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요 약. 쥐의 미크로좀포스포리파제 D(PLD)를센이온세기 상태에서 0.2% taurodeoxycholate-f- 사용하여 

용해시켰다. 포스포리파제。의 활성은 기질로 방사성 동위원소로 표지 된 dipalmitoylphosphatidylcholine-1- 사 

용하여 생성 된 phosphatidic acid(PA)를 측정하여 결정하였다. 용해된 PLD의 최적 pH와 온도는 각각 6.5와 30 
•C로서 용해되기 전 미크로좀 상태의 PLD와 비슷하였다. 올레산의 활성화 효과는 4 mM 농도에서 관찰되었다. 

PLD 활성도에 미치는 금속이온 영향을 조사한 결과 Mg2+, Ca2+, SL, Ba2+4 같은 알칼리 토금속은 모두 PA 생성 

을 촉진시킨 반면, Cu2+, Cd2+, Al3+, Ni2+, V5* 억제하였다.

ABSTRACT. Microsomal phospholipase D (PLD) in rat brain was solubilized employing 0.2% taurodeoxy- 
cholate in high ionic strength. Phopholipase D activity was determined by measuring product phophatidic acid 
(PA) using isotope-labelled dipalmitoylphophatidylcholine as a substrate. The solubilized PLD showed an optimal 
pH of 6.5 and the highest activity at 30 °C. These properties were similar to those of microsomal PLD before 
solubilization. The stimulatory effect of oleic acid was observed at the concentration of 4 mM. When effects of 
metal ions on PLD activity were examined, alkaline earth metals such as Mg2+, Ca2+, Sr2+, Ba2+ promoted the PA 
production but Cu2+, Cd2+, Al3+, Ni2+, V5+ 아］owed inhibitory effects.

INTRODUCTION

Phospholipase D (PLD) acts to catalyze the hy
drolysis of phospholipids to yield phosphatidic 
acid (PA) and the corresponding head groups.1 
PLD activity has been identified in a wide variety 
of cell types and organisms from bacteria, yeast, 
plants, and mammals.2 The product PA is thought 

to act as an effector for a broad spectrum of phy
siological processes including secretion, DNA syn
thesis, and cell proliferation.3 Therefore cellular 
PLD is emerging as one of major component in re
ceptor-coupled signal transduction.4 Numerous stu

dies demonstrated that activation of PLD in mam
mals occurred via several pathways involving pro
tein kinase C, heterotrimeric GTP-binding proteins, 
or small G proteins of the ARF and Rho families.5 
Recently genes encoding PLD have been pub
lished for castor bean, rice, human, and yeast.6

In spite of the wealth of report concerning the 
possible function of PLD, only limited information 
is available about the molecular properties of PLD 
because of slow progress in obtaining purified PLD. 
A major obstacle to purification of PLD probably 
due to the membrane-bound nature of PLD and the 
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multiplicity of activation pathways involved in PLD.4 

Furthermore in vitro assay conditions for PLD are 
complicated by interfacial interaction of substrate 
phospholipid with the enzyme protein like other 
phospholipases.7 Therefore the PLD activities ob
served from many mammalian tissues and cell lines 
differ each other in their subcellular localization,8""11 
pH optima,10,12 dependence of divalent cation,8,10 ac

tivation factors such as phosphatidylinositol 4,5-bis- 
phosphate (PIP2),5 ADP-ribosylation factor (ARF),5 
and oleate.9 In order to resolve these issues of am

biguities of PLD properties, many groups have at
tempted to solubilize the particulated PLD from vari
ous sources and tried to isolate homogenous PLD. 
Since Taki and Kanfer tried to purify PLD from rat 
brain using detergent Miranol in 1979,8 various 

types of detergent were examined including Triton 
X-100.13,14 Recently two major forms of PLD ac

tivity, oleate-dependent and ARF-dependent, were 
resolved by HPLC on a heparin-5PW column con
taining octylglucoside.16 The ARF-dependent PLD 

was also partially purified from cholate extracted 
PLD of porcine brain.17

In this study, taurodeoxycholate, another anionic 
detergent, was examined its effectiveness of solu
bilization capability on microsomal PLD in rat 
brain. The taurodeoxycholate-solubilized PLD was 
partly characterized including metal ion effects.

