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It is hypothesized that m)"ocardial phosphoinositide-specific
phospholipase C (PLC) isoenzymes are regulated by physiological intracellular
Ca?* and by cytosol-membrane translocation. The regulation and identification
of PLC isoenzymes in rat and dog ventricular subcellular fractions.were studied.
PLC-B,, PLC-B3and PLC-5, were identified in rat and dog cytosol and
microsomal membranes by chromatographic separation, enzyme assays and
western blotting. Truncated PLC- isoforms with molecular weights of 69 kDa
and 114 kDa were isolated from rat and dog cytosol, respectively. Species
differences in the relative distribution of PLC isoenzymes were evident as PLC-5
dominant in rat whereas PLC-f isoenzymes were dominant in dog. A 91 kDa
cytosolic protein which did not contain PLC activity alone markedly led to PLC
activation when combined with microsomes. The activator protein was
immunoprecipitated with an anti-PLC-5 identifying this activator as an inactive
PLC-$ isoenzyme. These studies indicate that cytosolic PLC- may be activated
by translocating to membranes. In addition, proteolysis may be involved in long
term activation of cytosolic PLC isoenzymes. Further studies will be required to

resolve the physiological significance of these modes of cardiac PLC activation.
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CHAPTERI

INTRODUCTION

Activation of phosphoinositide-specific phospholipase C (PLC) isoforms
result in the breakdown of phosphatidylinositol 4, 5-bisphosphate (PIP2) and
the production of second messengers diacylglycerol (DAG) and inositol 1,4,5-
trisphosphate (IP3). DAG is a direct activator of protein kinase C, whereas IP3
causes a transient release of Ca?* into the cytoplasm which is involved in the
regulation of variety of cellular functions (1, 2). Myocardial phospholipase C
(PLC) plays an important role in signal transduction by ai-adrenergic receptor
agonists (3), muscarinic agonists (3), endothelin (4), thrombin (5) and
angiotensin II (6). It is also an important mechanism for mediating positive
inotropic effects and possibly plays a role in the éathophysiology of myocardial
hypertrophy (1,2, 7-10). Numerous investigators have reported that cardiac
membranes contain endogenous PLC activity (11-13). However, the identities of
PLC isoforms in myocardium and the relationship between membrane-
associated and soluble PLC has been controversial (12,13,14). Some

investigators have reported that phosphodiesteric hydrolysis of PI is restricted



to soluble forms of myocardial PLC and that membrane-associated PLC is
highly selective for polyphosphoinositides (12, 14). In contrast, others have
reported that the enzymatic properties are very similar (11). So it is important to
identify and study myocardial PLC isoenzymesv to delineate mechanisms for

transmembrane signaling in heart.

Classifications of phospholipase C isoforms—Like many other proteins
important in signal transduction. PLC exists in multiple isoforms. Initially, three
isoforms that are distinct with respect to size, immunological reactivity, and
deduced amino acid sequence were purified from bovine brain and named
PLC-B,, PLC-y,, PLC-5; (15). Subsequently, a total of 14 isoenzymes have been
identified. All PLCs are single-polypeptide enzymes and can be divided into
three types (B, y and 3) exemplified by the 150-kDa PLC-8,, the 145 kDa PLC+y,,

and the 85 kDa PLC-3, on the basis of size and amino acid sequence (16, 17).

Structures and function—Although the overall amino acid sequence similarity
between the different PLC types is low, significant similarity is apparent in two
regions: one of ~170 amino acids and the other of ~260 amino acids, designated X

and Y, respectively (Fig. 1). All PLC isoforms contain an amino-terminal region of



Fig. 1. Linear display of three types of mammalian PLC isozymes. All members
contain highly homologous X and Y regions. Src homology domains, SH2 and SH3,
and pleckstrin homology (PH) are indicated.
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~300 amino acids that precedes the X-region. PLC-f and PLC-5 isoenzymes contain
short sequences of 40-110 amino acids that separate the X and Y regions whereas
PLC-y isoenzymes have an additional long sequence of ~400 amino acids that
contains the so-called Src homology (two SHz and one SHs) domains. The functions
of the X, Y and SH domains in PLC-y isozymes have been studied by constructing
various plasmids that encode truncated PLC-y molecules and expressing these
proteins either in Escherichia coli (PLC-y;) or transiently in Cos-1 cells (PLC-y,)
(18). PLC activity was still detected after deletion of the SH domain indicating
that this region is not the catalytic site. However, deletion of either the X or Y
region resulted in a complete loss of activity. It appeared, therefore, that X and
Y regions are essential for PLC activity. Furthermore, the observation that
mutation of either of the two histidine residues, which are conserved in the X
domain of all PLC isoenzymes, resulted in the complete loss of catalytic activity
(19) and further strengthened the notion that the X and Y domains constitute the
catalytic site of PLC. However the recent discovery of a highly truncated form
of PLC (20), designated PLC-Bx, lacked the amino-terminal region and X
domains characteristic of other PLC isoenzymes, whereas all 260 amino acids of
Y-domain were conserved. Given that the Y domain is essentially conserved
throughout evolution, it would appear to be a fundamental requirement for
catalytic function. Both PLC-y; and PLC-y; also contain a pleckstrin homology

(PH) domain that has recently been shown to be present in many signaling



proteins (21-24). In PLC-y, the PH domain is split by the SH domain. The
function and structure of PLC-y PH domain may be retained because the amino
and carboxyl termini of the SH; and SHs domains are close to each other in
three-dimensional structures and because SH domains can be inserted into
different regions of host proteins without disrupting the overall protein
structure (25). Reevaluation of PLC sequences recently revealed an intact PH
domain in amino-terminal regions, preceding the X domain, in all mammalian

PLCs (25).

Catalytic properties of PLC— All three types of PLC catalyze the hydrolysis
of the three common inositol-containing phospholipids: phosphatidylinositol
(PD), phosphatidylinositol 4-monophosphate (PIP), and phosphatidylinositol
4,5-bipilosphate (PIP,). However, differences or preferences for these substrates
exist. The selectivity for PIP; over PI decreases in the order PLC-B, > PLC-5,>
PLC-y, (15). Hydrolysis of PI, PIP and PIP; by all three types of PLC yields
cyclic and noncyclic inositol phosphates (26). More recently, Schwartz and
Halverson found that PLC activity which degraded PIP and PIP; was primarily
located in a crude total membrane preparation from rat ventricles, whereas the
PLC-PI was completely cytosolic (3,4). Such diversity among the PLC isoforms
suggests that distinct mechanistic and functional differences exist between PLC

families.



