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plcin and Cytosolic F-Actin Constitute a Heteromeric Complex with a
Constant Molecular Mass in Rat Skeletal Muscles’

Yuanyuan Li,*? Guozhong Tao,* Hiroyuki Nagasawa,' Hiroshi Tazawa,! Akira Kobayashi,*
Hideaki Itoh,* and Yohtalou Tashima*?

*Second Department of Biochemistry and tDepartment of Orthopedic Surgery, Akita University School of Medicine,
1-1-1 Hondo, Akita 010-8543

Received April 23, 1999; accepted July 16, 1999

To elucidate the function of pl.,,, its localization in subcellular organellae was investigat-
ed. A specific polyclonal anti-pl.,, antibody detected the soluble 38-kDa pl.,, exclusively in
the cytosols of rat heart, lung, liver, spleen, skeletal muscle, testis, and brain, but not rat
kidney. plq..-associated proteins in skeletal muscle were also analyzed. Native-gradient
PAGE showed a single 340-kDa protein band reactive to anti-pI.,, antibody. This band also
stained with anti-actin antibody. Two-dimensional PAGE and immunoprecipitation
analysis indicated that all of the pl.,, was present in association with actin of a constant
length: the molecular ratio of pl;,, to actin was roughly 1:7. In addition, all actin in the
cytosol fractions was found in association with pI.,,. These results suggest the possibility

that skeletal muscle pl.;, controls the length of cytosolic F-actin.
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Swelling-activated or volume-sensitive Cl- currents are
found in numerous cell types and play a variety of roles in
their function (1-3). plcin, & 235-amino-acid protein whose
c¢DNA was first cloned from MDCK cells by Paulmichl et al.
(4), was initially proposed to be a Cl- channel-forming
protein. Chen et al. knocked down the pl:), protein in
nonpigmented ciliary epithelial cells using an antisense
oligonucleotide complementary to human pl.,, mRNA (5).
The pl¢in-knocked-down cells showed delayed activation of
volume-activated Cl~ current and reduced ability to regu-
late volume. Recently, we reported that pl¢,, predominant-
ly localizes at the luminal surface membranes of distal
tubules and Henle’s ascending limbs (6) and proximal
tubules (7). plci, seems to be involved in the activation
pathway of the volume-activated Cl- current. Except for
the kidney, however, plc,, is a soluble protein localized
predominantly in the cytoplasm (8- 10). pl¢,, was observed
on nuclei and their surroundings in pig renal proximal
tubular cells, LLC-PK1, but not on the cell surface
membranes, although it was present in soluble and insol-
uble forms (11). In this report, the exposure of LLC-PK1
cells to hypotonic media elevated the ratio of soluble to
insoluble pl¢,, within 5 min. This intracellular transloca-
tion of pl¢;, was inhibited by extracellular ATP, which
blocked the Cl~ current induced by the expression of plcin
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in oocytes. When expressed in Xenopus oocytes, plcia
induced an outwardly rectifying anion conductance that was
blocked by extracellular nucleotides (4). Xenopus oocyte
swelling was shown to activate an endogenous I¢)nswen that
superficially resembled the current induced by hetero-
logous expression of pl¢;, (12).

Voets et al. characterized the current induced by expres-
sion of human pl,, in Xenopus oocytes in comparison with
the endogenous Icinswen and showed clear differences
between them in the rectification ratio of currents mea-
sured at +55 and —95 mV, the anion permeasbility se-
quence, the sensitivity to extracellular cAMP, and the
effect of cell swelling (13). These observations cast signifi-
cant doubt on the hypothesis that plc, is an I n swe channel
regulator (14).

Suppression of cell-volume-induced activation of Cl-
channels by the antisense oligonucleotides for plc,, strongly
suggests that pl¢,, relates to cell volume control, by either
a direct or indirect mechanism (15). Krapivinsky et al.
demonstrated that pl.,, forms oligomeric complexes with
other cytoplasmic proteins including actin in MDCK cells
(8). The association of plc,, with actin was observed for red
blood cells (16) and heart muscles (17). Emma et al
identified a non-muscle isoform of the alkali myosin light
chain that binds selectively to plcin, using affinity assays
and immunoprecipitation with C6 glioma cells (18).

