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The mechanism of phospholipase C-γγγγ1 regulation
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Overview
Phospholipase C (PLC)1 hydrolyzes phosphatidyl-
inositol 4,5-bisphosphate to generate the second
messengers, inositol 1,4,5-trisphosphate (IP3) and
diacylglycerol (DAG). IP3 induces a transient in-
crease in intracellular free Ca2+, while DAG directly
activates protein kinase C. Upon stimulation of cells
with growth factors, PLC-γγγγ1 is activated upon their
association with and phosphorylation by receptor
and non-receptor tyrosine kinases. In this review, we
will focus on the activation mechanism and regula-
tory function of PLC-γγγγ1. 
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Introduction

Phosphoinositide-specific phospholipase C (PLC) plays
a pivotal role in transmembrane signaling. In response
to various extracellular stimuli, such as hormones, grow-
th factors, and neurotransmitters, PLC hydrolyzes phos-
phatidylinositol 4,5-bisphosphate (PIP2) producing two
second messengers, diacylglycerol (DAG) and inositol
1,4,5-trisphosphate (IP3). IP3 induces a transient increase
in intracellular free Ca2+, while DAG is a direct activator
of protein kinase C (PKC) (Nishizuka, 1986; Berridge and
Irvine, 1989). These processes have been implicated in
many cellular physiological functions, such as secretion,
cell proliferation, cell growth and differentiation (Rana
and Hokin, 1990). In spite of low overall homology in the
predicted amino acid sequences of the multiple PLC-
isozymes, there are significant sequence similarities in
two domains which are designated as the X- and Y-

domain (Noh et al., 1995; Rhee and Bae, 1997; Sekiyama
et al., 1999). So far, ten mammalian PLC-isozymes have
been characterized at the cDNA level; they can be sub-
divided into three types (β, γ, δ) on the basis of relative
locations of the X- and Y-domains in the primary struc-
ture (Noh et al., 1995; Rhee and Bae, 1997). The β type
includes four PLCs (PLC-β1 through PLC-β4), the γ type
includes two PLCs (PLC-γ1 and PLC-γ2), and the δ type
includes four enzymes (PLC-δ1 through PLC-δ4) (Suh
et al., 1988; Noh et al., 1995; Rhee and Bae, 1997)
(Figure 1).

The existence of multiple forms of PLC enzymes sug-
gests that each isozyme may differ in some respect, in
tissue distribution, intracellular localization, regulatory
mechanisms, and other downstream functions. Emerg-
ing evidence suggests that an additional level of diver-
sity may exist beyond the above subgroup classification,
because individual genes may yield multiple PLC pro-
ducts due to alternative splicing of the mRNA (Bahk et
al., 1994; Kim et al., 1998). The diversity among the PLC
enzymes point to selective coupling of individual PLCs
to different receptors and signaling pathways. However,
very little is known about the identity of the specific sig-
naling pathways for each isozymes or how each iso-
zymes function in vivo. Although PLC enzymes have
been purified and extensively characterized biochemi-
cally, their function in vivo remains to be clarified. 

The catalytic activities of the PLC-β type isozymes in
vivo are mediated by α- and βγ subunits of heterotri-
meric G-proteins (Smrcka et al., 1991; Taylor et al., 1991;
Wu et al., 1992). PLC-β type are activated by G-protein-
coupled receptors such as thromboxane A2, bradykinin,
angiotensin, histamine, acetylcholine, etc. (Shenker et
al., 1991; Noh et al., 1995; Rhee and Bae, 1997). The
regulatory mechanism of the PLC-δ isozymes, however,
is not clear at all as yet. PLC-β types appear to have a
unique tissue distribution. A large amount of PLC-β1
has been detected in the brain (Bahk et al., 1994), while
PLC-β3 was found in a variety of tissues and cell lines
(Jhon et al., 1993). PLC-β4 is expressed primarily in the
retina and cerebellum (Kim et al., 1998). The expression
of PLC-β2, however, has been largely confined to the
hematopoietic lineage with minor immuno-reactivity ob-
served in other tissues (Park et al., 1992). Numerous
efforts are being made to elucidate the activation mech-
anism of PLC-β isozymes in detail, by identifyng PLC-β-
binding proteins. We have recently identified that the
second PDZ domain of NHERF2 selectively interacts
with the C-terminal end of PLC-β3, and enhances PLC-
β3-activation (Hwang et al., 2000). In addition, CortBP1,
cortactin-binding protein, specifically bind to the PLC-β1
through PDZ-domain (Hwang et al., unpublished data).