EXPRIMETAL

Materials. l,2-di[l-14C]palmitoyl-L-3-phospha- 
tidykholine ([14C]PC, 112 |iCi/|iinol) was purchased 
from Amersham (Aylesbury, U.K.). Sodium ole간e, 
N-2-hydroxyethylpiperazine-N'-2-ethanesulfonic acid 
(HEPES), 2-[N-morpholino]ethanesulfonic acid 
(MES) and taurodeoxycholic acid (TDC) were ob
tained from Sigma Co. (St. Louis, U.S.A.). Pre
coated silica gel TLC plate (Kieselgel 60 F254) was 
obtained from Merck (Darmstadt, Germany). Crude 
egg phosphatidylcholine (PC) from Sigma was pu
rified by aluminum oxide column (neutral type). 
Phosphatidic acid (PA) was prepared from PC using 
cabbage PLD according to the procedure described 
previously.18
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Preparation of microsomal fraction. Wistar 
rats (female, 4 week-old) were sacrificed by decapi
tation and whole brains were homogenized in 10 
volumes of 0.32 M sucrose solution. Nuclei and un
broken cells were sedimented at 10,000 g for 10 
min and the resultant supernatant was centrifuged at 
100,000 g for 60 min to obtain microsomal fraction.

S이ubilization of microsomal PLD. Solubiliza
tion was routinely performed in an ice-water bath. 
The microsomal fraction was suspended with 2 ml 
HEPES buffer (pH 7.0) solution containing 500 
mM NaCl and 0.2% taurodeoxycholate and then 
sonicated with ultrasonic microtip for 10 times in 
pulsed mode at the intensity of 그0. The mixture 
was incubated at 4 °C for 30 min with several mild 
vortexing and then centrifuged at 100,000 g for 60 
min to obtain the solubilized protein extract. An 
aliquot of 25 卩 1 of this extract was used for the as
say of solubilized PLD activity.

Assay of phospholipase D. The standard reac
tion mixture consisted of 0.4 mM PC with 0.1 |iCi 
[14C]PC (0.9 nmol), 20 mM CaCl2, 25 mM KF, 5 

mM sodium oleate, 40 mM HEPES buffer (pH 7.0) 
and 25 卩1 protein (about 70-400 |ig) in total 
volume of 100 gl. PC and sodium oleate were lyo
philized in microcentrifuge tube by a stream of ni
trogen gas. The reaction mixture after added 
HEPES buffer containing other reagents was son
icated for 1 min in a bath-type sonicator. The reac
tion was started by addition of 25 p,l of the en
zyme source and incubated for 90 min at 30 °C. 
The reaction mixture of zero time incubation was 
taken as the blank. The reaction was terminated by 
addition of 1 ml of chloroform: methanol (2:1) 
solution. The extracted phospholipids with carrier 
PA were separated on TLC plated employing an 
organic solvent system (chloroform:methanol:ace- 
tone:acetic acid:water=50:15:15:10:5 by volume). 
The spot of PA (Rf=0.62) was identified by stain
ing the plate with iodine vapor and was scraped 
off into vial for quantification by liquid scin
tillation counting with an efficiency of 85%. Pro
tein concentration was measured by the method of 
Bradford19 using ovalbumin as a standard. Phos
pholipids was deteimined by the method of Bartlett.20
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RESULTS AND DISCUSSION

Solubilization of microsomal PLD. Detergent 
and salt are known to be critical for solubilizations 
of membrane-bound proteins. In a series of ex
periments to search for proper detergent for solu
bilization of brain PLD, we found that tau
rodeoxycholate (TDC) has a stimulatory effect on 
the PLD in brain. Therefore the effect of tau
rodeoxycholate on the PLD activity was examined 
in the condition of solubilization (Fig. 1). The 
PLD activity showed maximum at concentration of 
0.05% TDC in both solubilized supernatant and 
pellet fraction. This activational effect of anionic 
bile salt was similar to previous report.21 For solu