Activation of PLC- isozymes by Gqa subunits — Exton et.al. (27) purified a
mixture of Gqa and Goti1 which activated partially-purified PLC from bovine
liver membranes. When reconstituted in the presence of GTPyS and various
isoenzymes of PLC, the mixture of bovine liver Gqa and Gous specifically
activated PLC-$, but not PLC-y or PLC-5 (27-28). The activation is achieved
mainly by increasing the intrinsic activity (Vmax) of PLC, and not by lowering
the concentration of Ca?* required for the activity of the enzyme (28-30).
Subsequently studies have delineated a hiearchy for the sensitivity of PLC-
subtypes to the Gaq and Gou subunits: PLC-B1> PLC-f3> PLC-B2 (31, 32). This
hierarchy suggests a degree of specificity in the interaction of these Ga subunits
with different PLC-f isozymes. The receptors that are known to activate PLC-§
via Gaq or Gan include those for thromboxane A2, bradykinin, thrombin,
bombesin, angiotensin, histamine, vasopressin, acetylcholine and thyroid
stimulating hormone (TSH) (33-35). It is hypothesized that interaction of Gq/11
with the ligand-occupied receptor causes dissociation of the heterotrimeric
GDP-bound Gq to yield GTP-bound Gqa, which remains in the membrane.
PLC-B, then binds to the GTP-bound Gqa probably via the carboxyl-terminal
regions of both proteins, resulting in the activation of PLC-B, (Figure 2A). The
sites through which G proteins interact with receptor have been elucidated at

the molecular level (36,37). Transfection experiments revealed that the last three



residues of Gaq were critical for transduction of a signal from the az-adrenergic

receptor. However, the sites of Gaq that interact with PLC-B are not known.

Activation of PLC- isozymes by Gpy subunits ~The function of the Gpydimer
was originally thought to be restricted to reassociation with the inactive, GDP-
bound form of the Ga subunit so as to recycle it to the plasma membrane.
However, it is now clear that in addition to this function, the Ggyalso activates
effector molecules (38) (Fig.2B). Two laboratories simultaneously described the
differential activation of PLC-B subtypes by Gpy dimers (39, 40). These studies
were subsequently extended to show that Gg, purified from bovine brain
activates PLC-$ isozymes (41) according to the hiearchy PLC-B; >PLC-B;> PLC-
B1. The dimer does not activate PLC-B4 (42). The specificity of Gpy dimers in the
activation has also been examined. Wu et. al. (43) and Lee et. al. (44)
demonstrated that the region of PLC-B that interacts with Gaq differs from that
responsible for interaction with Ggydimer. The amino-terminal two-third of
PLC-B; was required for activation by Gpy. The site of PLC-$ interaction has
been recently localized to the amino-terminal region preceding the X domain

(45) that also contains the PH domain.

Activation of PLC-y isoenzymes by growth factor receptor protein-tyrosine

kinases —Growth factor-induced stimulation of PLC appears to be independent of



G proteins and requires the intrinsic PTK activity of the corresponding receptor.
Mutant PDGF and EGF receptors that lack PTK activity bind their respective
growth factors but fail to stimulate the hydrplysis of PIP; (46). Treatment of a
number of cells with EGF, PDGF, or NGF results in an increase in the
phosphorylation of PLC+y, but not of PLC- or PLC-5 (47-51). The increased
phosphorylation occurs on both serine and tyrosine residues. Tyrosine
phosphorylation is rapid and correlates well with the stimulation of PIP;
hydrolysis (48). The major sites of phosphorylation by EGF, PDGF appear to be
identical (49) and comprise tyrosine kinase residues 771, 783 and 1254. Further
studies suggest that phosphorylation of Tyr-783 is essential for PLC-y activation.
It is possible that SH> domains of PLC-y interact intramolecularly with the
phosphorylated tyrosine residues. This leads to a conformational change that
allows the SHs domain to bind to the membrane cytoskeleton and thereby
position the catalytic X and Y domains at the cytoplasmic face of the cell

membrane (Fig. 2C).

Activation of PLC-y isozymes by nonreceptor protein-tyrosine kinases —Several
nonreceptor PTKs also phosphorylate and activate PLC-y isozymes. Such
receptors include membrane immunoglobin M (mIgM) in B lymphocytes, the T
cell antigen receptor (TCR). The TCR complex, which recognizes antigen and

transduces signals across the plasma membrane, consists of an antigen-binding
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heterodimer of « and B chains that is associated with the nonpolymorphic
polypeptides v, §, and € (collectively termed CD3) and with a homodimer
(heterodimer) ¢ family polypeptides. Although none of the components of the
TCR complex is a protein kinase, the ligation of the TCR complex activates PTK
~ activity. Candidates for the TCR-regulated PTK include Fyn and Lck (Src
family), and Zap-70 (Syk family of PTKs). These polypeptides appear to
phosphorylate downstream targets such as PLC-y, and PLC-y (45) (Fig. 2D).
TCR stimulation results in a rapid and transient phosphorylation of PLC-y on

both serine and tyrosine residues (52-56).

The mechanism of regulation of PLC-$ is not clear, but its activity is not
affected by either the G-protein subunits or receptor tyrosine kinases. Recent
evidence has suggested that there are other proteins involved in the activation or
maintenance of sustained activity of PLC. These include a high molecular weight
GTP-binding protein, Gp (56). In our preliminary studies, cardiac microsomes
were found to possess a Ca?* activated PLC activity which could be stimulated
by a cytosolic protein (57). It is hypothesized that myocardial PLC isoenzymes
are regulated by physiological Ca?* and by cytosol-membranes translocation.
The specific aims of this thesis are to: 1). Identify and characterize PLC isoforms

in rat and dog myocardium. 2). Characterize the cytosolic protein responsible for
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stimulation of membrane PLC activity or the translocation and activation of the

cytosolic PLC isoforms to membranes.
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Fig. 2. Four distinct activation mechanisms for PLC isozymes. Activation of
PLC-B by Gq a subunits (A) and Gy subunits (B) is illustrated using the m1 and
m2 AChR, respectively, as examples. GTP-bound Gq o and Gy subunits served
as docking sites to bring cytosolic PLC-$ to membranes. The carboxyl-terminal
region of PLC-B interact with Gqa, whereas the amino-terminal region
containing PH domain is important for the binding of Gpy. The activation of
PLC-y by receptor protein-tyrosine kinases (C) and nonreceptor protein-tyrosine
kinases (D) is illustrated using PDGF receptor and T cell antigen receptor
complex, respectively, as examples. Binding of the tyrosine phosphorylated
PLC-y to a proline-rich protein located at the cytoplasmic face of the cell
membrane causes its translocation from cytosol. TK, tyrosine kinase domain;
YP, phosphotyrosine.
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CHAPTERII