Filamentous actin (F-actin) has been suggested to play a
role in regulatory volume decrease (19-22). The plasma
membrane is supported by the F-actin-based network.
Disruption of the cytoskeleton reduced L, swei; (21), and the
absolute amount of intracellular F-actin is not critical for
the volume regulation of cells (23). An F-actin disrupting
drug, dihydrocytochalasin B, completely inhibited the
translocation of pl¢, from the insoluble to soluble fraction
induced by the 50% hypotonic treatment of LLC-PK1 cells
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(11). Okada discussed the volume-sensitive sensors in
connection with pl.,, in detail, based on his finding that
cytochalasin D increased current density per relative
surface area of KB cells (3).

plcin is present at high densities in organs not normally
exposed to low osmotic stress, such as brain, testis, and
adrenal gland (24). Native heart cytosolic plc, forms
several oligomeric complexes with apparent molecular
masses of 73, 90, 300 kDa, while sf9 cells do not (8). In
LLC-PK1 cells, the apparent molecular masses of the
Plcin-complexes were 115 and 480 kDa (11). The differ-
ences in the apparent molecular masses of the oligomeric
complexes with pl¢;, among the tissues and two types of
cells suggest that the physiological roles of pl;,, may differ
depending on the tissues or cells. Questions have been
raised regarding which of the several pl¢,-including com-
plexes contains actin, whether the actin that binds pl,, is
globulous actin (G-actin) or F-actin, and whether the
plcin-actin complex also includes other proteins. The
answers to these questions should help to clarify the
functions of pl;,. In the present study, we investigated the
intracellular localization of plc;, in several organs and
plcin-actin complexes in skeletal muscle cytosols.

MATERIALS AND METHODS

Materials—Sprague-Dawley rats (male, 6 weeks old)
were purchased from the Shizuoka Agricultural Coopera-
tive Association for Laboratory Animals (Hamamatsu) and
used in experiments that adhered to the Guidelines for
Animal Experimentation of the Akita University School of
Medicine. Goat anti-rabbit horseradish-peroxidase con-
jugated immunoglobulin (IgG) was from BioRad (Rich-
mond, USA). Rabbit anti-actin antibody was from Sigma
(IgG fraction, Catalogue No. A5060). This antibody was
developed using the N-terminal peptide (amino acid resi-
dues 20-33) attached to a multiple antigen peptide back-
bone as an immunogen. The antibody recognizes the 42-kDa
actin band in human or animal tissues extracts (according to
the manufacturer’s instructions). Other chemicals were
purchased from Sigma Co. Japan. Rabbit anti-pl;,, anti-
body developed using the N-terminal peptide was the same
preparation as that described in our previous report (6).
This antibody against the synthesized C-terminal 18 amino
acid peptide sequence (NH;-VDTTPTVAGQFEDADVDH-
COOH) of plc,, strongly reacted with human recombinant
plcin.

Preparation of Rat Organs into Soluble and Insoluble
Fractions—All operations were carried out at 4°C. Rats
were sacrificed by cervical dislocation, and the organs were
immediately removed, chopped, and homogenized with 3
volumes of Buffer A (20 mM Tris-HCl, 0.5 mM EDTA,
0.25 M sucrose, 2 mM PMSF, 50 mM NaF, 1 mM Na;VO,,
pH 7.4). After centrifugation at 800X g for 10 min, the
supernatant was centrifuged at 100,000 X g for 90 min. The
resulting supernatant was taken as the soluble fraction. The
precipitate was washed twice by centrifugation in Buffer A
and suspended in the same buffer to give the insoluble
fraction.