102 Exp. Mol. Med. Vol. 32(3), 101-109, 2000
The two γ-type PLCs, PLC-γ1 and -γ2, but no β- and δ-
type isozymes, are activated by phosphorylation through
growth factor receptor tyrosine kinases or non-receptor
tyrosine kinases. While PLC-γ1 shows a ubiquitous ex-
pression pattern, PLC-γ2 is mainly expressed in B-cells.

Domain structure of PLC-γγγγ1
The protein structure of PLC-γ1 is shown in Figure 2. All
phosphoinositide-specific PLC isozymes contain the
catalytic domains designated as X and Y (Figure 2).
These two domains are believed to form the catalytic
core through association. Mutation studies have revealed
that several residues are particularly essential for the
catalytic activity (Horstman et al., 1996; Horstman et al.,
1999). Among them, His 356 and His 335 have been
reported to be important for in vitro PLC-γ1 catalytic
activity (Smith et al., 1994). PLC-γ1 harbors two SH2
domains and one SH3 domain between the X and Y
domains (Figure 2). These domains are known to facili-
tate the PLC-γ1 association with other proteins. The
SH2 domains recognize phosphotyrosine sequences in
other proteins (Gergel et al., 1994; Pawson 1994;
Sillman and Monroe, 1995; Valius et al., 1995; Yablonski

et al., 1998; Poulin et al., 2000), while the SH3 domain
mediates interactions with proteins containing proline-
rich sequences (PXXP motif) (Pawson and Gish, 1992;
Pawson and Nash, 2000). Cbl, SOS1, and dynamin are
considered to bind to the SH3 domain of PLC-γ1
(Seedorf et al., 1994; Graham et al., 1998; Kim et al.,
2000). Additionally, the regions of PLC-γ1 containing the
SH domains are thought to be involved in the negative
regulation of the catalytic activity of the enzyme. It has
been suggested that the SH domain-containing region
of PLC-γ1 may function as an intra-molecular “cap” or
“lid” covering the active site in the absence of activating
events. Tyrosine phosphorylation and/or protein binding
to the SH domains may induce conformational change
of PLC-γ1, which open the “lid” and make its substrate
accessible to the catalytic active site (Capenter and Ji,
1999). Mutation in C-terminal SH2 domain in PLC-γ1
has resulted in considerable increase of basal PLC-γ1
activity in cells (Bae et al., unpublished data). In addition
to the SH domains, PLC-γ1 also contains a C2 domain
and two putative PH domains, one of which is split. These
domains are shared with beta and delta members of the
PLC family and are likely to serve some general mech-

Figure 1. Linear representation of three types of PLC isozymes. The linear arrangement of SH2, SH3, PH, C2, and catalytic domain (X and Y) are shown. 

Figure 2. Domain structure and tyrosine phosphorylation sites of PLC-γ1. Domains (PH, EF, X, Y, nPH, nSH2, cSH2, SH3, cPH, and C2) of PLC-γ1 are shown
in box in middle panel, and tyrosine phosphorylation sites in PLC-γ1 are also shown. Region in rat PLC-γ1 corresponding to each domain was described in
the upper box. Interacting molecules to each domain are listed in bottom panel. 
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anism of the catalysis of PIP2. The C2 domain of PLC-
γ1 is known to mediate interaction with Ca2+/phospho-
lipids, while the PH domains in PLC-γ1 are thought to
recognize polyphosphoinositides (PIP2 and/or PIP3)
(Figure 2).

PLC-γγγγ1 in cellular proliferation

Unlike other PLC-isozymes (PLC-β and PLC-δ isozyme),
PLC-γ1 is involved in cellular proliferation. The expres-
sion level of PLC-γ1 is increased in human colorectal
cancer, human breast carcinomas, familial adenomatous
polyposis, and human skins under hyperproliferative con-
ditions (Arteaga et al., 1991; Nanney et al., 1992; Park
et al., 1994; Noh et al., 1994). In addition, the tran-
scriptional activity of PLC-γ1 is up-regulated in cancer
tissues. The critical regions responsible for the PLC-γ1
gene expression in the PLC-γ1 promoter have been
mapped in our laboratory. These regions are named
GES1, GES2, and GES3. Distinct transcription factors
seem to bind to this transcriptional element in PLC-γ1
promoter. The binding of the transcription factor to these
regions was elevated in colorectal carcinoma and breast
cancer and so was the level of PLC-γ1, implying that
they may play important roles in tumor genesis (Lee et
al., 1995). The rise of PLC-γ1 level in cancer tissues
was accompanied with increase of the PIP2-hydrolyzing
activities. Using specific antibodies, the expression levels
of all three distinct PLC isozymes (PLC-β1, -γ1, and -δ1)