MATERIAL AND METHODS

Materials — Phosphatidylinositol (PI), phosphatidylinositol-4, 5-biphosphate
(PIP2), leupeptin, aprotinin and phenylmethanesulphonyl fluoride (PMSF) were
purchased from Sigma Chemical Co., St. Louis, MO, U.S.A. Pre-swollen
microgranular anion exchanger DE-52 was from Whatman BioSystems Ltd, England.
Sephacryl S-200 was from Pharmacia AB Biotechnology, Uppsala, Sweden.
Monoclonal antibody anti-bovine PLC-61 and polyclonal antibody anti-bovine PLC-y,
were purchased from Upstate Biotechnology Inc., Lake Placid, NY, U.S.A.
Monoclonal antibodies anti-bovine PLC-f;, PLC-B, and PLC-B3 were gracious gift
from Dr. P. Sternweis, Southwestern medical center, Dallas, TX, U.S.A. Anti-bovine
PLC-y; was a gracious gift from Dr. Carpenter, Nashville, TN. Protein A-Sepharose 4B
was purchased from ZYMED Laboratories, Inc., San Francisco, CA, U.S.A. Anti-rabbit
( or mouse) Ig, horseradish peroxidase linked whole antibody was purchased from
Amersham life Science. [*H]-PI (specific radioactivity 1 Ci /m mol) was from

American Radiolabeled Chemicals Inc., St. Louis, MO, U.S.A. [2H]-PIP; (specific

14
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radioactivity 2.4 Ci / mmol) obtained from Dupont New England Nuclear, Boston,

MA, U.S.A. All other chemicals used were of reagent grade.

Preparation of microsomes and cytosol from myocardium — Male and female
Sprauge-Dawley rats were euthanized by CO; asphyxiation. The mongrel dogs were
anesthetized with intravenous surital. Hearts were quickly removed and placed in
cold 0.1 mM EGTA and isotonic saline solution. Tissue was minced with scissors,
suspended in 10 mM HEPES, pH, 7.4, 2.0 mM MgCl;, 0.5 mM dithiothreitol, 0.1 mM
PMSF and 0.1 mM EGTA and homogenized with a polytron. Microsomal membranes
and cytosol were separated by differential centrifugation as described by Quist et al.
(59). Cytosol and microsomes were stored at -80 °C for further assays or
chromatography. Microsomal and cytosolic proteins were measured by the method of

Bradford (60) using BSA as a standard.

PLC assay —PLC activity was routinely assayed by measuring the information of
radioactive inositides from [PH] PI or [PH] PIP2. The reaction mixture, in a final
volume of 50 ml, contained 25 mM HEPES, pH7.4, 0.1 mM EGTA, 40 mM KCl, 10 mM
MgClz, 25 mM NaCl, 1.0 mM NaN3 and 10 mM LiCl. The reaction was initiated by
adding 20 uM [PH]-phosphatidylinositol or [*H]phosphatidylinositol-4,5-biphosphate.

The calcium concentration was varied in this medium. ATP (1 mM ) was added
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where indicated to assess ATP dependence of PLC activity in samples. Deoxycholate
(final concentration 1.0 mM) or alamethicin (0.5 %) were added where indicated.

| Incubation was 20 min for [PH].PI or 10 min for [3H] PIPz2 at 37°C. Approximately 5-10
ug of protein was used in the assayé of PLC activity in cytosol and microsomes.
Reactions were stopped with 1.0 ml of CHCls: CH;OH:HCI (100:100:0.6). After the
addition of 0.3 ml of H20, 0.5 ml of upper phase was counted in 3.0 ml of ecolume. In
reconstitution experiments the protein concentration in assay samples was diluted to
achieved less than 12 % hydrolysis of substrate in a 10 min incubation. Hydrolysis of

PIP2 was a linear function of protein concentration under these condition.

DE-52 column chromatography — Freshly prepared cytosol, 5 ml, was loaded
onto a 1 x 2.5 cm of DE-52 anion exchanger column that had been equilibrated in
10 mM Tris-HCI buffer, pH 8.0. After loading of cytosol, the column was
washed with 10 ml of 20 mM NaCl, 20 mM Tris-HCl buffer, pH 8.0 twice to
remove unbound protein. The eluant (10 ml each) were collected and the
column was further washed with 100 mM, 200 mM and 500 mM Nad(l, also
containing 20 mM Tris-HCI, pH 8.0 and 0.01 mM EGTA. The eluted fractions

were assayed for PLC activity alone or in combination with microsomes.
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Sephacryl 5-200 chromatography —Cytosol or freshly prepared cytosolic DE-52
fractions were applied to Sephacryl S-200 column ( 1.5x 48 cm) equilibrated with 100
mM NaCl, 0.1 mM EGTA, 0.5 mM dithiothreitol, 10 mM PIPES, pH 6.8 and 0.02 mM
PMSF. The enzyme was eluted with the same buffer at a flow rate 0.14 ml / min and
the fractions (0.28 ml each) were collected and assayed for PLC activity in fractions

alone or in combination with microsomes.

Immunoblotting of PLC — PLC isoenzymes were detected in microsomal and
cytosolic fractions. Membrane prdteins were solubilized with one volume of Laemmli
10% SDS buffer and heated for 10 min at 90°C. Cytosolic fractions were separated on
a anion exchanger DE-52 column with 100 and 200 mM NaCl, prior to solubilization
with SDS Laemmli buffer (58). Approximately 50 pg of proteins was electrophoresed
on 7% SDS-polyacrylamide mini-gels (1.5mm) and transferred to nitrocellulose
membranes. Prestained molecular weight markers (Bio Rad) was electrophoresed
simultaneously. Nitrocellulose membranes were blocked in 5% dry milk, 0.05%
Tween 20, and Tris-Buffer-Saline-Tween 20 (TBST) pH 7.5 for one hour at room
temperature and washed with same medium. The membrane was cut into strips
(0.5x9 cm) containing microsomal or cytosolic proteins were incubated one hour with
rocking at 5 °C with 1° antibodies (1: 500-1: 1500) to PLC-B;, PLC-B, PLC-; (obtained

from Paul Sternweis, Southwestern medical center at Dallas), PLC- §; (UBI), PLC-y,(
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UBI), PLC+; (from Graham Carpenter). To ensure specific binding, antibodies were
preincubated with 50ug /ml of preimmune antigen to PLC-$, and PLC-B3isoenzyme
prior to incubation. Membranes were washed with TBST and incubated 1.5 hours
with rabbit (or mouse for PLC-3 ) Ig, horse radish peroxidase linked whole antibody
‘(Amersham, 1:5000) and further washed according to the protocol in an enhanced
chemiluminescence (ECL) kit from Amersham. Bound antibody antigen complexes
were detected with ECL reagents and ECL Hyperfilm according to the manufactures

instructions.