Subcellular Fractionation—Rat brains, skeletal muscles,
and kidneys were subcellularly fractionated into nuclear,
mitochondrial, microsomal, and cytosol fractions as fol-
lows. Each organs was homogenized separately with 10
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volumes of buffer A using a Polytron homogenizer (Kine-
matia Amb H, Switzerland) at half-maximal speed for
approximately 2 min until all large pieces of tissue had
disintegrated. The homogenate was centrifuged at 500% ¢
for 10 min. The precipitate (P1) and supernatant (S1) were
further fractionated by centrifugation. P1 was suspended in
Buffer B (10 mM Tris-HCl, 2 mM MgCl;, 0.32 M sucrose, 2
mM PMSF, 50 mM NaF, 1mM Na,VO,, pH7.4) and
centrifuged at 1,000 X g for 10 min. This step was repeated
once, and the resulting precipitate was suspended in Buffer
B containing 0.1% Triton X-100. The suspension was
overlayed on 2.2 M sucrose and centrifuged at 18,000 X g
for 60 min. The precipitate was washed with Buffer A to
yield the nuclear fraction. S1 was centrifuged at 22,000 X
g for 15 min, and the resulting supernatant was centrifuged
further at 105,000 X g for 60 min. The supernatant ob-
tained was used as the cytosol fraction. The 22,000X g
precipitate was composed of two distinguishable layers: a
fluffy white layer and a hard red layer. The fluffy layer was
suspended in Buffer A and centrifuged at 10,500 X g for 8
min. The resulting supernatant was centrifuged at
38,500 % g for 30 min. The precipitate was washed once
with Buffer A to give the microsomal fraction. The hard
layer was suspended in Buffer C (1.0 mM Tris-HC], 0.1
mM EDTA, 0.28 M sucrose, 2 mM PMSF, 50 mM NaF, 1
mM Na,VO,, pH 7.2) and centrifuged at 500 X g for 10 min.
The supernatants was centrifuged at 10,700 X g for 12 min.
The 10,700 X g precipitate was suspended in Buffer C and
centrifuged at 500X g for 10 min. The resulting super-
natant was centrifuged at 1,900 X g for 8 min. The precipi-
tate obtained was suspended in Buffer D (20 mM phos-
phate-KOH buffer, 0.02% BSA, 2 mM PMSF, 50 mM NaF,
1 mM Na,VO,, pH 7.2) and centrifuged at 500X g for 10
min. The supernatant was centrifuged at 1,900 x g for 8
min. The resulting precipitate was washed once with Buffer
A to yield the mitochondrial fraction.

Enzyme Assay—Succinate-cytochrome ¢ reductase (EC
1.3.99.1] activity as a mitochondrial marker was measured
by the method of Tisdale (25). Na*-K+*-ATPase [EC
3.6.1.37] activity as a microsomal marker and fructose
1,6-bisphosphatase [EC 3.1.3.11] activity as a cytosolic
marker were measured as described previously (Refs. 26
and 27, respectively). DNA as a nuclear marker was
determined with bisbenzimidazole (Hoechst 33258) by the
method of Labarca and Paigen (28). Protein was deter-
mined by Lowry’s method (29).

Electrophoresis and Immunoblot—Samples (20 g of
protein per lane) were subjected to SDS-PAGE (9% slab
gel) by the method of Laemmli (30). Coomassie Brilliant
Blue R-250 (CBB) was used for the staining of the proteins.
Western blot analysis was performed by the method of
Towbin et al. (31). The antibodies were used with
1,000-fold dilution. Native gradient polyacrylamide gel
electrophoresis (Native-gradient PAGE) was carried out on
a slab gel with linear gradient of polyacrylamide from 6 to
18% by a slight modification of the method described by
Schégger et al. (32). After running, the gel was equilibrat-
ed with 1% SDS in the immunoblot buffer for 30 min,
followed by immunoblotting. Two-dimensional gel electro-
phoresis was performed as follows: the first electrophoresis
was the native-gradient PAGE on a slab gel, and the second
electrophoresis was SDS-PAGE using the gel stripe of one
lane cut from the first gel. The immunoblot was carried out
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by the above-mentioned method of Towbin et al. (31). The
densities of the protein bands or spots stained with CBB
were measured with a scanning densitometer using a Scion
Image program (Scion, USA). For determining protein
molecular weights, High Molecular Weight Calibration Kit
(Pharmacia, Uppsala, Sweden) was used. Phosphorylase b
(94,000), albumin (67,000) and ovalbumin (43,000) were
used for SDS-PAGE; and thyroglobulin (669,000), ferritin
(440,000), catalase (232,000), lactate dehydrogenase
(140,000), and albumin (67,000) were used for native
gradient PAGE.