were investigated in adenoma and carcinoma tissues
from familial adenomatous polypis patients. Even though
there were no apparent increases in levels of PLC-β1
and PLC-δ1, a significant increase in the PLC-γ1 level
was detected in adenoma and carcinoma as compared
with nomal mucosal tissue. Furthermore, the level of
PLC-γ1 increased as the normal mucosa progresses
from adenoma to carcinoma sequentially. Familial ade-
nomatous polypis. The comparable levels of PLC-γ1
activity was also found in adenoma and carcinoma (Noh
et al., 1994; Park et al., 1995). Increase of PIP2-hydro-
lyzing-PLC-γ1 activity, downstream signaling molecules,
is generally believed to be associated with rise in PKC-
activity and intracellular Ca2+-concentration (Berridge et
al., 1984; Nishizuka, 1992). The activation of PKC is known
to promote raf-1 activation (Morrison et al., 1997).
Therefore, it can be expected that the PLC-γ1 is likely
involved in ERK-signaling pathway (Figure 3). Addi-
tionally, phosphatidylcholine-hydrolyzing phospholipase
D activity is also increased by the potentiation of PLC-
γ1 activity (Lee et al., 1994). However, which isoforms of
PKC are regulated by the activated PLC-γ1 or vice
versa remains to be clarified. Up to date, ten isozymes
of PKC were reported (Newton, 1997). Interesting ques-
tion regarding specific relation between PLC-γ1 and
each PKC-isozyme still remains to be clarified. 

Some functional role(s) of PLC-γ1 in cellular prolife-
ration-signaling was obtained in the studies of Smith et

Figure 3. Schematic display of the activation process and down-stream signaling of PLC-γ1. Upon growth factor stimulation, growth factor receptors are
multimerized and activated. Activated growth factor receptor autophosphorylate multiple tyrosine residues in cytoplasmic tail. SH2 domain-containing signaling
molecules such as Grb2, Shc, and PLC-γ1 are recruited to specific phospho-tyrosine residues of the growth factor receptor. Growth factor receptor trigger PI-
3K activation, Shc/Grb2/SOS1/Ras signaling, and tyrosine phosphorylation (Y771, Y783, Y1254)/activation of PLC-γ1. Two SH2 domains (nSH2, and cSH2
domain) in PLC-γ1 are involved in the interaction with phospho tyrosine residues of growth factor receptor. Activated PI-3K by growth factor- stimulation converts
PIP2 to PIP3 to activate PLC-γ1. PH domain and cSH2 domain are known to be responsible for the interaction with PIP3. Activated PLC-γ1 by PIP3 or/and
tyrosine phosphorylation hydrolyzes PIP2 to generate IP3 and DAG. DAG in turn activates PKC and IP3 increases intracellular calcium concentration. Activated
PKC relay a signal to raf-1. The SH3 domain of PLC-γ1 plays a role in the ras activation through the direct interaction with SOS1. 
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al. Micro-injection of purified PLC-γ1 into quiescent NIH
3T3 cells induced DNA synthesis and the injection of
antibodies against PLC-γ1 into the same cells blocked
the serum induced DNA synthesis (Smith et al., 1989;
Smith et al., 1990). Recent studies have shown that a
PLC-γ1 mutant lacking the lipase activity still induced
DNA synthesis, implying that regions other than the
catalytic domain may be responsible for the mitogenic
effect (Smith et al., 1994; Huang et al., 1995). Among
multiple PLC-isozymes, only PLC-γ isozyme contains the
Src-homology domains (SH domain) (two SH2 domains
and one SH3 domain) that are also found in a number
of proteins involved in the regulation of cell proliferation
and differentiation (Pawson and Nash, 2000). The SH2
domains of PLC-γ1 are known to mediate the associ-
ation between PLC-γ1 and phosphorylated tyrosines in
the activated receptor tyrosine kinase or the src tyrosine
kinase. The SH3 domain of PLC-γ1 is known to be
responsible for the mitogenic effect of PLC-γ1. Namely,
micro-injection of the GST-fused SH3 domain of PLC-γ1
into G0 growth arrested NIH 3T3 cells induced DNA
synthesis (Huang et al., 1995; Smith et al., 1996). This
mitogenic activity of PLC-γ1 or possible effector protein

