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Phosphoinositide-specific phospholipase C (PI-PLC) belongs to
an important class of enzymes involved in signaling related to
lipids. They hydrolyze a membrane-associated phospholipid,
phosphatidylinositol-4,5-bisphosphate, to produce inositol-
1,4,5-trisphosphate and diacylglycerol. The role of PI-PLC and
the mechanism behind its functioning is well studied in animal
system; however, mechanism of plant PI-PLC functioning
remains largely obscure. Here, we attempted to summarize
the understanding regarding plant PI-PLC mechanism of
regulation, localization, and domain association. Using
sedimentation based phospholipid binding assay and surface
plasmon resonance spectroscopy, it was demonstrated
that C2 domain of plant PI-PLC alone is capable of targeting
membranes. Moreover, change in surface hydrophobicity
upon calcium stimulus is the key element in targeting plant
PI-PLC from soluble fractions to membranes. This property of
altering surface hydrophobicity plays a pivot role in regulation
of PI-PLC activity.

Based on substrate preference, two types of phospholipase
activities have been identified in plants: non-specific phos-
pholipase C hydrolyzes phosphatidylcholine (PC)' and
phosphoinositide-specific phospholipase C (PI-PLC) hydro-
lyzes  phosphatidylinositol-4,5-bisphosphate  (PtdIns(4,5)
P,), a minor phospholipid producing diacylglycerol (DAG),
and inositol-1,4,5-triphosphate (Ins(1,4,5)P,). In this review,
PI-PLC will be discussed. In mammalian cells, Ins(1,4,5)
P, is known to trigger calcium influx by activating calcium
channels,? whereas DAG causes activation of protein kinase
C (PKC).? Plant PI-PLC is associated with a spectrum of pro-
cesses concerning signal transduction in events such as guard
cell signaling,* salt stress, osmotic stress, acquired resistance,”®
Nod factor signaling,” drought,® systemic acquired resistance,’
% and response to the pathogen.!
In this review, we have attempted to introduce current under-
standing of plant PI-PLC with respect to its localization, reg-
ulation, and activity. We also wish to highlight a model for
PI-PLC activity based on change in surface hydrophobicity
upon calcium stimulation.
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Domain Organization

The domain organization of plant PI-PLC is similar to that
of animal PI-PLC-{, which is a sperm-specific PI-PLC."* The
domains shared by all known PI-PLC are EF-hand, XY cata-
lytic domain, and the phospholipid-binding C2 domain. These
domains are common in all organisms without exception and
may represent bare minimum requirement for functioning of
PI-PLC." The other conserved domain present exclusively in all
animal PI-PLCs is the Pleckstrin homology (PH) domain which
is responsible for recognizing and binding to PtdIns(4,5) P, in the
membranes." Although this domain is absent in plant PI-PLC,
it still appears to bind to PtdIns(4,5) P, in the membranes.”” The
exact mechanism behind this ability in plant PI-PLC requires
further elucidation.

Classes of Plant PI-PLC

Plant PI-PLCs were classified into two classes based on local-
ization of the enzyme in the membrane and cytosolic fractions.
It was also noted that they require different concentrations of
calcium for their activity and that they also differ in their sub-
strate preference. The cytosolic PI-PLC was characterized as
phosphatidylinositol (PI) hydrolyzing enzyme, which requires
millimolar amounts of calcium for its activity. The membrane-
associated PI-PLC on the other hand, was described as an enzyme
that prefers PtdIns(4,5) P, as the substrate and it requires micro-
molar amounts of calcium for its activity.! It is interesting to
note that most of the plant PI-PLCs are able to hydrolyze both
the substrates (PtdIns(4,5)P, and PI).”" However, the concen-
tration of calcium can dictate the preference of substrates; high
concentration favors Pl and PIP, whereas low concentration is
sufficient for hydrolysis of PtdIns(4,5)P,.*° On the contrary, the
notion of existences of two classes of plant PI-PLC appears to be
dubious for many reasons. From genome sequencing data, there
is no report of plant PI-PLC with different sequences amount-
ing for the presence of such distinct classes. At domain organiza-
tion level, it is known that PI-PLC in animal system, which are
membrane-associated shares unique domains; but such domain
diversity, is absent in plant PI-PLC. The catalytic domains X and
Y are conserved throughout biological systems; therefore, if there
is any such isoforms of plant PI-PLC, it must have the conserved
X and Y domains; such isoforms would be difficult to miss in the
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Figure 1. Model for the plant PI-PLC functioning. Plant PI-PLC under low calcium
levels are rendered inactive by disassociation from the membrane. Upon calcium

stimulus, the C2 domain acts as a switch by exposing hydrophobic surfaces and caus-

argued that PI-PLC activity in soluble fraction may
be due to breaking-off of the membrane-associated
PI-PLC during extraction processes. Contrary to
popular notion, we argued that the cytosolic PI-PLC
could be found in membranes because of their bind-
ing as a result of transient increase in calcium due to
breaking of cellular membranes. Moreover, success-
ful purification of PI-PLC from isolated membranes
in the presence of chelating agents, as indicated in
earlier reports,’™'¢ suggested that the bound PI-PLC
could not be dissociated from the membranes merely
by decreasing calcium levels. We have demonstrated
the same in our earlier study using in vitro lipid bind-
ing assay and SPR."

