ni#-NTA &ffinity column.
The purified enzyme was assayed by the cholate-
mixed micelle assay containing [*H]PI and
immunoblot analysis. After the final chromato-
graphic step, the specific activity of purified recom-
binant ML-PLCé was 16.9 nmol/mg/min in the
presence of 5 M Pl and 0.1 mM of Ce*. To inves-
tigate the regulation properties of PLC9, we firstly
determined the effect of various concentrations of
Ca*, pH and SDC. As shown in Fig 1A, the Ca*
concentration yielding maximal activation of
recombinant ML-PLCé isozyme was about 96
nmol/mg/min at 3 x 10* M Ca&" for [*H]PIP:
hydorlysisand 18 nmol/mg/minat 3 x 10* M C&,
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Fg. 1. Effects of calcium, pH, and sodium deoxycholate
(SDC) of PLCd. The activity of ML-PLCd was assayed by
the cholated-mixed micelles assay as described in Maerids
and Methods. Reaction mixture containing purified
enzyme, 1 mM EGTA and various concentrations of caci-
um (A), pH (B) or SDC (C) inatota volume of 200 wf was
incubated a 30°C for 15 min. One hundred percent of PLC
0 activity was 16 nmol/min/mg with PI-hydrolyss (o) and
98 nmol/min/mg with PIP: hydrolysis (@), respectively.
Error barsrepresent SE.M. of triplicates.

for [*H]PI hydrolysis, respectively (Fig. 1A). The
optimum pH of ML-PLCd was between 7.0 and
7.5, and the PLC? activity was rapidly decreased at
lower pH than 6.5 or higher than 7.8 (Fig. 1B). In
addition, the optimum concentration of SDC for
PIP: hydrolysis was 0.08% in the fina concentra-
tion, which was dightly higher than that observed
for the PI hydrolysis (0.1%) (Fig. 1C). Enzymatic
properties of the recombinant ML-PLC?d for PIP:
hydrolysis were smilar to those of other enzymes
that were obtained from various mammalian tis-
ues.

Effectsof phospholipidson ML-PL Cé activity
Membrane phospholipids are the basic structura
components of eukaryatic cells which aso play an
important role in the control of diverse cellular
responses. Phospholipid-derived signaling is
thought to congtitute a complex signal network that
is mediated by not only phospholipase C (PLC) but
aso by PLA and PLD. One of the best character-
ized membrane-derived phospholipids is phos-
phatidylinositol-4,5-bisphosphate (PIP:), whose
hydrolysis by a phosphoinositide (PI)-specific
phospholipase C (PI-PLC) results in the generation
of diacylglyceral (DAG) and inositol-1,4,5-trigpho-
sphate (IPs). Phospholipase Cé1 bound weakly to
phospholipid vesicles composed of phos-
phatidylserine (PS) or phosphatidylcholine (PC) or
phosphatidylethanolamine (PE) + PC, and even
more weakly to vesicles composed of phos-
phatidylinositol. The phospholipase Cd1 enzyme
bound strongly to phospholipid vesicles composed
of PE + PC and phosphatidylinositol 4,5-bisphos-
phate (PIP.) or sphingomyein (SM) (Pawelczyk &
Lowenstein, 1993). Whesther the different phos-
pholipids may affect PIP: hydrolysis activity of
PLCé under the conditions of cholate-mixed
micelle assay, we were used, the mixed and dried
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Fig 2. Effect of nonsubstrate phospholipid on PIP: hydroly-
sis caayzed by PLC9. The reaction mixture for cholated-
mixed micelles assay contained 5 #M [*H]Ptdins-4,5-P:
(PIP,) and various concentrations of phospholipids as indi-
caed in the figure legends, 50 mM Hepes/pH 7.0, 0.08%
sodium deoxycholate, 1 mM ethylene glycol-bis(3-5-
aminoethyl ether)-N,N,N" N’ -tetraacetic acid (EGTA),
100 mM NaCl, 100 «M CaCl.. (®) Vescles were com-
posed of 5 M [*H]Ptdins-4,5-P. (PIP.) and various concen-
trations of PC; (0) Vesicles were composed of 5 uM
[*H]Ptdins-4,5-P: (PIP>) and various concentrations of PE;
(w) Vesicles were composed of 5 M [*H]Ptdins-4,5-P:
(PIP,) and various concentretions of PS. Error bars repre-
sent SEM. of triplicates.

