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ABSTRACT

Mark R. Smith, Ya-Lun Liu, Sue Goo Rhee and Hsiang-Fu Kung (1995) Phospholipase C signalling.
Zoological Studies 34(3): 141-148. Lipids were originally thought to play important roles only in energy
storage and membrane structure. Recent experimental evidence indicate that phospholipids also play critical
roles as mediators in cell activation and signal transduction. Phospholipases are the key enzymes that
regulate various signalling pathways. Inositol phospholipid-specific phospholipase C (PLC) catalyzes the
hydrolysis of phosphatidylinositol 4,5-bisphosphate (PIP2), to generate inositol triphosphate (IP3) and dia
cylglycerol (DAG) in response to several receptor-binding growth/differentiation factors, hormones, and
neurotransmitters. The hydrolysis products serve as intracellular second messenger molecules which amplify
the initial signalling events leading to cellular calcium mobilization by IP3 and protein kinase C (PKC) ac
tivation by DAG. In this article, we address two aspects to PLC signalling: 1. characterization, purification
and molecular cloning of PLC isozymes; and 2. mitogenic and catalytic activities of PLC isozymes. In addi
tion to reviewing published data on PLC signalling, we have included new data that examine the mitogenic
activity of the PLC isozymes. PLC-,B and PLC--y induce DNA synthesis after microinjection into quiescent
NIH/3T3 cells, while PLC-IJ does not exhibit this activity. Monoclonal antibodies to PLC--y were shown to
block serum-stimulated growth of NIH/3T3 cells and several oncogenes transformed NIH/3T3 cells (fes, src,
ras and mos), yet Raf transformed cells were not inhibited by antibody injection. Thus, PLC--y signalling is
required for serum- and (fes, src, ras and mos) oncogene-induced proliferation of fibroblasts.
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INTRODUCTION

Although inositol phospholipids comprise less
than 10% of the total cellular phospholipid pool,
their turnover induced by agonist accounts for a
significantly higher percentage of total phospholipid
turnover. It is clear that the products derived from
phospholipid breakdown serve as second mes
sengers during agonist-induced receptor activa
tion. In addition to the well-established second
messengers (cAMP and cGMP), evidence is mount
ing for the existence of additional second mes
sengers, e.g., inositol 1,4,5-triphosphate (IP3) and
1,2-diacylglycerol (DAG). The production of two
second messengers (IP3 and DAG) is catalyzed by
a phosphatidylinositol-specific phospholipase C
(PLC) and this pathway is one of the most com
monly used signal transduction mechanisms in a
wide range of tissue and cells. The role of phos
phoinositides in transmembrane signalling was
recently reviewed by Rana and Hopkin (1990). In
this article, we focus on the hydrolysis of phospho
inositide catalyzed by PLC isozymes and the effect
of catalytic activity on biological responses relating
to cellular proliferation.

MULTIPLE FORMS OF PLC ISOZYMES

Numerous PLC activities have been resolved
chromatographically from a variety of tissues (Ryu
et al. 1987a,b, Hofman et al. 1982, Manne and
Kung 1987). The enzymes were most extensively
purified and studied in bovine brain tissue (Ryu
et al. 1987a,b). Three distinct forms of PLC were
purified from bovine brain cytosol (designated
PLC-I, PLC-II, and PLC-III) (Ryu et al. 1987a,b)
and monoclonal antibodies to these PLC enzymes
were prepared (Suh et al. 1988a). These PLC
enzymes have been shown to differ in molecular
weight, isoelectrical point, pH optimum, calcium
dependence, and immunoreactivity, suggesting the
presence of PLC isozymes. Based on SDS-PAGE,
PLC-I, PLC-II, and PLC-1I1 exhibited an apparent
molecular weight of 150,000, 145,000, and 85,000,
respectively. The catalytic properties of the three
isozymes were studied using small unilamellar
vesicles prepared from either phosphatidylinositol
(PI) or phosphatidylinositol 4,5-bisphosphate (PIP2)

