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Partial Purification and Characterization of Phosphatidylcholine
Hydrolyzing Enzyme from Liver Membrane of Flounder,
Paralichtys olivervaceus
Sang Hwan Lee, Jung soo Seo, Na young Kim, Hye Kyung Eom, Hyo jin Wee,

Seong Il Park and Joon-Ki Chung'
Department of Aquatic Life Medicine, Pukyong National University, Busan 608-737, Korea

In the present study, phosphatidylcholine (PC) hydrolyzing enzyme had been isolated from membrane of
flounder liver. PC hydrolyzing enzyme solubilized in 1% Triton X -100 from membrane was partially puri-
fied by sequential chromatography on Heparin Sepharose CL-6B and Heparin-5PW columns. The products
by membrane-bound hydrolyzing enzyme were identified as phosphatidic acid and choline, but in the pres-
ence of primary alcohol, phosphatidylethanol was produced at the expense of phosphatidic acid. These data
suggest that membrane-bound enzyme may be a PC-phosphoipase D (PLD) type. The enzyme had pH opti-
mum at below 6.0 and temperature optimum at 37 +. The activity of PC-PLD was dose-dependently
increased by Ca** but not Mg™. The activity of PC-PLD was stimulated by PC, PIP: and PE
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Phospholipase D (PLD)x= Phosphatidylcholine
POE 7Hrialste] ot 328, A73AY,
A% QA=Y 71 & GFE WA, Tt Al
2] AoHGH EH]7)1F el Jof Fa3 9
£ 3 FHoE 4#A Y (Frohman et al.,
1998). PC7F PLDo| 98] 7h83) =¥ phos-
phatidic acid (PA)$} cholines A§A33HH, AR
PAT 23t A EFE2A IFFHL A EQARE,
Z24), actin 232}, hormone-induced steroidoge-
nesis 59 &) #ojgt} (Exton, 1994; Billah,
1993; Lauritwen et al., 1994; Amsterdam et al.,
1994). =% PLDE 12} 4Fo] TFE 79 PC
£ 713l 3ed Phosphatidylethanol (PEtOH)E
A A &= transphosphorylation ¥+ HolA
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(PE), phosphatidylinositol 4, 5-bisphosphate (PIP:),
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Autoradiography
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Z8)¥ sample2 Heparin Sepharose columnS
ol &3l F-E|AHA ¥, choline releasing activity
£ 374 39T (Fig. 1A). A4 ©d R
el Y, A3 JoF olFojzl RE
choline releasing activity (cpm)& YERH I, A
S AFPY T 93 NaCl 5% HskE
YePR I Qo 3714 €48 4 veille ¥
 38~431H-g Th #4921 Heparin-5PW 2 &
ol &3t ®8A sHTt (Fig. 1B). 1 A%
fraction 2081l A 7MY & &4 & UepliE A
= #AFFE 5 YA
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Fig. 1. Chromatography of choline releasing activity
through a Heparin-Sepharose column (A) and HPLC
Heparin-5PW column (B). Membrane from flounder liver
were prepared, extracted, and processed as described under
experimental procedures.
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o] autoradiography & 4 A3+ T

A LA FRol| thgl autoradigraphy Z 3ol A
B8 PCIFEES E4E 10% g0 X3
H 739 PAS} phosphatidylethanol (PEtOH)E 4§
ke Ag THE F AR, 10% g0l
EFEA F2 7-¢olE PEOHS B2 #%
HA] o8y @A PARY FEEHJIT (Fig. 2A). 1
g3 F84 FEo dH$ auoradiography 23}
oAl choline /8-S S 4 AUt (Fig. 2B).
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Fig. 2. Reaction of products formed from hydrolysis of PC.
The substrate vesicle comprised PE, PIP: and PC in a molar
ratio of 16:1.4:1 with [*H]dipalmitolyl PC and [*H]dipalmi-
tolyl PC to yield 200,000 cpm per assay. After incubation
for 1hr at 37°C, the lipid products were analyzed by TL.C
and visualized by Cyclone Storage Phosphor system
(Packard, Co. U.S.A).
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Fig. 3. Effect of pH (A), temperature (B) and incubation
time (C) on choline releasing activity. Choline releasing
activity fraction were incubated with phospholipid substrate
vesicles in reaction mixture under various pH, temperature
and incubation time. Results are the mean + S.D. from
four independent experiments.
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Fig. 4. Effect of changes in the concentration of Ca* and
Mg on choline releasing activity. The choline releasing
activity fraction were measured in the presence of five dif-
ferent concentration of Ca* and Mg*. Results are the mean
=+ S.D. from four independent experiments.
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= 076 pM oA 7 w2 EA8 AT
T UNeH, 1L oo vt H Ao 84
of FaEHE AL TEAY F AT PIP.oY| S
2 236~4.7 pM FEANA T BAS YE}
e As 32 3 5 e PE tid g3k
& 268 uM FEANA 7HF B2 &S JER
= A< B £ AN} (Fig. SA, B and €).