severa phospholipids to make the cholate-mixed
liposome with various concentrations. As shown in
Fig 2, the enzymatic activity of ML-PLCd was
increased in concentration-dependent manner by
phospholipids, such as phosphatidyl ethanolamine
(PE), phosphatidylcholine (PC) and phos-
phatidylserine (PS). We dso examined the substrate
specificity of ML-PLCS. It showed the preferentia
hydrolyzing activity for PIP;, but did not hydrolyze
PC or PE (data not shown). The PIP:-hydrolyzing
activity of ML-PLCé was increased dose-depen-
dent manner by phosphocholine but not phospha
tidic acid (Fig. 3).

Effects of bagic protein, polyamines and sphingo-
sneon ML-PLC?é activity

The regulation of PLCd1 criticaly depends on
phosphoalipid, polyamines, and Ca*. Sphingomyelin
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Fg 3. Effects of phosphocholine and phosphetidic acid on
activation of PLCd. (A) The activity of ML-PLCd was

assayed by the cholated-mixed micdlles assay as described
in Materials and Methods. Reaction mixture containing
purified enzyme, 50 mM Hepes/pH7.0, 1 mM EGTA,
0.08% SDC, 0.3 mM C&* and various concentrations of
phosphocholinein atotal volume of 200 ¢ wasincubated at
30C for 15 min. One hundred percent of PLCd activity was
98 nmol/min/mg with PIP: hydrolysis. (B) The reaction
mixture for cholated-mixed micdlles assay contained 5 M
[*H]Pdins-4,5-P: (PIP;), 40 M phosphatidylethanolamine
(PE) and various concentrations of phosphatidic acid (PA)
as indicated in the figure legends, 50 mM Hepes/pH 7.0,
0.08% sodium deoxycholate, 1 mM ethylene glycol-bis(8-5-
aminoethyl ether)-N,N,N" N -tetraacetic acid (EGTA), 100
mM NaCl, 100 M CaCl.. Error bars represent SEM. of
triplicates.

(SM) isthe most effective of the phospholipids test-
ed for its ability to inhibit PLCd1. Sphingosine,
which is on the pathway of SM degradation, acti-
vates PLCO1 moderately. Previoudly it has been
reported that sphingosine moderately activates PLC
01 in the absence of spermine (Pawelczyk &
Lowenstein, 1997). Also, in the presence of 1 mM
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Fig. 4. Effect of polyamines on activation of ML-PLCS.
The activity of ML-PLCd was assayed by the cholated-
mixed micelles assay as described in Maerids and Meth-
ods. One hundred percent of PLCé activity was 16
nmol/min/mg with Pl-hydrolysis (@, ¥) and 98
nmol/min/mg with PIP: hydrolysis (0, V) repectively.
Reection mixture containing purified enzyme, 50 mM Hep-
espH7.0, 1 MM EGTA, 0.08% SDC, 0.3 mM Ca* and
various concentrations of polyamine in a totd volume of
200 u( was incubated a 30°C for 15 min. Sperimine (@,
0) and spermidine (W, V) was present at the concentra-
tionsindicated.

Error barsrepresent SE.M. of triplicates.

C&*, the hydrolysis of phosphatidylinositol by
phospholipase C of human amnion tissue was
increased greatly by spermine and spermidine
(Sagawacet al., 1983). Recently it has been reported
that PLCd1 activity is significantly enhanced by
both guanosine thiotriphosphate (GTPyS) and
Clostridium botulinum exoenzyme C3 (C3) but not
by aluminium fluoride (Hodson et al., 1998). To
study the regulatory properties of ML-PLCé by
basic protein (lysozyme, thromhbin), small G protein
(GTPyS), polyamines (spermine, spermidine) and
sphingosine, we determined the enzymétic activity
of ML-PLCd using the cholate-mixed micelle assay
invitro.