as substrates. Unilamellar vesicles of phosphati
dylinositol (PI) and phosphatidyliniositol 4,5
bisphosphate (IP2) containing [2-3H] inositol were
separately prepared as described (Hofman et al.
1982). PLC activity was measured using the PI

or PIP2 unilamellar vesicles as the substrate as
described by Ryu et al. (Ryu et al. 1987a,b, Manne
and Kung 1987). Hydrolysis of both PI and PIP2 by
the three enzymes was dependent on Ca+2. How
ever, at low Ca+2 concentrations, PIP2 was the pre
ferred substrate for all three enzymes. When PI was
the substrate, the three enzymes exhibited similar
specific activities at their optimum pH, which was
4.8 for PLG-1, 5.0 for PLC-II, and 5.5 for PLC-III,
but at neutral pH, the order of specific activity was
PLC-III> PLC-II> PLC-1. In contrast, the order of
specific activity was PLC-1 > PLC-III> PLC-II for
PIP2 hydrolysis, which means that PIP2 is the pre
ferable substrate for PLC-1. The relationship be
tween the catalytic activities of the PLC isozymes
and the biological responses in cellular proliferation
will be described in the following sections.

MOLECULAR CLONING OF PLC ISOZYMES

PLC-related eDNA clones corresponding to
PLC-I and PLC-II were isolated by Suh et al.
(1988b,c) from a rat brain expression eDNA library
using specific monoclonal antibodies. Several
PLC forms were also molecularly cloned in dif
ferent laboratories from bovine brain eDNA libraries
(Stahl et al. 1988, Katan et al. 1988). All of these
PLC clones were completely sequenced. The
structure of the three PLC genes is illustrated in
Fig. 1. Comparisons of their deduced amino acid
sequences and immunological cross-reactivity in
dicates that the mammalian PLCs can be divided
into three types, PLC-,6 (or PLC-I), PLC-)' (or PLC
II), and PLC-o (or PLC-III); each of which repre
sents a discrete gene product. Each enzyme type
contains more than one subtype which is structurally
related to one of the three previously isolated PLCs
(Arabic numerals are used to designate each sub
type, e.g., PLC-,61, PLC-,62, PLC-)'1, PLC~)'2, etc).
A total of 16 amino acid sequences have been
established: 6, 5, and 5 for PLC-,6, )', and 0, respec
tively. The three types of PLC enzymes are dis
similar not only in molecular size but also in amino
acid sequence which is consistent with the absence
of immunological cross-reactivity between the three
enzyme types. When the amino acid sequences
of PLC-,6, PLC-)', and PLC-o originally isolated
from rat and bovine brains are compared, despite
a low overall homology between the three enzyme
types, a significant sequence similarity is apparent
in two domains: the X domain contains about 170
amino acids and the Y domain contains about 260
amino acids. The X and Y domains are about
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60% and 40% identical, respectively, between the
three enzyme types. These two domains might
constitute functional regions that are responsible
for catalytic activities. The PLC-o type of isozyme
is readily distinguishable by the lack of a long
C-terminal region after the Y domain. PLC-02 has
been purified from bovine brain (Meldrum et al.
1991) and PLC-03 cDNA has been isolated from
a WI-38 fibroblast library.

With regards to the nomenclature of the PLC
isozymes using Greek letters, PLC-a was initially
assigned to the 62-68 KDa enzyme purified from
rat liver and sheep seminal vesicles and later from
guinea pig uterus (Rhee et al. 1989). These 62-68
KDa enzymes appeared to be immunologically dis
tinct from PLC-,6, PLC-y, and PLC-o. The putative
PLC-a cDNA was obtained from rat basophilic
leukemic cell libraries with the use of rabbit serum
raised against the 62 KDa guinea pig uterus PLC
(Meldrum et al. 1991). The amino acid sequence
deduced from this putative PLC-a clone showed
no similarity to those of other PLC enzymes, but
showed most similarity to thioredoxin and protein
disulfide isomerase. No sequence corresponding
to the X and Y domains could be located in the
deduced sequence of PLC-a. With the expression
of PLC-a cDNA, Martin et al. (1991) convincingly
showed that the rat basophilic leukemia cell cDNA
actually encodes an endoplasmic reticular protein
that carries no PLC enzymatic activity.

