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ABSTRACT

Calf serum induced the phospholipase C-mediated hydrolysis of phos-
phoinositides in normal rat kidney (NRK) cells transformed by a temper
ature-sensitive Kirsten murine sarcoma virus (tsK-NRK cells). Various
growth factors known to induce the phospholipase C reactions in other
cell types, such as platelet-derived growth factor, fibroblast growth factor,
epidermal growth factor, thrombin, vasopressin, Immln-sm. cholecysto-
kinin, and prostaglandin i'<...did not induce phospholipase C reactions in

the transformed NRK cells. Furthermore, noradrenaline, histamine, do
pammo, angiotensin II, carbachol, and tumor growth factor-/? did not
induce phospholipase C reactions. However, serotonin did induce phos
pholipase C reactions. The amount of serotonin contained in the calf
serum was sufficient to support 50% of the activity promoted by the
serum itself, and calf serum-induced phospholipase C reactions were
inhibited to 10-20% of the original level by ketanserin and methysergide,
known to be antagonists for the serotonin receptors. Dialysis almost
completely removed serotonin from calf serum and reduced the serum-
induced phospholipase C reactions. Moreover, the phospholipase C
reactions induced by calf serum and serotonin were inhibited by pretreat-
ment of the cells with pertussis toxin or ^-O-tetradecanoylphorbol-lS-
acetate. These results indicate that serotonin is one of the major serum
factors inducing phospholipase C-mediated hydrolysis of phosphoinosi-
tides in transformed NRK cells. Serotonin induced phospholipase C
reactions not only in tsK-NRK cells but also in nontransformed NRK
cells. However, serotonin did not induce these reactions in Swiss 3T3
cells or NIH 3T3 cells.

INTRODUCTION

The phospholipase C-mediated hydrolysis of phosphoinosi-
tides produces diacylglycerol and three inositol phosphates,
IPi,3 IP?, and IPs, in response to various extracellular signals

including growth factors, hormones, neurotransmitters, and
other biologically active substances (for a review, see Reference
1). Among the four phospholipase C products, diacylglycerol
and IPs serve as the intracellular messengers for the protein
kinase C activation and for the intracellular Ca2+ mobilization,

respectively (for reviews, see References 1-3). These two intra
cellular messenger systems are involved in the regulation of a
variety of cell functions including the stimulation of exocytosis,
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gene expression, Na+/H+ exchange, and glucose transport, and

the inhibition of various growth factor receptor functions, phos
pholipase C reactions, and Ca2+ influx (1-3). Tumor-promoting

phorbol esters such as TPA and PDBu also exert their functions
through the protein kinase C activation (2, 3). The phorbol
esters substitute for diacylglycerol and directly activate protein
kinase C in a manner identical with that of diacylglycerol (2,
3).

It has recently been suggested that ras p21 enhances phos
pholipase C reactions, on the basis of observations that steady-
state cellular levels or the submaximal levels of phospholipase
C products are elevated in raj-transformed cells as compared
with those in nontransformed control cells (4-10). However,
the molecular basis underlying this action of ras p21 has not
been clarified.

For studies on the mode of action of ras p21, NRK cells
transformed by Kirsten murine sarcoma virus have often been
used (5, 7, 9). In this cell line, serum induces phospholipase C
reactions, but the serum factor(s) or a well-defined growth
factor(s) inducing these reactions have not been identified. It is
important to use a well-defined growth factor as an inducer of
phospholipase C reactions to investigate the mode of action of
ras p21.

In the present studies, we have attempted to identify the
serum factor(s) inducing the phospholipase C reactions in NRK
cells and the cells transformed by a temperature-sensitive Kir
sten murine sarcoma virus. This paper describes for the first
time that serotonin is one of the major serum factors inducing
the phospholipase C reactions in these cell lines.

MATERIALS AND METHODS

Materials and Chemicals. tsK-NRK and NRK cells were kindly
supplied by Dr. E. M. Scolnick (Merck Sharp & Dohme Research
Laboratories, West Point, PA). The Swiss 3T3 cell line was a generous
gift from Dr. E. Rozengurt (Imperial Cancer Research Fund, London,
England). The NIH 3T3 cell line was kindly supplied by Japan Cancer
Research Resources Bank which originally obtained it from Dr. S. A.
Aaronson (National Cancer Institute, MD). Serotonin, noradrenaline,
and thrombin were purchased from Sigma. Histamine and dopamine
were from Merck and Wako Pure Chemical Industries Ltd. (Osaka,
Japan), respectively. TPA was from CCR Inc. PDGF and EGF were
from Collaborative Research. FGF, angiotensin II, ketanserin, and
methysergide were kindly supplied by Dr. D. Gospodarowicz (Univer
sity of California, San Francisco, CA), Ciba-Geigy Ltd., Kyowa Hakko
Kogyo Co. (Osaka, Japan), and Sandoz Ltd., respectively. Pertussis
toxin, rat brain GÂ¡,and rat brain Gâ€žwere generous gifts from Dr. T.
Katada (Tokyo Institute of Technology, Yokohama, Japan) and Dr. M.
Ui (Tokyo University, Tokyo, Japan). Tumor growth factor-/3 was
kindly gifted by Drs. T. Nakamura and A. Ichihara (Tokushima Uni
versity, Tokushima, Japan). [3H]Inositol (specific activity, 19 Ci/mmol)
and [32P]NAD (specific activity, 800 Ci/mmol) were from Amersham
and Du Pont-New England Nuclear, respectively. Calf serum, fetal calf
serum, and all media were from GIBCO. Plasma-derived serum was
prepared from fresh human blood as described (11). Other materials
and chemicals were obtained from commercial sources.