It appeared that the enzymatic activity of ML-
PL Co was not directly affected by the basic protein,
such as thrombin and lysozyme or GTPyS (data not
shown). However, the enzymatic activity of ML-
PLCo was increased in a dose-dependent manner

Activity of PLCS (%)

=

Sphingosine (pM)

Fg. 5. Effect of sphingosine on activation of ML-PLCS.
The activity of ML-PLC0d was assayed by the cholated-
mixed micelles assay as described in Maerids and Meth-
ods. Reection mixture containing purified enzyme, 50 mM
Hepes/pH7.0, 1 mM EGTA, 0.08% SDC, 0.3 mM Ca* and
various concentrations of sphingosine in atota volume of
200 ¢ wasincubated a 30°C for 15 min. One hundred per-
cent of PLCé activity was 98 nmol/min/mg with PIP: hy-
drolyss. Error barsrepresent SE.M. of triplicates.

by spermine and spermidine (Fig. 4). In addition, it
was inhibited in adose-dependent manner by sphin-
ogosine (Fig. 5). Our results were different from the
previous report that the activity of mammalian PLC
01 and 3 is stimulated polyamines and basic pro-
teins (Haber et al., 1991; Pawelczyk & Matecki,
19973, 1997b), and mammalian PLCd1 isozyme
was dso activated by G-protein 8y subunits, throm-
bin and polyamines in vitro and in vivo (Banno et
al., 1994; Lomasney et al., 1999).

Protein - lipid binding assay

PLC contains various domains, X -Y, C2, EF-
hand, PH domains. PLC PH domains have also
been shown to mediate protein-protein interaction,
which indicates that they perform functions beyond
that of a simple membrane tether (Wang et al.,
1999; Thodeti et al., 2000; Chang et al., 2002). The
PLCé PH domains hind specificaly and with high
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affinity to membranes containing PIP: (Rebecchi et
al., 1992; Pawelczyk & Lowenstein, 1993; Fergu-
son et al., 1995; Garcia et al., 1995). Deletion
analysis of PLCd1 and studies of its isolated PH
domain indicate that this domain is responsible for
direct membrane tethering by binding to Pi(4,5)P..
Among the PI-PLC isozymes, only the PH domain
from PLCd1 has been studied in terms of its phos-
pholipid binding properties; it was shown to have
high affinity, stereospecific binding to IP: and
P1(4,5)P.. In the lipid binding of recombinant PLCo
1 PH-GFP protein, PLCé1 PH-GFP was strongly
bound to PI(4,5)P, but it showed the low to PI(3)P,
PI(5)P and PI(3,4)P: (Vamnai et al., 2002). Howev-
e, ML-PLC? interestingly revealed the presence of
a 22-residue amino-termina extension that is lack-
ing in the mammalian PLC? isozymes (Kim et al.,
2004). Invedtigating the lipid dependence of ML-
PLC¢, we used lipid-binding assay. In the lipid-
binding assay, ML-PLCé was strongly bound to
LPA, PI(3)R, PI(4)P, PI(5)R, PI(35)P,, PI(4,5)P.and
PA, but it was showed the low affinity to S1P,
PI(3,4)P: and PS (Fig. 6). The PH domain of human
PLCé1 was strongly bound to PI(4,5)P: and
PI(3,4)P: but it was dightly lower affinity to P,
Pl(4)P and PI(3,4,5)P: (Vana et al., 2002). This
difference might reflect some digtinctions in inosi-

'

Lysophosphatidic Acid 9 Sphingosine- 1-phosphate

Lysophosphocholine PtdIns(3,4)P;
(PI) Ptdins PidIns(3,3)F;
Ptdins(3)P PtdIns(4,5)P:
Ptdins(HP = ) PtdIns(3,4,5)P;

Ptdins(5)P (&5 Phosphatidic Acid (PA)

(PE) Phosphatidylethanolamine Phosphatidylserine (PS)

(PC) Phosphatidycholine Blank

Fig 6. Effects of binding on phosphalipids by ML-PLCg.
The phosphalipids binding assay of ML-PLC¢ was assayed
by the protein-lipid overlay assay .

tol-lipid binding specificity or subcdlular locdiza
tion between piscine ML-PLCé and mammalian
PLC?d isozymes.
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