Although PLC-,6, -y, and -0 are different in pri
mary structures, they are very conserved through
out species or tissues of origin. For example,
amino acid conservation is better than 95% for
PLC-y1 from rat, bovine and human brains and
PLC-y1 can be found in almost every mammalian
tissue. PLC-y2 cDNA has been isolated from
libraries of human lymphocytes (Ohta et al. 1988),

rat muscle (Emori et al. 1989), and HL-60 cells
(Kritz et al. 1990) by low-stringency hybridization
techniques. PLC-y1 and PLC-y2 are highly homo
logeous in sequence around the amino terminal 300
amino acids and in the 400-amino acid region be
tween the X and Y domains. In the 400-amino acid
insert between X and Y, PLC-y1 and PLC-y2 con
tain three regions that are related in sequence to
limited portions of the src gene product (Stahl et al.
1988, Suh et al. 1988c). The three regions cor
respond to duplicates of SH2 and to SH3 (src
homology 2 and 3), which were first recognized as
highly conserved sequences in the regulatory do
mains of a number of non-receptor tyrosine kinases,
e.g., src, abl, yes, fgr, Iyn, fyn, hcks, and Ick(Pawson
1988). PLC-y isozymes can, therefore, be struc
turally divided into the three domains of X, Y, and
SH (SH2 plus SH3). To study the function of each
domain, plasmids containing mutations within these
domains were constructed. A vaccinia expression
vector harboring the entire coding sequence of rat
liver PLC-y1, and the construction of PLC-y1 mu
tants have been described previously (Kim et al.
1991, Smith et al. 1994). Recombinant wild-type
and mutant PLC-y1 enzymes were purified through
two sequential chromatographic steps, l.e., HPLC
TSK DEAE-5PW column and HPLC TSK phenyl
5PW column (Smith et al. 1994),SDS-PAGEanalysis
indicated > 95% purity for the purified enzymes.
The catalytic and mitogenic activities of the wild type
and mutant PLC-ys were examined (see below).

IMMUNOLOGICAL ANALYSIS OF PLC
ISOZYMES

Individual murine hybridoma cell lines secreting
antibodies against bovine brain PLC-,6, -y, and -0

yxPLC-(3 1----I_~_I-1'-- -------1

yx
SH2 SH2 SH3

PLC-)' I~-__1-.-"-1 .-I~_rl

PLC-o x y

Fig. 1. Structure of three types of mammalian PLCs ({3, 'Y, and 0 types). Open boxes X and Y denote the regions of approximately
170 and 260 amino acids, respectively, of similar sequences found in the three of mammalian PLC. PLC-{3, -'Y, -0 contain 1,215,
1,289 and 756 amino acid residues, respectively.
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Fig. 2. Western blot analysis quantitating the expression of
PLC isozymes in NIH/3T3 cells and rat brain. Lysates (20 p.g)
prepared from NIH/3T3 cells (A) and rat brain (8) were run out
on 10% polyacrylamide gels. PLC isozymes were identified
with specific anti-sera: anti-PLC-{31 (lane 1), anti-PLC--y1 (lane 2),
and anti-PLC-81 (lane 3). Molecular weights are indicated.

other phosphotyrosine proteins. The SH2 domains
of PLC·'¥1 are responsible for its association with
PDGF, EGF, and FGF receptors in a Iigand
dependent manner (Mohammadi et al. 1991).
Elevation of PLC enzyme activity has been re
ported in growth factor-treated cells as well as
many transformed cells (Kim et al. 1991, Nishibe
et al. 1990). In our laboratory, microinjection tech
niques were employed to study the biological func
tions of PLC.