Immunoprecipitation —PLC-3 was immunoprecipitated from cytosolic DE-52 100
mM NaCl / 20 mM Tris-HCl buffer, pH 8.0 fractions. Cytosolic fractions were diluted
to protein concentration roughly, 1 ug / pl. Approximately 200 ug of cytosolic protein
was incubated with 2.5 pug anti-bovine PLC-3; ( UBI) overnight at 4 °C, with gentle
rocking. To capture the protein-antibody complex, 50 ul of Protein A-Sepharose 4B
(50% suspension) was added and tubes were further incubated for 2 hours. The
microtubes were pulsed 5 second in a microcentrifuge at 4°C. The supernatant were

collected for assaying PLC activity.

Statistical Treatment of Data - Data here contained is presented as the mean + the

standard error of the mean of at least 3 independent observations.



CHAPTER III

RESULTS

PLC activity in cytosol--The substrate selectivity of cytosolic and the effect of 1
mM deoxycholate on phosphoinositide-specific phospholipase C activity were
determined. Dog and rat cytosol were assayed either in the presence of 20 uM [*H]-PI
and 5 mM CaCl; or 20 pM [3H]-PIP; and 0.2 mM CaCl; at pH 7.0. Dog and rat cytosolic
PLC hydrolyzed both phosphoinositides, however, differences in the substrate
specificity and relative PLC activities were evident between the two species (Fig. 3).
Dog and rat cytosolic PLC activities in the presence of PI were increased about 4 fold
by 1 mM deoxycholate. Cytosolic PLC activity with PIP; as substrate was only slightly
stimulated by 1 mM deoxycholate. Rat cytosolic PLC activity was about 5 times higher
than dog when PI was used as the substrate. In contrast, PLC activity in rat cytosol
was only 1.3 times higher than in dog cytosolic PLC if PIP; was used as the substrate.
The relative ratios of PLC activities in the presence of PIP2 versus PI were 5.8 in dog
and 1.37 in rat cytosol indicating PLC isoforms in dog cytosol prefer PIP; over Pl as
substrate. This difference in substrate specificity may suggest that rat and dog cytosol

possess different PLC isoenzymes.

19



Calcium requirement of cytosolic PLC -The calcium concentration dependence of
dog and rat cytosolic PLC activity was investigated by using a Ca2*/EGTA buffer
system in the standard mixture. As shown in Fig. 4, rat cytosolic PLC activity
plateaued at about 1 mM free Ca2* with a Vmax of 0.95 nmoles/mg /min when
assayed in the presence of PI and 1mM deoxycholate. Half-maximal activation of PLC
activity occurred at approximately 0.4 mM Ca?*. Dog cytosolic PLC activity also
reached maximal activation at 1.0 mM Ca?* with a Vmax of 0.22 nmoles /mg /min. in
the presence of PI and deoxycholate. When PIP2 was used as the substrate, rat and dog
cytosolic PLC showed similar calcium curves with Vmax values of 0.95 nmoles /mg in
rat and 0.52 nmoles /mg in dog (Fig. 5). Plateaus were observed in rat and dog at
approximately 10 pM Ca?*. Deoxycholate increased PLC activity about 2 fold in both
rat and dog cytosol. The activity plateaued at approximately 5-10 uM Ca?*in the

presence of DOC and the Ka values for Ca?* were approximately 1.0 pM..

Separation of cytosolic PLC activity by Sephacryl-200 column — Rat and dog cytosol
were applied to a Sephacryl-200 column to separate PLC isoenzymes according to
apparent molecular weights. From dog cytosol, two major peaks designated PLC-I
(150 kDa,), PLC-II (114 kDa) and one minor peak PLC-III (83 kDa) were separated
(Fig. 6). From rat cytosol, a minor peak designated PLC-I (150 kDa) and two major

peaks designated PLC-II (85 kDa) and PLC-III (69 kDa) were eluted (Fig. 8). Protease
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inhibitors were included in the homogenization medium and column buffer to
reduce proteolysis to minimize generation of proteolytic fragments. As a further
precaution, studies were performed with large and small volume columns to
compare the effect of chromatography separation times on the molecular distribution
of PLC isoenzymes. Generally, the distribution of PLC isoenzymes was similar if

cytosol was chromatographed 17 hours versus 6 hours (not shown).

Ca?* affinity of cytosolic PLC isoforms —The Ca?* affinities of the dog and rat
cytosolic PLC activities separated on the Sephacryl-200 columns above was
studied using EGTA/ Ca?* buffers in the presence of PL The objective was to
determine if activities in separated peaks represented different PLC
isoenzymes. Dog and rat cytosolic fractions from Sephacryl-200 column above
were activated with increasing concentrations of Ca?* (Figs. 7 and 9). In fractions
separated from dog cytosol (Fig. 7), PLC isoforms in the 150 kDa and 114 kDa
peaks were maximally activated at about 0.4 mM Ca?* but with different Vmax
values. The calcium concentration needed for half-maximal PLC activation was
approximately 0.05 and 0.1 mM for these peaks, respectively. The activity
eluting at 85 kDa plateaued at approximately 2 mM Ca?*. In rat cytosolic
fractions (Fig. 9), peak-I PLC, eluting with an apparent molecular weight of 150
kDa was maximally activated at about 0.4 mM Ca?*. The Ca?* concentration

needed for half-maximal activation was 0.05 mM Ca?*. PLC activity in peak II



(87 kDa) plateaued at approximately 1.0 mM Ca?*. Activity in peak III (69 kDa)

reached a plateau at about 0.2-0.6 mM Ca?*.