Cell Culture. Stock cultures of tsK-NRK cells were maintained at
32Â°Cin a humidified atmosphere of 5% CO2, 95% air in DMEM
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containing 10% calf serum, penicillin (50 units/ml), and streptomycin
(50 ng/ml). The cells were fed with the same medium every 48 h. These
cells displayed the rounded and refract ile morphology typical of trans
formed cells. NRK cells and NIH 3T3 cells were maintained under the
same conditions as tsK-NRK cells except that they were cultured at
37Â°C.Swiss 3T3 cells were maintained as described previously (12).

Assay for Inositol Phosphate Formation. The tsK-NRK cells were
subcultured into 35-mm dishes (1.6 x IO4cells/cm2) and incubated at
32Â°Cfor 24 h. The cells were labeled at 32Â°Cfor 48 h with [3H]inositol

(5.0 fiCi/ml) in inositol-free DMEM containing 10% calf serum. After
the labeled medium was removed, the cells were rinsed twice with
DMEM and incubated at 32Â°Cfor 24 h in DMEM containing 1%
plasma-derived serum. The cells were washed quickly at 32Â°Conce with

20 mM 4-(2-hydroxyethyl)-l-piperazineethanesulfonic acid at pH 7.4

containing 130 mM NaCl, 5 mM KC1, 1 mM MgCl2, 1.5 mM CaCl2, 10
mM glucose, and 0.1 % bovine serum albumin, incubated at 32Â°Cfor 20

min in 0.9 ml of the same solution in the presence of 10 mM LiCl, and
then stimulated at 32Â°Cwith 0.1 ml of various concentrations of calf

serum or other extracellular signals. The reaction was stopped by the
addition of 1 ml of ice-cold 30% trichloroacetic acid. Inositol phos
phates were extracted and separated by batch chromatography on
Dowex AG 1-X8 formate form resins as described by Berridge et al.
(13).

NRK cells were subcultured and labeled with [3H]inositol under the
same conditions as tsK-NRK cells except that the temperature was
37'C instead of 32Â°C.NIH 3T3 cells were subcultured into 35-mm
dishes and labeled with [3H]inositol as described previously (14). Swiss
3T3 cells were subcultured into 35-mm dishes (6.3 x IO3 cells/cm2),

refed with the growing medium after 2 days, and used at least 5 days
after the last change of medium. The Swiss 3T3 cells were labeled at
37Â°Cfor 40 h with [3H]inositol (20 /Â¿Ci/ml)in inositol-free DMEM

containing 0.1 % bovine serum albumin. NRK cells, NIH 3T3 cells, and
Swiss 3T3 cells, prelabeled with [3H]inositol, were washed and used for
the assay under the same conditions as the tsK-NRK cells except that
they were stimulated at 37Â°C.

Determinations. Protein was determined by the method of Lowry et
al. (15) with bovine serum albumin as a standard protein. Radioactivity
of 'I I labeled samples was determined using a Beckman liquid scintil

lation system, Model LS3801.

RESULTS

Induction of the Phospholipase ('-mediated Hydrolysis of

Phosphoinositides by Calf Serum in tsK-NRK Cells. The incu
bation of tsK-NRK cells with various doses of calf serum
induced the dose-dependent formation of IPi, IP2, and IP3 as
shown in Fig. 1. The doses necessary for the formation of the
three inositol phosphates were nearly the same. Fig. 2 shows

"0 10 20

CALF SERUM (Ã•)

20

Fig. 1. Dose-dependent effect of calf serum on the formation of inositol
phosphates. The tsK-NRK cells were stimulated with various doses of calf serum
for 12 min. A, IP,; B, IP2; C, IP,. Results are expressed as means Â±SE of three
independent experiments.

TIME (h)

Fig. 2. Time courses of the calf serum-induced formation of inositol phos
phates. The tsK-NRK cells were stimulated with 10% calf serum for various
periods of time. A, IP,; B, IP2; C, IP3. Results are expressed as means Â±SE of
three independent experiments.

the time courses of the formation of IPi, IP2, and IP3. The IP3
and IP produced soon reached plateaus and then declined. The
decline of the accumulation of these inositol phosphates might
be due to the conversion of IP3 to IP2 and/or inositol tetra-
phosphate and of IP2 to IPi as described in other cell types (for
a review, see Reference 16). In the case of IPi, this inositol
phosphate was accumulated linearly due to the presence of
LiCl, the inhibitor of the IPi phosphatase (17). These results
indicate that calf serum induces the phospholipase C-mediated
hydrolysis of phosphatidylinositol 4,5-bisphosphate, phospha-
tidylinositol 4-monophosphate, and phosphatidylinositol in
tsK-NRK cells.