We have microinjected three PLC isozymes
into quiescent NIH/3T3 cells to directly test the
growth-promoting and transforming potential of
these enzymes. Fig. 3A and B illustrates the in
duction of [3Hjthymidine incorporation into the
nuclei of serum-starved NIH/3T3 fibroblast cells
after microinjection of PLC-,6 and PLC-'¥. In con
trast, PLC-o and BSA injection did not induce DNA
synthesis (Figs. 3C, D). In all of the experiments,
100-150 cells were injected with each sample and
similar results were reproduced in 8-10 separate
experiments. Table 1 summarizes this data and
the results are presented by fold induction of DNA
synthesis. Although PLC-o was not mitogenic, it
exhibited higher specific activity than PLC-'¥ for
PIP2 hydrolysis at neutral pH (Ryu et al. 1987).
Therefore, our results suggest that the phospho
inositide-hydrolyzing activity alone is not sufficient
for the observed induction of DNA synthesis by
PLC isozyme and that something else is also in
volved.
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were prepared and the antibodies were purified
from ascites fluid. All the antibodies cross-reacted
with their corresponding PLC enzymes, but not
with the other two isozymes, indicating the specificity
of the monoclonal antibodies (Suh et al. 1988a)
and suggesting that the three enzymes contain
very different antigenic determinants. Each anti
body exerts different inhibitory effects on the
phosphatidylinositol-hydrolyzing activity of PLC.
Competitive binding studies with purified PLC
enzymes and Western blot experiments with pro
teolytic digests revealed that distinct groups of
monoclonal antibodies bind to different epitopes
on the PLC isozymes. The fact that these anti
bodies bind to different epitopes on the same
enzyme allowed us to develop a highly sensitive
and specific radioimmunoassay for quantitating
PLC isozymes. PLC-'¥ and PLC-o were found in
all tissues studied, whereas heart and lung were
devoid of PLC-,6. Brain is the richest source for
PLC-,6 and PLC·'¥. PLC-o is evenly distributed in the
brain, heart, lung, liver, and kidney (- 20-60 ng
PLC-O/mg extract). Although significant amounts
of PLC-'¥ are present in murine fibroblast NIH/3T3
cells, PLC-,6 is not detectable in the cells. Western
blot analysis of the PLC isozymes are shown in
Fig. 2. NIH/3T3 cells were used as a model system
for our studies of PLC-induced cellular proliferation
(see below).

INTRACELLULAR MITOGENIC ACTIVITIES
OF PLC ISOZYMES

PLC-,6s and PLC-'¥s have been demonstrated to
play important roles in cellular signalling. PLC-'¥s
are in general activated by receptors that are pro
tein tyrosine kinase (PTK) themselves or known
to be coupled to a non-receptor PTK, whereas
PLC-,6s are regulated by heterotrimeric G proteins.
In contrast, the regulation and mechanism of ac
tivation of PLC-os in signal transduction is not
clear. Among the PLC family, PLC-,¥ has been
studied most extensively. PLC-'¥1 contains stretches
of amino acids which are homologues to regions
of the c-sre proto-oncogene products (SH2 and
SH3 domains) (Stahl et al. 1988). In the case
of sre, these regions are involved in regulation
of its tyrosine kinase and transforming activities.
Several reports (Anderson et al. 1990, Klippel et
al. 1992) have shown that the SH2 regions of
PLC-,¥1, GTPase activating protein (GAP), the
85 KDa subunit of phosphatidylinositol (PI)-3'
kinase and Crk all associate specifically with