Immunoprecipitation—Anti-pl;), serum or preimmune
serum, 10 x1, was mixed with 1 ml of the skeletal muscle
cytosol fractions containing 4 mg of proteins and incubated
for 2 h at 4°C. Protein A-Sepharose (0.5 g wet weight) was
added, and the mixture was shaken gently for 2 h at 4°C.
The resin was then washed five times with ice-cold 20 mM
Tris-HCI buffer (pH 7.4) containing 0.5 mM EGTA, 150
mM NaCl, 50 mM NaF, 1 mM Na,VO,, and 0.1% Triton
X-100. The washed resins were suspended in the buffer for
SDS-PAGE, boiled for 4 min, and analyzed by SDS-PAGE
followed by immunoblotting.

Phosphorylation and Dephosphorylation—The skeletal
muscle cytosol fractions were incubated with protein kinase
A catalytic subunit in a kinase buffer (10 mM Tris, 50 mM
KCl, 10 mM MgCl;, 20 «M ATP, pH 7.4) at 30°C for 15
min, or alkaline phosphatase in a phosphatase buffer (10
mM Tris-HCl, 10 mM MgCl,, pH 9.5) at 30°C for 30 min.
The incubated samples were immediately analyzed by
native-gradient PAGE and immunoblot assay with anti-
plcin or anti-actin antibody. The sample was also incubated
in 10 mM EDTA or 10 mM CaCl; in 10 mM Tris buffer (pH
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7.4) at 30°C for 5 min and used for native PAGE and
immunoblot assay.

RESULTS AND DISCUSSION

Dustribution of pl., in Rat Organs—Northern blot
analysis has revealed that pl, is ubiquitously present in
mammalian organs (24, 33, 34). The protein amount of
Plcin in cells might not be proportional to the amount of
mRNA for plc;,. Reports on its organ distribution by
immunoblot are rather few. Using the anti-plc,, antibody,
the distribution of pl¢,, was observed for rat organs: heart,
lung, liver, spleen, kidney, skeletal muscle, testis, and
brain. The tissue homogenates were divided into soluble
and insoluble fractions as described under “MATERIALS
AND METHODS.”

As shown in Fig. 1, 38-kDa bands were recognized in the
soluble fractions from all organs except the kidney. The
renal extract showed no immunoreactive band. It is inter-
esting to observe that plci, was detected in the microsomal
fractions of pig kidneys and on the luminal surface mem-
branes of the distal tubules and Henle's loop ascending
limbs (6). Rat and pig kidneys thus differ the localization of
this protein. In the case of pig kidneys, pl¢,, was detected in
both soluble and insoluble fractions.

Although the predicted molecular mass of plc;, from
¢DNA of MDCK cells is 27 kDa, the apparent molecular
mass of antibody-recognizing endogenous plc,, was shown
to be 37-43 kDa on SDS-PAGE (6, 8, 32, 34). This large
apparent value on SDS-PAGE is a striking feature of pl¢,.
Our previous results (35) showed that a recombinant plc,
conjugated to 15.6-kDa thioredoxin (tag-peptide) showed
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Fig. 1. Distribution of plL,, in solu-
ble and insoluble fractions from
eight rat organs. The organs were
separated into soluble and insoluble
fractions by centrifugation, as described
in “MATERIALS AND METHODS.”
Each sample (20 ug protein/lane) was
applied to SDS-PAGE (9%), followed
by staining with Coomassie Brilliant
Blue (CBB) or electrically transferred
onto PVDF membranes and immuno-
stained with anti-pl,, antibody (Blot).
(A) Soluble fractions. (B) Insoluble
fractions. Lane 1, heart; lane 2, lung;
lane 3, liver; lane 4, spleen; lane 5,
kidney; lane 6, skeletal muscle; lane 7,
testis; lane 8, brain. The positions of
molecular mass standards are shown
with their values in kDa.