Mechanism of Membrane Targeting
and Regulation

Mammalian pathway leading to the activation of
PI-PLC is well studied and is proposed to be acti-
vated by heterotrimeric G-protein-coupled recep-
tor, which helps in transduction of extracellular

ing binding with the membrane.

signal. The presence of a similar pathway in plants

genome sequence database. All plant PI-PLCs cloned to date are
thought to be belonging to the membrane-associated class.

Localization and Membrane Targeting

Plant PI-PLCs are considered to be associated with plasma mem-
brane even though they are also detected in the cytosol. Using
FLAG-tagged PI-PLC fusion protein overexpression in tobacco
cells, Shi et al.'"® demonstrated that soybean PI-PLC is present
in both soluble and membrane fractions. Interestingly, the same
PI-PLC was identified by screening soybean cDNA expression
library with anti-plasma membrane serum. Using antibodies,
Cao et al.”* showed that AfPLC4 was localized in plasma mem-
brane and cytosolic fractions prepared from Arabidopsis thali-
ana leaf extract. AfPLC4-specific antibody was prepared using
the N-terminal peptides of AsPLC4; this antibody was unable
to react with the other six heterologously expressed APLC iso-
forms. When Petunia GFP-tagged PI-PLC was coexpressed with
either active site mutant or C2 domain of the same PI-PLC, it
resulted in the displacement of GFP-tagged PI-PLC from the
membranes to the cytosol.”? This also provided an indirect evi-
dence that C2 domain could alone perform membrane targeting.
Using yellow fluorescent protein (YFP) tag, it was demonstrated
that EF-YFP-C2 domain was capable of binding to membranes,
whereas C2-YFP construct did not show a similar binding.”’ In
vitro lipid binding assays with N-terminal deletion mutant corre-
sponding to EF-hand in A. thaliana PI-PLC displayed membrane
binding capacity but lacked catalytic activity.” In our earlier
study, using sedimentation based lipid binding assay, fluores-
cence spectroscopy, and surface plasmon resonance spectroscopy
(SPR), we demonstrated that C2 domain could bind membranes
independent of EF-hand or XY catalytic domain." Earlier, it was
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is unclear. However, there is a report on tobacco
PI-PLC (NtPLC3), interacting with G-protein NtRac5.?
Furthermore, in Lilium davidii, PI-PLC activity was stimu-
lated by the addition of G-protein activator, cholera toxin.* In
another study, overexpression of G-protein-coupled receptor was
linked to the activation of PI-PLC.* The regulation of plant
PI-PLC by G-protein-coupled receptor is by and large obscure
but activation by calcium is well established.!*'¢>23 There are
two levels of regulation by calcium: (1) its requirement for the
catalytic activity of XY domain and (2) its requirement for the
membrane targeting activity of C2 domain.”® We attempted to
explain the mechanism of membrane targeting of PI-PLC based
on the ability of C2 domain to expose hydrophobic surfaces
upon stimulation by calcium.!”® C2 domain acts as a switch that
is regulated by calcium levels, which in turn determines PI-PLC
localization (Fig. 1). A certain type of membrane-associated
protein in tobacco, designated as NtC7, was found to facilitate
tobacco PI-PLC association with membranes.? It will be inter-
esting to further investigate the role of such proteins in plant
PI-PLC signaling.

Perspective

It will be of immense interest to understand how plant PI-PLC
is regulated; more conclusive studies are required to establish
this regulation by G-protein. Although the regulation by cal-
cium appears to be sufficient for their regulation, considering
that plant PI-PLC will be inactive once dissociated from mem-
branes. It will be of interest to understand the mechanism by
which plant PI-PLC are dissociated from the membrane because
decrease in calcium levels alone may not be a condition suffi-
cient for their dissociation. The regulation at membrane level
by either G-proteins or other components of signal transduction
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pathway will help in refining downstream function or localiza-
tion of PI-PLC activity. The exact role of DAG and Ins(1,4,5)
P, need to be investigated in depth owning to the absence of
Ins(1,4,5)P, sensitive calcium channels” and a lack of concrete
evidence for DAG-activating plant PKC homologs. Recently, we
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