Smith et al. - Phospholipase C Signalling 145

EFFECTS OF ANTI·PLC ANTIBODIES
ON THE DNA SYNTHESIS OF

TRANSFORMED NIH/3T3 CELLS

Mixtures of anti-PLC-{J and anti-Pl.Cey anti
bodies with different epitopic specifications were
prepared and used to evaluate their ability to
neutralize the mitogenic activity of the PLC iso
zymes in co-injection experiments. Anti-PLC-{J
and antl-Pl.Ow do not cross-react with each other
and the antibody mixtures were found to inhibit
specifically the mitogenic activity of the respective
PLC enzymes (Smith et al. 1990). NIH/3T3 cells
express significant amounts of PLC·'Y and PLC-o
with very little PLC-{J (Fig. 2A). Since PLC-o ex
hibited no mitogenic activity in quiescent NIH/3T3
cells, we have used microinjection to evaluate the
biological significance of PLC-'Y in growth-mediated
signal transduction pathways by depleting intra-

cellular PLC-'Y with neutralizing antl-Pl.Cv-, mono
clonal antibodies during growth activation by serum
factors. We have demonstrated the requirement
for PLC-'Y in serum-stimulated DNA synthesis of
NIH/3T3 fibroblasts (Smith et al. 1990). A similar
observation was seen with neutralizing anti-ras
antibody, Y13-259 (Mulcahy et al. 1985, Kung et al.
1986).

After it was first shown that microinjection of
a neutralizing monoclonal antibody to ras could
block serum-stimulated growth of fibroblast cells
(Mulcahy et al. 1985, Kung et al. 1986), several
studies have used neutralizing antibodies to dissect
the molecular events of membrane signal trans
duction (Smith et al. 1990, Mulcahy et al. 1985,
Smith et al. 1986, Lazaris-Karatzas et al. 1992).
Microinjection of neutralizing anti-ras antibody
showed that the transforming signals generated
by several growth factor receptor-like oncogenes

Fig. 3. Induction of DNA synthesis in quiescent NIH/3T3 cells after microinjection of PLC. Murine NIH/3T3 fibroblasts were main
tained in Dulbecco's modified essential medium (DMEM; Gibco/BRL) supplemented with 10% calf serum and nonessential amino
acids (Gibco/BRL). Cells were plated on etched glass coverslips in 35 mm plates at a concentration of _4X104 cells/ml. After one
to two days, the contact-inhibited monolayers (- 90% confluence) were made quiescent by replacing the medium with OMEM con
taining 0.5% (vol/vol) fetal calf serum for a period of 20-36 hr before microinjection. PLC-{:i, PLC-y, and PLC-o were purified from
bovine brain as described (Ryu et al. 1987a,b). Approximately 100 cells (panels A, C, and D) and 150 cells (panel B) were injected
with 250 j.!g/mlof A, PLC-{:i1; B, PLC-y1; C, PLC-01; and 0, BSA. Injected cultures were maintained in low serum media and pulsed
with [3Hlthymidine (0.5 j.!Ci/ml) between 16-20 hr after injection, washed with PBS, fixed in 2.5% glutaraldehyde, and autoradiography
was performed in nuclear tracking emulsion for two days. The cultures were stained with Gemsia, counted and photographed (100x).
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Table 1. Microinjection of PLC induces DNA syn
thesis in quiescent NIH/3T3 cells

Table 2. Inhibition of oncogene stimulated growth
after microinjection of ras and PLC·'Y1 monoclonal
antibodies into transformed NIH/3T3 cells

Cell lines were derived or obtained as described previously
(Mulcahy et al. 1985). Labeling efficiency is defined as the
percent of microinjected cells that incorporated [3Hjthymidine
into DNA. Monoclonal antibody Y13-259 neutralizes the bio
logical activity of ras (Mulcahy et al. 1985, Kung et al. 1986)
and the mixture of monoclonal antibodies raised against PLC-r
are described elsewhere (Smith et al. 1990). Antibodies were
microinjected into quiescent cells (0.5% FCS media for 24 hr)
and then serum-induced. The cultures were incubated at 37°C
for 16 hr, pulsed with [3Hjthymidine (0.5 /LCi/ml, Amersham)
for 4-6 hr, fixed with 2.5% glutaraldehyde (v/vPBS), and auto
radiography was performed in nuclear tracking emulsion ex
posing for 48 hr. The cells on the coverslips were stained with
Gemsia, injected, and background areas were scored. Standard
deviation from the mean from at least five separate experiments
is shown in parenthesis.