4 5 6 7 8

ZT0O7 ‘T 200100 UO lidsoH ue s LuN enubueun e /Hlosreuldnolbiorxo:al//:dnu wodl bapeo [uMmoc


http://jb.oxfordjournals.org/

646

water-soluble characteristics, and mobility on SDS-PAGE
corresponding to a molecular mass of 50 kDa. Assuming
that the tag-portion has a molecular mass of 15.5-kDa on
the SDS-PAGE, the portion of pl¢;, is calculated to have a
molecular mass of 34.5 kDa (50-15.5 kDa). Therefore, the
38-kDa protein band detectable with the anti-pl¢,, antibody
can be concluded to be plc;,. This calculated value is very
near that of the present soluble pl.,,, 38 kDa. This recom-
binant plc,, in Escherichia coli resulted in significant
tolerance to a hyposmotic environment. The soluble 38-
kDa protein in the present experiments is estimated to be
plcin, responsible for the tolerance to the hyposmotic
environment.

The protein from skeletal muscle in Fig. 1 (lane 6) seems
to show a slightly faster mobility, but the difference was not
significant as shown in Fig. 2: the mobilities of the bands for
skeletal muscle and brain were the same. Interestingly, the
soluble fraction from the hearts showed another band with
a larger molecular mass, 43 kDa. Krapivinsky and his
coworkers showed only a single band using dog hearts (8).
This discrepancy may come from the difference in animal
species, like the localizations of pl¢;, in the kidneys of rat
and pig.

No 38-kDa protein bands were observed in any insoluble
fractions, as shown in Fig. 1B. A 47-kDa band was observed
in all insoluble fractions except the lung and the spleen.

Another protein band with a molecular mass of 110-kDa
was observed in the insoluble fractions from heart, liver,
and skeletal muscle (Figs. 1B and 2). At the present time,
there are no experimental results that allow discussion of
the larger protein bands.

Intracellular Localization of pl:,—Subcellular localiza-
tion of pl¢), in three rat organs, skeletal muscle, brain, and
kidney, was observed to determine the localization of the
38-, 47-, and 110-kDa proteins. As shown in Table I, the rat
skeletal muscle, brain, and kidney were well-fractionated
into the nuclei, mitochondria, microsomes, and cytosol,
judging by the distribution of each marker enzyme.

The 38-kDa protein band on SDS-PAGE was observed in

N Mt Ms Cyto
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the cytosol fractions from skeletal muscle and brain, but
not in renal cytosol, confirming the results in Fig. 1.

On the subcellular cell-fractionation, the activity of Na-
K-ATPase, a highly specific marker enzyme of cell surface
plasma membranes, was roughly 2.5-4 times higher in the
microsomal fractions than in the mitochondrial fractions.
On the other hand, the densities of the 47-kDa protein
bands showed no significant differences between the
mitochondrial and microsomal fractions from any organs
tested. The 47-kDa protein seem to be associated at least
with intracellular membranes other than the cell surface
plasma membranes.

These results suggest the heterogeneity of mRNA for
plcin. Abe and his coworkers reported only one mRNA (1.8
kb) in all rat organs, including skeletal muscle, investigated
by Northern blot analysis (24). We confirmed these results
by similar experiments (data not shown). However, no
further evidence is available regarding these speculations.

The 110-kDa band on SDS-PAGE was observed only in
the nuclei fraction from skeletal muscle, as shown in Fig. 2.
Although this exclusive localization of the 110-kDa protein
is interesting, its relationship to pl¢;, is unknown and must
await sequencing of the amino acid or the ¢cDNA of this
protein.

While preparing this manuscript, we succeeded in pro-
ducing an antibody against plc,, using recombinant full-
length plci,. This antibody recognized only the 38-kDa
protein band in SDS-PAGE, and not 47- and 110-kDa bands
in the insoluble fractions of several organs tested, including
skeletal muscle.