Separation of cytosolic PLC isoenzymes by anion exchange chromatography —
Experiments were also performed to separate PLC isoenzymes by anion
exchange chromatography. Rat and dog cytosol were applied on DE-52 anion
exchange column, washed with 20 mM NaCl containing 20 mM Tris-HCl
buffer, pH 8.0 and then eluted stepwise with 100, 200 and 500 mM NaCl
containing 20 mM Tris-HCI buffer, pH 8.0. As shown in Fig.10, rat cytosolic
PLC activity was eluted primarily in the 200 mM NaCl fraction when assayed in
the presence of 20 uM PI, 5 mM CaCl; and 1 mM deoxycholate. Dog cytosolic
PLC activity was relatively lower and separated with 100 and 200 mM NaCl.
Further experiments were conducted to determine the recovery of cytosolic PLC
activity eluted with 200 mM NaCl from DE-52 columns. It was observed that
less than 33.0 % of dog cytosolic PLC activity was recovered in the 200 mM
NaCl DE-52 column fraction (Fig. 11a). In contrast, 100 % of rat cytosolic PLC
activity was recovered in the 200 mM NaCl DE-52 fraction (Fig. 11b). In
addition, dog cytosolic fractions were more highly activated by DOC than rat
cytosolic fractions in the presence of PI and PIP.. The results suggests that dog

cytosolic PLC is more subject to denaturation or co-factor removal on the DE-52
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columns than for rat cytosol. This difference and the effect of DOC further

indicate that different PLC isoenzymes predominate in dog and rat cytosol.

Immunochemical properties of cytosolic PLC from rat and dog myocardium — Western
blotting was utilized to further identify the PLC isoenzymes in rat and dog cytosol.
Fractions from DE-52 anion exchange columns were subjected to SDS-PAGE and
transferred to nitrocellulose paper for probing with monoclonal antibodies against
PLC-B,, PLC-B,, PLC-B;, PLC-~y,, PLC~y; and PLC-3, from bovine brain. Antibodies to
PLC-B, and PLC-B; reacted with a 150 kDa protein in rat and dog cytosolic 200 mM
NaCl fractions (Fig. 12). PLC-5; reacted with the 87 kDa protein present in rat but not
dog cytosolic fractions. No PLC isoforms were detected in 500 mM NaCl fraction (rat)
and 100 mM NaCl fraction(dog). PLC-8,, PLC-y; and PLC-y, were not detected in rat

and dog cytosolic fractions.
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Fig. 3. Comparison of dog and rat cytosolic PLC activity when assayed with
PI or PIP; as the substrate. The cytosol ( 5-10 ug) from rat and dog were
assayed with 20 uM [2H]-PI in the presence of 5 mM CaCl. or 20 uM [*H]-PIP;
in the presence of 0.2 mM CaCl, as described in MATERIAL AND METHOD. 1
mM deoxycholate was used as indicated.
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Fig.4. Calcium concentration dependence of rat and dog cytosolic PLC
activity when using PI as a substrate. Rat and dog cytosol (5-10 pg) were
assayed in the standard mixtures with 20 uM [*H]-PI in the presence of 1 mM
deoxycholate as described in MATERIAL AND METHODS. The calcium
concentration range was 0-2.0 mM.
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Fig.5. Calcium concentration dependence of rat and dog cytosolic PLC
activity when using PIP; as a substrate. Rat and dog cytosol were assayed in
the standard mixture with 20 uM [3*H]}-PIP; in the absence (a) or presence (b) of
1 mM deoxycholate, as decribed in MATERIAL AND METHODS, The

experimental calcium concentration was 0-22 pM.
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Fig. 6. Sephacryl-200 chromatography of dog myocardial cytosol. Approximately
1000 pg of myocardial cytosol, containng 6.0 nmoles/mg/min of PLC activity, were
loaded onto a sephacryl-200 column and separated as described in MATERIAL AND
MTHODS. Selected fractions were assayed for PLC activity with PI as a substrate in
the presence of 5 mM CaCl; and 1 mM deoxycholate.
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Fig. 7. Calcium concentration dependence of dog cytosolic PLC isoforms
separated from sephacryl-200 column. Peak I (150 kDa), Peak II (114 kDa),
Peak III (83 kDa) were assayed with PI as a substrate in the presence of ImM
deoxycholate. The calcium concentration was in the range of 0.0-2.0 mM.
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Fig. 8. Sephacryl-200 chromatography of rat myocardial cytosol. Approximately 1.5
mg of myocardial cytosol, containng 11.0 nmoles/mg/min of PLC activity, were
loaded onto a sephacryl S-200 column (1.5x 48) and separated as described in
MATRIAL AND MTHODS. Selected fractions were assayed for PLC activity with PI
as a substrate in the presence of 5 mM CaCl; and 1 mM deoxycholate.
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Fig. 9. Calcium concentration dependence of rat cytosolic PLC isoforms
separated from sephacryl-200 column. Peak I (150 kDa), Peak II (85 kDa), Peak
III (69 kDa) were assayed PLC activity with PI as a substrate in the presence of
1mM deoxycholate. The calcium concentration was in the range of 0.0-2.0 mM.
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Fig. 10. DE-52 anion exchange chromatography of rat and dog myocardial cytosol.
Approximately 3 mg of cytosol were separated on DE-52 anion exchange column as
described in MATERIAL AND METHODS. Eluted fractions (10 pl) from column
were assayed for PLC activity with 20 pM [*H]-PI in the presence of 5 mM CaCl; and
1 mM of deoxycholate. .
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Fig. 11. Comparison between rat/dog PLC activity in cytosol and their 200
mM NaCl fractions from anion exchange DE-52 column. PLC activity was
assayed with 20 uM [3H]-PI or 20 uM[*H]-PIP: in the presence and absence of 1
mM deoxycholate as described in MATERIAL AND METHODS. PLC activity
from dog (a) and rat (b) were expressed in CPM.
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Fig. 12. Inmunoproperties of PLC isoforms in rat and dog cytosol. Rat and
dog cytosolic fractions from DE-52 anion exchange column were applied to
lanes 1-5 and 6-10 of an SDS/polyacrylamide gel (7%), respectively. Molecular
makers corresponding to myosin (199 kDa), B-galactosidase (120 kDa), BSA (67
kDa) and ovalbumin (48 kDa) were in a separate lane. The proteins were
subjected to SDS/PAGE, transferred to nitrocellulose membranes and then
probed with antibodies against PLC-5;(lanes 1 and 6), PLC-8; (lane 2-3 and 7-8)
and PLC-B, (lane 4-5 and 9-10). Peptides to PLC-f; were simultaneously applied
on lane 3 and 7. Peptides to PLC-f; were simultaneously applied on lanes 5 and
10.