Labeling Efficiency

aY13-259 aPLC-y

Sample Fold Induction of # of Cells
DNA Synthesis Injected

BSA 1.4 (0.8) 1,200

PLC-{3 28.2 (4.6) 1,100

PLC-r 1 24.7 (5.3) 1,350

PLC-o 3.5 (1.6) 1,050

NIH/3T3 cells (3X104
) were grown to confluence on glass cover

slips in DMEM supplemented with 10% calf serum. The cul
tures were serum starved in DMEM supplemented with 0.5%
fetal calf serum for 24 hr. Cells were microinjected with ap
proximately 0.5X10-11 ml of sample, incubated at 37°C for 16
hr, pulsed with [3HJthymidine (0.5 /LCi/ml, Amersham) for 3-5
hr, washed in PBS, and fixed in 2.5% glutaraldehyde (v/vPBS).
Coverslips were mounted on glass slides and autoradiographed
in nuclear tracking emulsion (Kodak) for two days. Cells were
stained with Gemsia, counted and photographed (100X). The
number of cells that incorporated [3Hjthymidine into nuclei
were monitored by microscopic observation. Fold induction of
DNA synthesis is defined as the ratio of injected cells that
incorporated [3H]thymidine into DNA divided by the ratio of
uninjected cells near the injected area that incorporated
[3Hjthymidine into DNA. The labeling efficiency is reflected
by fold induction of DNA synthesis. Standard deviation from
the mean from at least six different experiments is shown in
parenthesis.

Cell Line

NIH/3T3
NIH/3T3/fes
NIH/3T3/src
NIH/3T3/ras
NIH/3T3/mos
NIH/3T3/raf

10 (4)

20 (5)
24 (4)
12 (4)
95 (8)

93 (5)

21 (5)
35 (6)

40 (7)

23 (5)
32 (6)

96 (7)

(fms, fes, and sre) were dependent on ras protein
for activity because induction of DNA synthesis by
these oncogenes was blocked by the anti-ras
antibody (Smith et al. 1986). These injection ex
periments established a hierarchy within signal
transducing biochemical pathways for the on
cogenes and showed that a downstream block
could stop the transforming signal of an upstream
oncogene. The antibodies to PLC-'Y, that inhibit
serum-induced DNA synthesis, also block mito
genesis when injected into fes, sre, ras, and mos
oncogene-transformed NIH/3T3 cells, whereas rei
transformed cells are not affected (Table 2). Our
results suggest that PLC-'Y activity is necessary
for ras-mediated induction of DNA synthesis in
NIH/3T3 cells and that ras acts downstream of
sre and fes in the signalling pathways. Although
mos is independent of ras for the induction of DNA
synthesis, PLC-'Y is required for mos signalling.
The molecular mechanism for this requirement
remains to be determined.

In the course of our investigation of antl-Pl.Cey
monoclonal antibodies, we found that each anti
body exerts a different inhibitory effect on the lipase
activity of PLC-'Y and that the inhibition of enzymatic
activity does not correlate with the inhibition of

DNA synthesis observed in the microinjection assay
(Smith et al. 1994). It is possible that mitogenic
signals other than the generation of second mes
sengers (DAG and IP3) may be responsible for the
mitogenic activity of PLC·'Y (e.g., the interaction of
PLC-'Y with other intracellular proteins). To deter
mine whether the enzyme activity of PLC-'Y is essen
tial for its mitogenic activity, mutant enzymes with
defective lipase activity were prepared.