Native Form of Soluble pl.,,—The plcin with the
molecular mass of 38 kDa on SDS-PAGE has been regarded
as a regulatory protein of an osmo-sensitive chloride
channel (8), and some proteins associated with pl¢;, have
been reported: e.g., actin (8, 16) and a protein kinase (36).
The native plci, was observed by a native-gradient PAGE,
followed by immunoblotting with the anti-pl¢;, antibody.
As shown in Fig. 3, only one band with a molecular mass of
340 kDa was detected. OQur previous report described three

Fig. 2. Subcellular distribution of pl.;, in rat

brain, skeletal muscle, and kidney. The three

organs were fractionated into nuclei (N), mitochon-
- 94 drial (Mt), microsomal (Ms), and cytosol (Cyto)

fractions as described under “MATERIALS AND
- 67 METHODS.” In each lane, the sample (20 zg pro-

tein/lane) was applied to SDS-PAGE (9%), followed
-43 by electrical blotting onto PVDF membranes and
immunostaining with anti-pl¢,, antibody. B, brain;
M, muscle; K, kidney. The positions of molecular
mass standards are shown with their values in kDa.
Experiments were repeated three times, and the
B results were reproducible.

TABLE 1. Subcellular fractionation of rat brain, skeletal muscle and kidney. Rat brain (B), skeletal muscle (M), and kidney (K) were
fractionated, and their marker enzyme activities and DNA were measured. The values shown are the percentage of the maximal value in each
fraction. S-CCRase, succinate-cytochrome c¢ reductase; FBPase, fructose-1,6-bisphosphatase.

DNA S-CCRase Na*.K*-ATPase FBPase
B M K B M K B M K K
(%)
Nuclei 100 100 100 35 45 22 5 8 5 0
Mitochondria 0.5 0 0 100 100 100 35 30 25 1
Microsome 0 0 0 27 40 27 100 100 100 5
Cytosol 0 0 0 11 7 8 10 4 10 100
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plcin-containing complexes with molecular masses of 38,
115, and 480 kDa in LLC-PK1 cells using the same native-
gradient PAGE (11). In MDCK cells, plci, was observed to
associate stably with actin (8). Based on these previous
reports, the immunoblotting was carried out with the
anti-actin antibody. Surprisingly, the results clearly
showed only one band at the same position as that of plci,
and no other band, which suggested the absence of mono-
mers and random oligomers of actin. The electrophoreto-
gram stained with CBB after the native-gradient PAGE
showed a dense and sharp protein band at the position of
340 kDa. By SDS-PAGE followed by immunoblotting for

CBB Blot
669
440
232

140

67

Fig. 3. Native-gradient PAGE of cytosolic pl,, of rat muscle.
Rat skeletal muscle cytosol (40 xg protein/lane) was analyzed by
native-gradient PAGE (6-18%). The obtained gels were stained with
Coomassie Brilliant Blue (CBB) or equilibrated with 10% SDS
solution, then blotted onto PVDF membranes and immunostained
with anti-plc;, or anti-actin antibody. The positions of molecular mass
standards are shown with their values in kDa. The arrowhead indi-
cates the position of the immunostained band.
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actin, the soluble fraction showed only one immunoreactive
band, of approximately 43 kDa (data not shown).

The association of pl¢,, with actin in the soluble fraction
was analyzed by two-dimensional gel electrophoresis. In
general, isoelectrofocusing is used for the first dimension of
two-dimensional PAGE. This conventional method did not
work for plci,. The native-gradient PAGE was applied for
the first dimension, and SDS-PAGE for the second as
described under “MATERIALS AND METHODS.” As shown in
Fig. 4, this new type of two-dimensional PAGE showed
well-separated results. The gels stained with the anti-plc,,
antibody or the anti-actin antibody each showed only one
immunoreactive spot. The CBB-staining of the native-
gradient PAGE showed a dense spot at the position of actin
of approximately 43 kDa and a faint spot at the position of
plcin of approximately 38 kDa. These electrophoretic
patterns indicate that no other protein associates with the
plcim-actin complex and, consequently, that actin in the
soluble fractions of rat skeletal muscles is present as a
340-kDa heteropolymer in association with plc,,. The
density ratio of the actin spot to the plci, spot stained with
CBB was 6.79+0.98 (n=5). One pl¢;, and seven actin
monomers can form a 338-kDa (37+43%x7) plcia-actin
complex. This value is consistent with the apparent value
obtained from the native-gradient PAGE. The density of
staining by CBB is known to vary depending on the protein
species. Therefore, the ratio of 1 plcin to 7 actins might be
different from the real ratio. However, this value indicates
the binding of one plc;, to one F-actin with a constant
length.