Microsomal PLC activity in rat and dog myocardium—The Ca?* concentration
requirements of rat and dog microsomal PLC in the presence of PI and PIP; was
investigated by using EGTA/ Ca?* buffers. The objective was to determine if the
properties of the microsomal PLC activities differed in these species and if the
properties of cytosolic versus membrane bound PLC differed. In the presence of PJ,
rat and dog microsomal PLC showed an absolute requirement for Ca?* (Figures 13).
Half-maximal and maximal activities were obtained at about 0.4 mM free Ca?* and
1.0 mM Ca? in both species. The Vmax values were approximately 1.8 and 0.9 n
moles /mg/min in rat and dog, respectively. With PIP; as the substrate, rat and dog
microsomal PLC showed slightly different calcium affinities but displayed similar
Vmax ( 6.2-6.6 n moles /mg/min ) values. The half-maximal activity was attained at
0.5 uM Ca?* in rat and 1.2 pM Ca?* in dog microsomes. The relative rates of
hydrolysis ( PIP. / PI) were 6.9 in dog and 3.7 in rat microsomes indicating PIP; is a
better substrate for dog microsomal PLC isoforms. No major differences in the Ca?*
affinities were noted between the microsomal and cytosolic PLC activities with PI or

PIP; as substrates.

Immunochemical properties of PLC isoforms from rat and dog myocardial membranes —
The microsomal membranes were subjected to SDS-PAGE, transferred to
nitrocellulose paper and then probed with monoclonal antibodies raised against

PLC-B,, PLC-B,, PLC-Bs, PLC-y,, PLC- y; and PLC-5, from bovine brain. As can be
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seen from Fig.15, PLC-B, and PLC-B; reacted with the 150 kDa protein present in rat
and dog myocardial microsomes. PLC-5, reacted with a 87 kDa protein in rat but not
dog microsomal protein. PLC-B,, PLC-y, and PLC~y; were not detected in rat and dog
microsomes. This results showed that same PLC isoforms detected in cytosol were

expressed in rat and dog membranes.
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Fig. 13. Ca?* requirement of rat and dog microsomal PLC activity when PI as
the substrate. The PLC activity was assayed in the presence of 0.5 %
alamethicin and 1 mM of deoxycholate. The time of incubate was 20 min at 30°
C. The calcium concentration range was 0-5.9 mM.
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Fig. 14. Ca?* concentration dependence of rat and dog microsomal PLC activity
when PIP; as the substrate. The PLC activities were assayed in the presence of
0.5% alamethicin without 1 mM of deoxycholate. The time of incubate was 10
min at 30°C. The calcium concentration range was 0-12 uM.
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Fig. 15. Westernblotting of microsomal PLC isoforms with monoclonal
antibodies raised against bovine PLC-5,, PLC-8,, PLC-8,, PLC-$3, PLC+y,.
Fractions from rat and dog microsomes were applied to lanes 1-3 and 4-6 of an
SDS/ polyacrylamide gel (7%), respectively. Molecular makers were applied to
an indicated lane. The proteins were subjected to SDS/PAGE, transferred to
nitrocellulose papers and then probed with monoclonal antibodies against PLC-
8, (lanes 1 and 4), PLC-B; (lane 2 and 5) and PLC-B; (lanes 3 and 6).
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Stimulation of microsomal PLC activity by a cytosolic protein—Experiments
were undertaken to determine the effect of reconstituting cytosolic fractions
with microsomal membranes on PLC activity. Studies were done by using PIP,
as a exogenous substrate and a cytosolic 100 mM NaCl fraction from DE-52
anion exchange column. The rat cytosolic fraction alone did not contain PLC
activity. Addition of this fraction with rat or dog microsomal membranes led to
a 4 fold increase in PLC activity (Fig.16). Increasing the amounts of the DE-52
100 mM fraction increased the stimulation. The dog cytosolic 100 mM NaCl
fraction from a DE-52 anion exchange column had very low PLC activity (Fig.4)
but resulted in a 3 fold increase in rat and dog microsomal PLC activity (Fig.17).
Interestingly, the stimulation was not obtained when PI was used as a substrate

(not shown).

Molecular weight of cytosolic activator protein—The 100 mM NaCl fractions
from DE-52 anion exchange columns were concentrated on a Amicon
ultrafiltration concentrator and then fractionated on a S-200 Sephacryl-200 HR
column. The reconstitution experiment demonstrated that a cytosolic protein,
eluting with an apparent molecular weight of 91 kDa was responsible for the

stimulation of microsomal PLC activity as shown in Fig. 18 (Dog) and 19 (rat).
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Immunochemical properties of the cytosolic activator protein—In this study, the
cytosolic fraction eluting with 100 mM NaCl from DE-52 anion exchange
columns was immunoprecipitated by anti-bovine PLC-$, isoforms. The rat
microsomal PLC activity was assayed in the presence of rat or dog cytosolic 100
mM NaCl fractions before and after the inmunoprecipitation. As shown in Fig
20, the stimulation of rat DE-52 100 mM fraction was completely abolished by
the immunoprecipitation. The stimulation of the dog cytosolic 100 mM fraction
on rat microsomes was decreased more than 50%. This species difference
suggests that the bovine antibody is more selective for rat than dog PLC-3. The
cytosolic activator protein from rat and dog therefore appears to be an inactive

PLC-3 isoform.



Fig. 16. Dependence of rat cytosolic DE-52 100 mM NaCl fraction on
stimulation of microsomal PLC activity. Rat cytosolic fraction were prepared
in 100 mM NaCl from DE-52 anion exchange column as described in
MATERIAL AND METHODS. The protein content of 10 ul of the cytosolic
fraction was 1.08g. Both rat and dog microsomal PLC activities (1-2 ng) were
assayed with 0, 2.5, 5 and 15 pl of the cytosolic fraction.
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Fig. 17. Dependence of dog cytosolic DE-52 100 mM NaCl fraction on the
stimulation of microsomal PLC activity. dog cytosolic fraction were prepared
in 100 mM NaCl from DE-52 anion exchange column. The protein content of 10
ul of the cytosolic fraction was 1.0ug. Both rat and dog microsomes PLC (1-2 pg)
activities were assayed in the presence of 0, 2.5, 5, and 15 pl of the cytosolic
fractions.
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Fig. 18. Molecular weight of 100 mM DE-52 fraction from dog cytosol on
sephacryl-200 column. Dog cytosolic 100 mM NaCl fraction eluted from DE-52
anion exchange column was concentrated about 5.7 times on Amicon
ultrafiltration cell, and then separated on a sephacryl-200 column as described
in MATERIAL AND METHODS. The every second collected fraction was
assayed with 20 uM [H]-PI in the presence of about 1-2 ug of dog microsomes.
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Fig. 19. Molecular weight of rat cytosolic protein eluting in 100 mM DE-52
fraction. Rat cytosolic 100 mM NaCl fraction eluted from DE-52 anion exchange
column was concentrated about 6 times on Amicon Ultrafiltration Cell, and then,
separated on a sephacryl S-200 column as described in MATERIAL AND
METHODS. The every second collected fractions were assayed with 20 uM [*H]-
Pl in the presence of about 1-2 pg of rat microsomes.
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Fig. 20. Immunoproperties of 100 mM DE-52 fractions from rat and dog
cytosol. Rat cytosolic 100 mM NaCl fraction was prepared from DE-52 anion
exchange column as described in MATERIAL AND METHODS. The fractions
were concentrated about 5 folds on amicon ultrafiltration cell, and then
pretreated by immunoprecipitating with anti-bovine PLC-3,. Rat and dog
microsomal (1-2 ug) PLC activities were assayed with 20 uM of [?H]-PIP; in the
presence of the pretreated or untreated (control) 100 mM NaCl fraction from rat
cytosol.
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CHAPTER IV