BIOLOGICAL ACTIVITIES OF MUTANT
PLC·'Y ENZYMES

It appears that domains X and Y, but not SH,
are essential for PLC enzymatic activity. Deletion
in either the X or Y domain of PLC-'Y1 led to a
complete loss of lipase activity. To investigate the
relevance of the X region of PLC·'Y1 for the modula
tion of mitogenic activity in quiescent NIH/3T3
cells, we substituted phenylalanine for histidine
at amino acid positions 335 and 380 and ex
pressed the mutant enzymes in a vaccinia ex
pression system. The purified mutant PLC-'Y1
enzymes had markedly reduced lipase activity
(< 10% of wild-type PLC-'Y1 activity). Although
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PLC-'Y1 mutant enzymes were defective in PLC
enzymatic activity, they still induced intermediate
levels of DNA synthesis when microinjected into
quiescent NIH/3T3 cells (-50% of wild-type PLC
'Y1 activity) (Smith et al. 1994). Taken together,
our results suggest that the lipase-defective mutants
exert their mitogenic activity through a mechanism
other than the generation of second messenger
molecules (DAG and IPs). The partial induction
of DNA synthesis seen after microinjection of the
catalytic defective PLC-'Y1 mutant was completely
restored to levels seen with wild-type PLC-'Y1 by
co-injection of the mutant enzyme with DAG and
IPs (Smith et al. 1994). These results suggest that
the generation of second messenger molecules
by PLC-'Y1 and the interaction of PLC-'Y1 with other
signalling molecules are both responsible for the
DNA synthesis inducing activity. Studies are under
way to investigate the catalytic and mitogenic ac
tivities of other PLC-'Y1 mutant enzymes.

THE CONCLUDING REMARKS

Inositol phospholipid-specific phospholipase C
(PLC) plays a central role in cellular signal trans
duction pathways. It catalyzes the hydrolysis of
phosphotidyl inositol 4,5-bisphosphate (PIP2) to
generate two second messenger molecules, inositol
triphosphate (IPs) and diacylglycerol (DAG), in
response to several external stimuli. In addition to
its catalytic activity, it exhibits mitogenic activity.
Several PLC isozymes PLC-{J, PLC-'Y, PLC-o were
purified and molecularly cloned. The functional
domains were defined. This article discusses the
biological activities of these isozymes in PLC
signalling.
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磷脂臨一C 之訊息傳遞

Mark R. Smith' Ya- Lun Liu 1
Sue Goo Rhee2

孔祥復
3

脂類早先被認為只在能量儲存與細胞膜構造方面扮演重要角色，最近研究顯示，磷脂亦扮演在細舵活化與

訊息傳遞之介體角色。磷脂臨是調控許多訊息傳遞路徑的關鍵醋，當細胞接受(生長)骨化因子、激素、及神

經傳遞物刺激時，肌醇磷脂特異性之磷脂臨一 C (PLC) 催化磷脂肌醇4，5- 雙磷酸(PIP2 ) 水解 ， 產生肌酸三磷

酸 ( I P3 ) 與甘油二酷(DAG) ，此7J<.解產物 ( I P3 與DAG) 為細胞內第二訊息傳遞者 ， 可放大細胞初級訊息傳遞 :

IP3 引 發細胞之鈣離子流動 ， DAG 可活化蛋白質激臨一C 。本文主要描述 PLC兩方面之研究結果: (一) P LC同工

臨之特性研究、純化與分子選殖， (斗 P LC同工臨酵素活性及催化細胞好裂之關連性 。 我們除了回顧P LC訊息傳

遞已發表之研究成果外，也同時敘述一些尚未發表之新結果。將 P LC - fJ 或 P LC -y注射到生長後好裂靜止之

NIH/3T3 細胞裡面 ， 可引發DNA合成及細胞增殖 ， 而PLC- (j 則無此活性 。PLC-y 之單株抗體可阻斷血清引發

之 N I H /3T3細胞增殖與教癌因子(flθs， src, ras 與mas)轉形之 N I H /3T3 細胞生長 ， 而 Raf 轉形之細胞則不受抗

體注射所抑制。因此，血清與fθs， src, ras 與mas等敢癌基因引發之纖維母細胞增殖 ， 需要透過 P LC - y 之訊息

傳遞。

關鍵詢:磷脂臨一C /訊息傳遞。
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