that could bind to the SH3 domain of PLC-γ1 has been
the intense subject for study in many laboratories. We
observed that SOS1, one of the activators of p21ras,
can specifically interact with the SH3 domain of PLC-γ1
and that PLC-γ1 can mediate p21ras-activation by direct
interaction with SOS1 in a lipase activity-independent
manner (Kim et al., 2000) (Figure 3). Furthermore, 3Y1
cells, a rat embryonic fibroblast cell line, over-expressing
either wild type PLC-γ1 or the SH2-SH2-SH3 domain of
PLC-γ1 showed a comparatively elevated p21Ras activity
(Kim et al., 2000) and transplantion of these cells into
nude mouse resulted in the tumor formation (Chang et
al., 1997). Thus, raising a possible involvement of the
p21Ras signaling pathway in the PLC-γ1 SH3-induced
mitogenesis of cells. Recently, we have elucidated that
ectopic overexpression of PLC-γ1 can up-regulate the
protein levels of PCNA, CDC2, CDK2, Cyclin D1, which
play roles in the G1/S-transition. The level of Cip1/Waf-
1, which inhibits G1/S transition, was dramatically dimi-
nished in the PLC-γ1-overexpressed cells compared with
vector control cells. These observations suggest that
PLC-γ1 can promote cell cycle progression by regulating
the levels of cell cycle regulators (Lee et al., unpubli-

Figure 4. Transcriptional regulation of PLC-γ1 and effect on cell cycle regulator of PLC-γ1 overexpression. The transcription of PLC-γ1 is mainly up-regulated
by the transcription factors (pGES1, pGES2, and pGES3) binding to cis-elements (GES1, GES2, and GES3) in PLC-γ1 promoter. In colorectal cancer and breast
cancer tissues, the binding avctivities of pGES1, pGES2, and pGES3 to GES1, GES2, and GES3-cis-elements are increased to overexpress PLC-γ1 in these
cancer tissues. Expressed PLC-γ1 amplifies growth-promoting signals inside cells. Growth promoting signals are transferred to nucleus, and protein levels of
cell cycle regulators are modulated. In PLC-γ1-overexpressed cell line, levels of PCNA, CDK2, CDC2, and cyclin D1 are upregulated. Whereas the level of
Cip1/Waf-1 are down-regulated. Resulting changes of cell cycle regulators lead to cell cycle progression.
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shed data) (Figure 4). 

Activation of PLC-γγγγ1

Growth factor receptor ligation induces PLC-γ1 tyrosine
phosphorylation, IP3 formation, and Ca2+ mobilization.
Three tyrosine residues in PLC-γ1 have been identified
as the sites of receptor tyrosine kinase phosphorylation.
Tyr 783 is known to be essential for IP3 formation, phos-
phorylation of Tyr 771 is known to be dispensable, and
phosphorylation of Tyr 1254 is known to be necessary to
achieve maximal IP3 generation (Kim et al., 1991) (see
Figure 2). However, until now, a protein tyrosine phos-
phatase acting on tyrosyl phosphorylated PLC-γ1 has
not been identified. Discovery of an in vivo protein tyro-
sine phosphatase for PLC-γ1 would widely extend our
knowledge of the regulatory mechanism of PLC-γ1.
Recently we have identified that PTP-1B, a cytosolic
protein tyrosine phosphatase, can dephosphorylate PLC-
γ1 in vitro and vvivo (Kim et al., unpublished data).
Moreover, the larger proportion of PIP2 in cells is localiz-
ed in caveolin-enriched micro-domains (caveoli) (Pike
and Casey, 1996). Caveoli are known to be signal initi-
ation sites where many intracellular signaling molecules,
such as EGF receptor, G-α subunit, ras, etc. are con-
centrated (Smart et al., 1999). Since the substrate of
PLC-γ1 is PIP2, there should be some mechanism by
which activated PLC-γ1 could be recruited into the caveoli.
However, it remains unknown how PLC-γ1 is targeted to
this micro-environment. 