=) Zhol] glo} 7hpial aae] HEAA R

6000
£ 5000 1
2
2
G 4000
-]
£
[7]
s 3000 4
e
£ 2000 4
B
£
S
1000 4y v - -~ )
0 2 4 6 8
PC (uM)
__ 6000
£
o
S 5000 4
g 4000 o
1%}
©
2 3000 4
1]
[
L]
3 2000 4
@
£ 1000 4
e
£
b
o Ly v - r L L] B |
0 2 4 [ 8 10
PIP, (UM)
6000 -
3
& 000 4
£
2 4000 A
b3l
o
2 3000
[}
P
-E 2000 4
g
£ 1000 4
£
o
0 < v T L) ¥ L4 L ¥
0 20 4 60 80 100 120
PE (uM)

Fig. 5. Effect of changes in the concentration of PC (A) ,
PIP; (B) and PE (C) on choline releasing activity. The
choline releasing activity fraction were measured in the
presence of five different concentration of PC, PIP, and PE.
Results are the mean + S.D. from four independent experi-
ments.
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8= PC 7kl ol ohel AudHotch Tri-
ton X-1008 AF2-3}le] membrane & 25 PC 7}
FR& A4E ¥ H, affinity columng &
o] EAA e, £28 PC 7R
F Ao thdt autoradiography S F38l A4S A
A)8+A T} (Scherer ef al., 2002). PC-PLD9] 3%
PCE 7}rislsta] PAS} cholineS A§AlSh=
EAS 7ML AN 12} GF ol EASE A
£ PLD¥E transphosphatidylation ¥F-3-& 3}oq
PEIOHS AAstes F8¢& 54F 7HAH
(Kobayashi et al. 1987), ©|2%t 542 PLDY &
Aol el FAS TArt Ak B AR
autoradiography Z 3ol A, 10% o eRE-o] X3Hd
735 PEIOHS] S B3l 9x o] =57&
ozRy ¥t pC /s £4F PC-PLD
AL AT & AUATE

thekst Fof PLDO tigt Askety Aol &
3 A= gol olF Mtk X879 739 Kan-
fer 59| Aol PLD| the 54 Fgo] A
o7 AHAHYCH (Saito et al., 1973), T F
EA ) gigh B2 A7 FEHEAT HA
RatZ5-E £e]3F PC-PLD g Aslsts &
A Amud FHee] who 2 HE E2g PLDO
749 HA pH6.0,27F 0|20 Ca* % Mg™ell ¢
Z29) Ao ® BYHJL (Chang, 1992), F ]
2H5E Egl3 synaptosomal PLD®] 73-5- AA
pH 7.2, Mg*(<1 mM)oll thal] wi-¢- 2}&A]1 A
o2 BIEYCW (Chalifa et al., 1990), F 2]
frontal cortex 258 E&|3F PLDe A5 A
pH 7.2,27}F ©]23] Ca*$t Mg*oll oJsliMe o
A7b dojdtty B HAUT (Nishida et al.,
1992). T3 Kanoh Toll &3t AolA H=E
Hel 23 PLDY A$- 373 pH7.1~7.3,27}
o] Ca*9} Mg»el SJsfirls A7t dojdtt
3 BIHT}H (Kanoh ef al. 1991). FZHE g
B PC-PLD9| 7% YRS ZE pH 7.009,
synaptosomal PLDE #| €]t 2 PLDOlAIE 2
7} ol el o3l g4 At doive Ae &
& AL T3 H A9 HERE Felg PLD2
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7% A pH 6.6°15, Ca <} Mg™dll 23]
gAE ety B EAT} (Okamura et al.,
1994). 18] 3 Qlzke 2 HE] H-2]g vt PLDS]
3% A4 pH7.0~7.5, ©]7} ©]& Ca*<} Mg*oll
oJsl AI7F dojdtiy HIEAT} (Vinggaard
etal., 1995). ¥ A3l #&€ PC-PLD2 A
3138 54 2 A% pH6.0 olstel *Vé Eral
A =2 gL )y ¢l oA 2 ZHFO
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ol& Kol Ut} o] AHE Fa ofFell EA
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B ohlet g, 715 H< Aolg HY A
O 2 Alg Hojlth T1E)a o7} o] 28] A=
FE Ca*9 4% 5% oEAA g% won,
Mg»e] 7% 54 B (1.25mM) o143l
g4 oQAE OL?-;} T AATE TEkA] o
PC-PLD9] 79~ Ca®$} Mg»ol sl 2+
= = 7}12 A F AN, 53 ¥
EH AFE Hole Cavdll €3 PLD 24
ZAHE AR AR Holxth
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EF72 7-%, ADP-ribosylating factor (ARF),
Rho A9} 72 small GTP-binding protein} pro-
tein kinase C (PKC) 59 432 W& PLDI &
glo} S WA & PLD2 FEE o) A]
+ 5&< 7X2 Avt (Hammond et al., 1995;
Han et al., 1996). & A gNM = olafg 242l
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Heparin-5PW Z-4-& o]-&-ato] F2]3A] staith