DISCUSSION

Over the past fifteen years, PLC has been suggested to play an important
role in myocardial function (3-10), Positive inotropic effects by several agents
are accompanied by PLC activation (3-5). Myocardial phospholipase C (PLC)
plays an important role in signal transduction by ai-adrenergic agonists (4,8,9),
muscarinic agonists (3), endothelin (5), thrombin (6), and angiotensin II (7).
However, the identities of PLC isoforms in myocardium and the subcellular
distribution of PLC isoforms were controversial (11-14,32,57). The
transmembrane signaling mechanisms regulating myocardial PLC isoenzymes
and relationship between soluble cytosolic PLC isoenzymes and membrane-
bound PLC isoforms has not been delineated (14). These enzymes are difficult to
study since hormonal activation is not evident kin subcellular fractions. The
purpose of the present study was to characterize the expression of isoenzymes
of PLC in rat and canine myocardial cytosol and membranes and to determine
the relationship of membrane PLC to soluble PLC in homogenates of ventricular

myocardium. A species comparison may lead to functional insights into PLC
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isoenzymes because of the large differences in the myocardial functional
properties of rat and dog. Possibly relevant to this statement, marked

differences in PLC activities were observed in dog and rat heart.

The present study demonstrated that rat myocardial cytosol contained three
isoforms of PLC, designated PLC-8;, PLC-$,, PLC-B; (Fig. 12). PLC-5 was the
major isoform in rat cytosol and separated with an apparent molecular weight
of approx. 85 kDa from a Sephacryl S-200 HR column (Fig.9). A 150 kDa isoform
composed of PLC B; and PLC B3 was detected in rat cytosol but activity in this
peak was much lower than the 85 Kda PLC (Fig.9). In addition a PLC activity
separating with an apparent molecular weight of 69 kDa from rat cytosol,
expressed high activity and was identified by western blotting as a PLC- 83
fragment (Fig.9 and 12). Dog myocardial cytosol contained only two detectable
isoforms of PLC, designated PLC-B,;, PLC-B3 by western blotting (Fig. 12). PLC-$
activity eluted with appraent molecular weigts of 150 and 114 kDa (Fig.7). A
PLC activity separating with an apparent molecular weight of 83 kDa could be
separated from dog cytosol on a Sephacryl-200 column (Fig. 7). This peak has
properties of PLC-5 (Fig.8) but was not recognized by the anti-PLC-delta from
bovine brain (fig.12). Therefore the PLC-5 antibody only detects rat but not

canine PLC-$ isoform. PLC~y;, PLC y2 and PLC-$, were not detected in either rat
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or canine myocardial cytosol. The results further showed that rat and dog
cytsolol contained similar PLC isoenzymes but that isoforms were present in
different probortions in these species. In rat cytosol, PLC-5 and a 69 kDa PLC- 33
fragment accounted for the majority of PLC activity. In canine cardiac cytosol,
PLC-B isoenzymes were predominant. PLC-1 could not be separated from PLC-
B3 on S-200 column since PLC-B;1 and B3 have similar molecular weights. This
has been confirmed in several mamalian animal tissues (32) and corresponded

well to the current results.

These studies confirmed that the Ca?* affinities and the sensitivity of PLC §
and PLC-B isoenzymes were different. PLC isoforms have a very low activity in
dog cytosol under physiologic conditions unless assayed in the preéence of high
(mM) Ca%* and 1 mM deoxycholate (Fig. 3). Calcium concentration dependence
studies demonstrated that PLC-f isoforms showed a higher calcium affinity
reaching a plateau at about 0.4 mM Ca?* whereas PLC-5 showed a relatively
lower calcium affinity (fig 7 and 9). The properties of these PLC isoenzymes
correspond well to the properties established for PLC- 8, and PLC-

3, respectively (32, 57,58). In addition, PI was a relatively better substrate for
PLC-6 in comparison to PLC-$ which ustilizes PIP; better than PI (Fig.3,4,5). The

study also showed that the same PLC isoenzymes detected in cytosol were
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expressed in myocardial membranes in rat and dog, respectively but their
specific activities were much higher in membranes than in cytosol (Fig.13,14).
The membrane bound activities also did not required deoxycholate for maximal
activity. This could suggest that membrane binding alters the structure of PLC
similarly to DOC, leading to biological activation. Otherwise the Ca?* affinities
of the membrane bound and cytoslic activities were similar in the presence of PI
or PIP,. Although total PLC activity was relatively higher in rat than dog,
microsomal PLC activities from both species were maximally activated by

similar concentration of Ca?* (Figs. 13 and 14).