The EGF receptor is known to phosphorylate and acti-
vate PLC-γ1 in vivo (Nishibe et al., 1990). Upon EGF-
stimulation, the EGF receptor undergoes autophosphor-
ylation, and the resulting phosphotyrosine-containing
sequences in the activated EGF receptor are now re-
cognized by the SH2 domains of PLC-γ1 (Meisenhelder
et al., 1989). No single autophosphorylation site medi-
ates this association with the SH2 domains of PLC-γ1,
but rather there are several sites involved (Chattopadhyay
et al., 1999). This association process between the pho-
sphotyrosine-containing sequences and the SH2 do-
mains of PLC-γ1 can also be applied to the case of
platelet-derived growth factor (PDGF) (Larose et al., 1993;
Valius et al., 1993), fibroblast growth factor (FGF) (Peters
et al., 1992), and nerve growth factor (NGF) receptors
(Obermeier et al., 1993; Middlemas et al., 1994). In con-
trast to the EGF receptor-signaling, there is one specific
autophosphorylated tyrosine that specifies an associ-
ation with the PLC-γ1 SH2 domains for platelet-derived
growth factor (PDGF), fibroblast growth factor (FGF), and
nerve growth factor (NGF) receptors (for example, the
Tyr1021 of the β-type PDGF receptor) (Valius et al.,
1993). Both SH2 domains of PLC-γ1 have been shown
to be required for growth factor-induced receptor associ-
ation and Ca2+ mobilization and also for association with
the EGF receptor (Chattopadyay et al., 1999; Poulin et

al., 2000). The N-terminal SH2 domain of PLC-γ1 is
known to play a major role in the association with the
activated growth factor receptor, while the C-terminal
SH2 domain is considered to play a minor role (Chatto-
padyay et al., 1999; Poulin et al., 2000). However,
recently, it has been reported that the C-terminal SH2
domain of PLC-γ1 is involved in interactions with syn-
aptojanin (Ahn et al., 1998), the actin-cytoskeleton (Pei
et al., 1996), PIP3 (Bae et al., 1998; Rameh et al., 1998)
and FAK (Zhang et al., 1999). These observations sug-
gest that the two SH2 domains of PLC-γ1 are dissimilar
and may mediate the recognition of specific phosphoryl-
ation sites. 

Importantly, growth factor-stimulation not only induces
receptor association but also translocation of PLC-γ1
from the cytosol to the membrane (Todderud et al.,
1990). Until now, the driving force behind this trans-
location remains unknown, but it is suspected that the
membrane-targeting is linked to growth factor receptors.
The amount of PLC-γ1 that translocates to the mem-
brane (particulate fraction) is not related to the amount
of growth factor receptor available. Thus it is possible
that there are another anchoring protein(s) which can
specifically recognize phosphorylated PLC-γ1 and target
it to other membrane. This hypothesis is supported by a
recent report that showed the presence of phosphor-
ylated PLC-γ1 not only in the plasma membrane but
also in the actin cytoskeleton/peri-nuclear membrane
(Yu et al., 1998). Another possible membrane targeting
element is the N-terminal PH domain of PLC-γ1. One
study has suggested such a role for the N-terminal PH
domain of PLC-γ1 based on inhibitor competition experi-
ments. In this study, they used a GST (or GFP) protein
fused to the N-terminal PH domain of PLC-γ1. The PLC-
γ1/PH domain fusion protein migrated to the plasma
membrane when the cells were stimulated by growth
factor, and the translocation was mediated via interac-
tion with PIP3 (Falasca et al., 1998). Importantly, this
over-expressed PH-domain fusion protein also reduced
the formation of IP3 in EGF-treated cells by about 60%,
suggesting that it interfered with the membrane locali-
zation of endogenous PLC-γ1. 

Other activation mechanisms 

A variety of receptors activate PI 3-kinase, which pho-
sphorylates the D3 position of PIP2 to produce pho-
sphatidylinositol-3,4,5-trisphosphate (PIP3) (Rameh and
Cantley, 1999). The influence of PIP3 on the PLC-γ1
activity has been looked at more closely. In these re-
ports, the investigators suggested that PIP3 recognized
the C-terminal SH2 domain of PLC-γ1 in vitro (Bae et
al., 1998; Rameh et al., 1998). Moreover, they demon-
strated that inhibition of the PI-3K activity using a specific
inhibitor could attenuate PLC-γ1 activation (Bae et al.,
1998; Rameh et al., 1998). This is contrary to the report
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that the amino-terminal PH domain of PLC-γ1 is respon-
sible for interaction with PIP3 (Falasca et al., 1998). To
date, it still remains controversial which domain is
involved in the interaction with PIP3 in vivo. 