Aoz PC 7hEsiEsel gk vh3- - A4
5 &ls}l7] 98l autoradiography E A A3
o) X84 FEeo] Aol A wansphosphatidyla-
tion RH-&-9] A3E<?] PEIOHS 3Adste Ao=E
Hol PC-PLDYS & + Ut

@izl PC 7}»’?—56}1@&011 &k sty 5
A& ZAR A3 A pH7E 6.5018H¢) A =
A % 37Ce wjkE oA H7 84S veh
om 27} o] &Eo & gske] AY- AFES
L67mM FEoA H &4 YER S, vl
g 4o F3S AR dsteh 24 AlE
uk 71 de) gk JeS A A4 PCE 0.75
pM, PIP:E= 2.35 uM, PE= 26.8 pM T =04 &
A 8438 VRS ol te] AFE dA 7
ZAeo] HERE Tk PCE 7HrRAR

4% PC-PLD7F £A48HS & & ddth
At 29

Morris, A. J. Frohman, M.A. and Engebrecht, J. :
Measurement of phospholipase D activity.
Anal. Biochem., 252 : 1~9, 1997.

Zhang, F., Zhao, G. and Dong, Z. : Phosphatidilcol-
ine-specific C and D in stimulation of
RAW264.7 mouse marcrophage-like cells



ga 7k glo} sheal Ao FEAA %

by lipopolysaccharide. Inte. Immunopharm.,
1:1375~1384,2001.

Wakelam, M.J.O. : Diacylglycerol - when is it an
intracellular messenger? Biochim. Biophsy.
Acta, 1536 : 117~126, 1998.

Shin, I. C. and Han. J.S. : Phosphatidylchoine-spe-
cific phospholipase C-mediated induction of
phospholipase D activity in Fas-expression
murine cells. Biochem. Mol. Biology., 126 :
445~453, 2000.

Exton, J. H. : Phosphatidylcholine breakdown and
signal transduction. Biochim. Biophys. Acta,
1212 :26~42, 1994.

Saito, M. and Kanfer, J.N. : Solubilization and
properties of a membrane-bound enzyme
from rat brain catalyzing a base-exchange
reaction. Biochem. Biophys. Res. Commun.,
53:391~398, 1973.

Hammond, S.M., Altshuller, Y.M., Sung, T.C.,
Rudege, S.A. Rose, K., Engebrecht, J., Mor-
ris, A.J., and Frohman, M.A. : Human ADP-
ribosylation factor-activated phosphatidyl-
choline-specific phospholipase D defines a
new and highly conserved gene family. J.
Biol. Chem., 270 : 29640~29643, 1995.

Hammond, S.M., Jenco, J.M. Nakashima, S.,
Cawallader, K., Gu, Q., Cook, S., Nozawa,
Y. Prestwich, G.D., Frohman, M.A. and

au

779 137

Morris, A.J. : Characterization of two alter-
nately spliced forms of phospholipase D1.
Activation of the purified enzymes by phos-
phatidylinositol 4,5-bisphophate, ADP-ribo-
sylation factor, and Rho family monomeric
GTP-binding proteins and protein kinase C-
a.]J. Bio. Chem., 272 : 3860~3868, 1997.

Rizzo, G.R. : Pharmacological importance of phos-
pholipase D and phosphatidic acid in the
regulation of the mitogen-activated protein
kinase cascade. Pham. Thera., 94 : 35~50,
2002.

Viggaard, H.S.H. : Characterization and partial
purification of phospholipase D from human
placenta. Biochim. Biophys. Acta, 1258 :
169~176, 1995.

Han, J.S., Chung, J.K., Kang, H.S., Donaldson, J.
and Bae, Y.S. : Multiple forms of phosholi-
pase D inhibitor from rat brain cytosol. J.
Biol. Chem., 271 : 11163~11169, 1996.

Vinggaard, A.M. and Hansen H.S. : Characteriza-
tion and partial purification of phospholipase
D from human placent. Biochim. Biophys.
Acta, 1258 : 169~176, 1995.

Manuscript Received : January 22, 2004
Revision Accepted : April 26, 2004
Responsible Editorial Member : Kwan-Ha Park
(Kunsan Univ.)



	133-1: 
	133-2: 