This study was the first to identify PLC-f isoforms in canine myocardial
microsomal membrane and cytosol eventhough many second previbus
investigators have mentioned multiple PLC forms exist myocardium (14, 32,58,).
In contrast to the current results, PLC-§ with an apparent molecular weight of 85
kda and PLC~y, with an apparent molecular weight of 145 kda were previously
identified in canine myocardium cytosol by Wolf (14). These workers also
detected PLC-8 in myocardial membranes and of further difference, detected no
PLC- in cytosol or membranes. The reasons for these differences are unclear
but are likely due to differences in the antibodies used. The PLC- B antibodies

used here were provided by Dr. P. Sterneweis and these antibodies were used
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successfully by these workers to identify PLC- 1 and PLC-B3 in rat (31). Dr
Petra Schnabel (59) also detected PLC-B; in human myocardium by RT-PCR and
reported its activation by G-protein. PLC-B, and B3 were also detected by Jhon,
D.Y. et al (32) in rat heart homogenates. All evidence indicates that PLC-B
isoforms are expressed in myocardium regardless of species . The relative
expression of of PLC-B in myocardial tissue appears to be much lower than
other tissues in rat (32). In the present study, PLC-f isoforms in cytosol were
detected by westerblotting only after a 10-fold concentration. In comparison, the
relative amount of PLC-B; and PLC-B3 in microsomes was relatively higher than
in cytosol. No concentration step was needed to detect PLC-f in microsomes.
The distribution of PLC-f isoforms may possibly br related to its regulation
mechanism by G-protein coupled to membrane receptors. In addition, a 69 kDa
PLC isoform was detected in rat liver which regulated by a high molecular
weight G protein and coupled to ai-adrenergic receptors (54). This 69 kDa PLC
isoform detected in rat liver may correspond to the PLC-B3 fragment present in
rat myocardium from my study. An interesting possibility is that the 69 kDa
PLC-B3 may be a naturally occurring PLC-f3 isoform in rat liver and heart. The
further study need to be done to determine if this fragment is denatured

naturally from the 150 kDa PLC-$; isoenzyme.
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It is of interest that McDonal and Mamrack also has identified PLC-5 in
bovine cytosol (58) which is in partial agreement with my finding in rat cytosol
(Fig.12) and microsomes (Fig.15) and in canine microsomes and cytosol (14).
Thus PLC-5 appears to be an major isoenzyme present in myocardium of all
species tested so far. The discrepancies in the relative amounts of PLC
isoenzymes present in various species will still have to be resolved by further

studies.

The present study is the first to show that myocardial cytosol contains a
cytosolic protein with an apparent molecular weight 91 kDa (Fig.18,19) which is
activated when combined with microsomal membranes (Fig.16,17). This protein
eluted with 100 mM NacCl from an anion exchanger column and had no or very
low PLC activity in assays using PI or PIP; as a substrate (Fig.10). When
combining the protein to rat and canine myocardial membranes, there was a 3-4
fold of stimulation of PLC activity (Fig.16,17). Most interestingly
immunoprecipatation with anti-bovine PLC- antibody completely abolished
the ability of the rat cytosolic protein to stimuate PLC activity when combined
with rat microsomal membranes (Fig.20). The activator protein from canine
cytosol was only partially blocked by the antibody mediated

immmunoprecipitation (Fig.20) further indicating the poor affinity of this



70

bovine antibody for canine PLC-5. This results together suggested that the

cytosolic activator protein was closely related with PLC-§ family in myocardial

membranes and cytosol.

The most important aspect of this study is that rat and dog cytosol possess
an inactive isoenzyme of PLC-§ which is activated by combining with
membranes. Activation of the inactive cytosolic PLC-§ following membrane
translocation may involve a conformational change or proteolysis by a
membrane-bound enzyme. This could suggest that physiological activation of
this PLC § isoenzyme is due to both membrane binding and increases in
intracellular Ca?*. As we know, PLC-S isoforms have been identified in most of
mamalian tissues but the mechanism of PLC-3 isoenzyme activation has not
been resolved. Results from this study provide further insights toward resolving
the mechanism of PLC-3. It would be interest to learn if PLC-6 binds to specific
site on membrnaes. In addition, rat cytosol also possesses an active 85 kDa PLC-
8 which can be activated by Ca?* without combining with membranes. The
physiologic reason for the presence of these different PLC-d isoenzymes is not

yet clear.



71

It is hypothesized that proteases may remove a small peptide from the
inactive cytosolic PLC-$ isoform to produce an activated cytosolic PLC-5.
Proteases may act during the process of preparation of membranes and cytosol
and result in active PLC-5 which can be detected by westernblotting. But the
present study can not exclude in vivo specific protease. Otherwise the further
experiments are necessary to find the relationship between the 91 kDa cytosolic
protein immunoprecipated by anti-bovine PLC-6 and PLC-3 family. Studies are
also needed to determine the factors involved in potential translocation and the

activation of PLC-$ in vivo.

The data suggests an important role for PLC- in generation of PIP»-
derived second messengers in cardiovascular tissue because this isoenzyme was
also expressed in cardiac membranes highly enriched in the substrates and
enzymes necessary for local synthesis of PIP.. The activation of cytosolic
inactive PLC-§ by translocating to membranes were only observed in the assays
using PIP; as a exogenous substrate (Fig.16,17). No activation has been noticed
in assays using PI as a exogeneous substrate (data not shown). Furthermore, a
physiological role for PLC-$ in cardiovascular tissue is again addressed by

recent observation that aortic smooth muscle cells from spontaneously
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hypertensive rats contain genomic DNA that point mutate in the catalytic

domain of PLC- by (62).

The data in the present study help to reconcile conflicting reports .
concerning the relationship between soluble PLC to membrane-associated PLC
in cardiac tissue. It explains why some investigators report that soluble PLC is
distinct from membrane-associated PLC, whereas others report similarities
between soluble and membrane-associated PLC. Assay conditions and choice of
substrate can markedly influence the enzymatic activity of PLC-8. Assays
sensitive to PLC-$ activity, such as those with PIP; as substrate are likely to
detect similarities in membrane-associated and soluble PLC in cardiac tissue.
Because PLC-3 is present in both cytosol and membrane. In contrast, assays in
which Pl is substrate at high calcium concentrations are more selective for other
PLC and are likely to detect differences between membrane-associated and

soluble PLC.

There are several important limitations to characterize the myocardial
compartmentalization of PLC isoenzymes in subcellular fractions. Isoenzymes
that are associated with the membrane in vivo may be removed from this

membrane during isolation of membrane vesicles from myocardial homogenate.
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Additional isoenzymes may be expressed in myocardium that can not be
detected by our enzyme assay or by our immunoblotting technique. Thus these
data do not exclude the possibilii;y that additional isoenzymes of PLC are
associated with membrane. Truncated PLC-f isoforms with apparent molecular
weight of 69 kDa may come from protease in vitro or in vivo. It is also not
possible to conclude that the PLC isoform with an apparent molecular weight
114 kDa is a PLC-B fragment since analysis has not been performed from
immunobloting. So far, we can not exclude it from a unknown PLC isoform
with similar Ca?* affinity with PLC- isoform. Further study need to be done to
find out if it can been recognized by anti- PLC-B antibodies or if it can be

activated by G-protein.
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