In addition, PLC-γ1 could be activated directly by
several lipid-derived second messengers in the absence
of tyrosine phosphorylation. Phosphatidic acid could thus
activate purified PLC-γ1 by acting as an allosteric modi-
fier in vitro. PLC-γ1 can also be stimulated by arachido-
nic acid (AA) in the presence of the microtubule-associ-
ated protein tau (in neuronal cells) (Hwang et al., 1996)
or tau-like protein (AHNAK in non-neuronal cells)
(Sekiya et al., 1999). The effect of tau and AA was
specific on PLC-γ1, and it was strongly inhibited by
phosphatidylcholine (PC). However, it is still not clear
whether PA or AA is a real activator of PLC-γ1 in vivo.

Activation of PLC-γγγγ1 in T cells

In T cells, TCR-ligation activates PLC-γ1 isozymes. The
role of Ca2+ mobilization by PLC-γ1 in this process is to
activate phosphatase calcineurin, which in turn depho-
sphorylates and activates NF-AT (Rao et al., 1997). The
activation of PLC-γ1 in T cells is mediated by non-
receptor tyrosine kinases. During T cell activation, mem-
bers of three different cytosolic tyrosine kinase families
are involved in PLC-γ1 tyrosine phosphorylation. Src
family members are indirectly required, as these kinases
serve to phosphorylate specific tyrosine residues within
immunoreceptor tyrosine-based activation motifs (ITAMs)
present on the cytoplasmic domains of T cell receptor
polypeptide chains (Van Leeuwen and Samelson, 1999).
Phosphorylated ITAM motifs then serve as docking sites
for members of the ZAP-70/Syk tyrosine kinase family,
which contain SH2 domains. When ZAP-70/Syk is as-
sociated with the receptor ITAMs, they become tyrosine
phosphorylated at specific sites and activated. These
kinases are then able to form a complex with the SH2
domains of PLC-γ1 and are therefore more likely candi-
dates for kinases that are directly responsible for the
phosphorylation of PLC-γ1 in T cells.

Another different feature of the PLC-γ1 activation in T
cells is the requirement for specific adaptor proteins,
such as LAT and SLP-76. LAT is a 38-kD integral mem-
brane protein that becomes highly tyrosine phosphoryl-
ated following T cell activation. The kinase that phos-
phorylates LAT is thought to be ZAP-70, and, once
phosphorylated, LAT associates with multiple signaling
proteins that contain SH2 domains, including PLC-γ1
(Clement et al., 1999; Kennedy, et al., 1999; Van
Leeuwen and Samelson, 1999). Also, the association
with LAT is necessary for PLC-γ1 tyrosine phosphor-
ylation and activation (Kennedy, et al., 1999). It has
been suggested that the two SH2 domains of PLC-γ1
are used simultaneously in the interaction with ZAP-70
and LAT to increase both tyrosine phosphorylation and

membrane localization. LAT is palmitoylated within its
transmembrane domain and this modification is required
for its tyrosine phosphorylation activity, association with
PLC-γ1, and activation of PLC-γ1 in T cells (Kennedy, et
al., 1999). However, it remains to be determined whether
PLC-γ1 is activated within these micro-domains. 

Perspectives

Here, recent advances in the regulation of PLC-γ1 were
categorically summarized. A number of experimental evi-
dences are demonstrating that PLC-γ1 is a pivotal
element in growth factor signaling and T-cell receptor
signaling. But there remain a number of unsolved ques-
tions regarding to the regulation of PLC-γ1 and in vivo
function of PLC-γ1. For example, the mechanism of how
PLC-γ1 is targeted to particulate fraction/detergent-re-
sistant membrane raft and the detailed mechanism by
which PLC-γ1 promotes cell cycle-progression. However,
these problems in the PLC-γ1 study could readily be
clarified by the identification and characterization of
specific binding proteins of PLC-γ1. The development of
experimental techniques such as yeast two-hybrid sys-
tem and mass spectrometry could accelerate the dis-
covery of novel regulation mechanism and tumorigenic
mechanism of PLC-γ1.
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