The specific association of pl¢;, with actin was confirmed
by immunoprecipitation of the pl¢,,-actin complex from the
muscle-soluble fractions using anti-plci, antibody. The
SDS-PAGE followed by immunoblot of the immunopre-
cipitates showed a 38-kDa band stained with the anti-pl¢,
antibody and a 43-kDa band stained with the anti-actin
antibody, indicating co-immunoprecipitation of the plcin-
actin complex (data not shown).

This association of pl¢,, with actin might be controlled by
phosphorylation-dephosphorylation (36) or divalent ca-
tions such as Ca?*. The soluble fractions of rat skeletal
muscles were treated with the catalytic subunit of protein
kinase A or with alkaline phosphatase as described under

CBB Blot
Native - PAGE
. Z
| 7 ‘.
i | |
- | - !
& ° |
- W A - |
‘ . g i pE— !
| A4 | |
i3t e gy | \ [
anti-pICln anti-actin

Fig. 4. Two-dimensional PAGE of cytosolic pl¢,, in rat skeletal muscle. The first dimension was native-gradient PAGE (6-18%), and
the second dimension, SDS-PAGE (9%). The cytosolic sample (80 ug protein) was used for one analysis. After electrophoresis, the gels were

stained with Coomassie Brilliant Blue (CBB) or analyzed by immunoblot assay using anti-plc,, or anti-actin antibodies. The upper and lower

arrows show the positions of spots detected by immunostaining with anti-pl¢;, and anti-actin antibodies, respectively.
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“MATERIALS AND METHODS.” Neither treatment produced
changes in the mobility of plc,, (340 kDa) in the native-
gradient PAGE, indicating no dissociation of the complex
(data not shown). Similarly, the treatment of the soluble
fractions with 10 mM EDTA or 10 mM Ca** showed no
dissociation of the complex (data not shown). Our prelimi-
nary experiments could not show the construction of the
complex with recombinant plc;, and purified F-/G-actin
from rat skeletal muscles.

The actin-based cytoskeleton plays a role in the regula-
tion of cell shape, cell mobility, and membrane function.
Disruption of the cytoskeleton alters the volume sensitivity
of Liswen (37). Expression of plc,, with an apparent
molecular mass of 38 kDa on SDS-PAGE in Xenopus
oocytes produced an outwardly rectifying chloride current
(8), and the display features were consistent with swelling-
induced chloride current (4). Expression of pl¢,, in E. coli
resulted in significant tolerance to a hyposmotic environ-
ment (35). The specific association of F-actin with plc,
may be concerned with swelling-induced cell volume con-
trol. Although it is unlikely that skeletal muscles are
physiologically exposed to a hyposmotic environment, they
may change their cell volumes by contraction and relaxa-
tion. The cytosolic pl¢,, of rat skeletal muscles may contrib-
ute to regulation of the mechanical changes in cell volume
through maintaining and regulating cytoskeletal function.

In conclusion, 38-kDa pl;, was found exclusively in the
cytosols of all rat organs tested except the kidney. The
anti-pl¢;, antibody did not detect any proteins in renal
cytosols. All 38-kDa pl¢;, in the cytosol fractions from rat
skeletal muscle was present in association with actin, and
all the cytosolic actin was found in association with pl¢,, at
a 1:7 stoichiometry of plc; binding to actin, forming a
complex with molecular mass of 340 kDa.
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