bilization of microsomal PLD, various concentra
tion of TDC was examined in the range of 0.1- 
0.8% (Fig. 2). The solubilized PLD activity was 
fairly lost in higher concentration over 0.2% TDC, 
even though the amount of solubilized protein was 
increased. This implies that the concentration of 
TDC in solubilization is very critic이 to retain the 
PLD activity as well as for the activation of PLD. 
Therefore the PLD assay had to be performed un
iformly in the presence of 0.1% TDC. At 0.1-0.4% 
TDC, the PLD activity in solubilized fraction was
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Fig. 1. Effect of taurodeoxycholate on PLD activity. 
PLD activity of 1000 cpm/ mg protein is equivalent to 
0.140 nmol PA/ mg protein/hr. The solubilization medi
um contained 500 mM NaCl and the salt was diluted to 
1/4 in assay mixture. (▲) original suspension of mi
crosome; (■) solubilized supernatant; (□) resuspended 
pellet.
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Fig. 2. Solubilization of PLD with taurodeoxycholate. 
All solubilizing medium contained 500 mM NaCl. Each 
assay was performed at final concentration of 0.1% 
TDC and 125 mM NaCl. (▲) original suspension of mi
crosome; (■ ) solubilized supernatant; (口)resuspended 
pellet.
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higher than in original suspension of microsomes. 
Thus the ratio of solubilization ccmld not be es
timated in terms of a total solubilized activity re
lative to original suspension of the microsomal ac
tivity, which is well above 100% at 0.2% TDC. At 
this concentration, however the solubilization ratio 
could be estimated as 70% in terms of total ac
tivity present in supernatant relatively to the sum 
of the activity of solubilized supernatant and pellet. 
When the effect of NaCl on solubilization of PLD 
was examined with various concentration of salt at 
0.2% detergent concentration, it was apparent that 
solubilization increased gradually up to 1,500 mM 
NaCl (data not shown). However the 500 mM 
NaCl seemed to be more proper concentration than 
1,500 mM in respect to column works for pu
rification as well as recovery of the solubilized en
zyme. Nonetheless the ionic strength of the solu
bilization medium is critical, because interaction 
between membrane-bound pioteins can be polar (e.g. 
ionic interactions) as well as non-polar. The ionic in
teraction was reduced with increasing salt con
centration leading to a more effective dissociation of 
membrane proteins from s이uble molecules as well 
as from other non-soluble membrane constituents.

Properties of solubilized PLD. The pH depen
dence of solubilized PLD was shown in Fig. 3A.
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Fig. 3. Properties of solubilized PLD. (A) MES buffer 
(100 mM) for the pH range of 5.6 to 6.5 and HEPES 
buffer (100 mM) for the range of 7.0 to 8.0 were em
ployed. (B) Effect of temperature. (C) Effect of sodium 
oleate. Reaction was carried out with 130 gg protein.

The solubilized PLD has the optimal activity at pH 
6.5. When effect of incubation temperature on the 
enzyme activity was investigated, its optimal tem
perature was found to be around 30 °C (Fig. 3B). 

These properties were similar to that of microso
mal PLD before solubilization (data not shown). 
Sodium oleate, which was used as an activator for 
the oleate-dependent PLD assay, was examined its 
effectiveness on the solubilized PLD activity (Fig. 
3C). The optimal concentration of oleate was 
found to be 4 mM. This concentration agreed with 
that of microsomal PLD before solubilization even 
the quantity of solubilized protein used in the as
say was one third of the microsomal protein. It has 
been demonstrated previously that optimal ac
tivation by oleate was influenced by the molar ra
tios with microsomal protein and PC substrate.21 

Hence the reported optimal value of 4 mM of 
oleate per 100 |ig of solubilized protein is likely to 
conespond to 300 卩g of microsomal protein.

Metal ion effect. Effects of various metal ions 
on the activity of solubilized PLD were examined 
(Table 1). All metals examined had chloride base. 
Cu2+, Cd*, Al3+, Ni2+ and V5+ inhibited the PA 
production, while Li*, Mg2+, Ca2+, Sr2+, and Ba2+ 

showed some stimulatory effects. It is noticeable 
that all of alkaline earth metal ions tested stimu
lated the PA production. Especially, Ca2+ and Ba2+ 

showed unusually high degree of stimulatory ef
fects. In the case of partially purified PLD of rat

Table 1. Effects of various metal ions on the solubilized 
PLD activity of rat braiil

Metal ion
PA production

nmol/mg 
protein/h ratio3

EDTA 0.31 1.00
Cu2+ 0.08 0.24
Cd2+ 0.09 0.30
A产 0.11 0.34
Ni2+ 0.12 0.37
v2o5 0.20 0.66
Li+ 0.40 1.28
Mg2+ 2.16 6.91
Ca2+ 4.59 14.66
Sr2+ 3.34 10.67
Ba2+ 8.94 28.59

The concentration of all metal ions except V2O5 was 15 
mM in the presence of 5 mM of pre-added EDTA. 
aThese values were compared with that of reaction con
taining only EDTA.
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brain Mg2+ did not stimulate the PLD activity, be

cause probably due to an absence of PKC in pu
rified state.8 In many cell types, the dependency of 
PLD activity on Ca2+ ion have been shown fre
quently,22,23 whereas stimulation by barium ion has 
been observed only one case.24,25 When concentra

tion dependency of calcium and barium ions on 
the solubilized PLD activity were investigated, 
both ions promoted the PA production in a con
centration dependent manner (data not shown). At 
30 mM of calcium and barium ions, PLD activities 
were observed to be 17 and 30 nmol/mg protein/hr, 
respectively. While the effect of alkaline earth me
tal ions on promoting the PLD activity was evi
dent, elucidation of molecular mechanism for the 
metal effects definitely requires further studies.
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