Inability of Well-Known Growth Factors to Induce the Phos
pholipase C Reactions in tsK-NRK Cells. In order to identify
the active factor(s) in calf serum which induces phospholipase
C-mediated hydrolysis of phosphoinositides, it was examined
in the next set of experiments whether various growth factors
known to induce the phospholipase C reactions in other cell
types could induce the same reactions in tsK-NRK cells. As
shown in Table 1, none of PDGF, FGF, EGF, thrombin,
vasopressin, bombesin, cholecystokinin, and PGF2â€žinduced the
formation of IPi, IP2, and IP3 under the same conditions where
calf serum markedly produced these inositol phosphates. This
result indicates that the active factor(s) in calf serum inducing
the phospholipase C reactions is not any of these well-known
growth factors.

Moreover, none of noradrenaline, histamine, dopamine, an-
giotensin II, carbachol, and tumor growth factor-/? induced the
formation of IPi, IP2, and IP3 as shown in Table 2.

Induction of the Phospholipase C Reactions by Serotonin. In
contrast to the extracellular signals described above, serotonin
induced the formation of IPi, IP2, and IP3 in dose- and time-
dependent manners as shown in Figs. 3 and 4. The maximal
levels of the respective inositol phosphates induced by serotonin
were nearly the same as those induced by calf serum. It has
been shown that human serum contains serotonin in an amount
of 0.2-2.6 MM(18-20). In confirmation with these earlier ob
servations, the calf serum used in the present studies contained
serotonin and the amount was 1.34 ^M as shown in Table 3.
This amount of serotonin explained the 50% activity in calf
serum to induce the formation of IPi, IP2, and IP3. When calf
serum was dialyzed overnight at 4Â°C,serotonin was removed

almost completely as shown in Table 3. This dialyzed serum
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Table 1 Inability of various growth factors to induce Ihe formation
of inositol phosphates

The tsK-NRK cells were stimulated for 12 rain with 10% calf serum, 5.5 ng/
ml of PDGF, 10 ng/ml of FGF, 20 ng/ml of EGF, 10 NIH units/ml of thrombin,
1 DMvasopressin, 1 MMbombesin, 0.1 MMcholecystokinin, or l MMPGF2â€ž.The
concentration used here is usually sufficient to induce phospholipase C reactions
in other cell types. Each value is the mean of duplicate determinations.

AdditionNoneCalf

serumPDGFFGFEGFThrombinVasopressinBombesinCholecystokininPGF2oIP!342002824323631272934IO2

xcpmIP21026081161361287IP382978696768

Table 2 Inability of various signals to induce the formation of inositol phosphates
The tsK-NRK cells were stimulated for 12 min with 10% calf serum, 10 MM

noradrenaline, 10 MM1)isiam ine. 10 MMdopamine, 10 MMangiotensin II, 1 MM
carbachol, or 0.4 nM tumor growth factor-0. The concentration used here is
usually sufficient to induce the phospholipase C reactions in other cell types.
Each value is the mean of duplicate determinations.

IO1x cpm

AdditionNoneCalf

serumNoradrenalineHistamineDopamineAngiotensin

IICarbacholTumor

growth factor-/3IP.34200363237293728IP21023011131091214IPsg30898888

SEROTONIN-log(M)

Fig. 3. Dose-dependent effect of serotonin on the formation of inositol phos
phates. The tsK-NRK cells were stimulated with various doses of serotonin for
12 min. A, IP,; B, IP2; C, IP,. Results are expressed as means Â±SE of three
independent experiments.

induced the formation of IPi, IP2, and IP3 only to a small extent
as shown in Table 4.

Ketanserin and methysergide are known to be antagonists for
serotonin receptors (22). These antagonists inhibited the sero
tonin-induced formation of inositol phosphates as shown in
Table 5. Moreover, the calf serum-induced formation of IPi,
IP2, and IPi were inhibited to 10-20% of the original level by
ketanserin and methysergide as shown in Fig. 5.

Inhibition by Pertussis Toxin of the Phospholipase C Reac
tions Induced by Calf Serum and Serotonin. It has been shown
that the agonist-induced phospholipase C reactions are inhib-

2 0

TIME (h)

Fig. 4. Time courses of the serotonin-induced formation of inositol phos
phates. The tsK-NRK cells were stimulated with 10 MMserotonin for various
periods of time. A, IP,; B, IP2; C, IP3. Results are expressed as means Â±SE of
three independent experiments.

Table 3 Content of serotonin in serum
The content of serotonin in serum was measured by the modified method of

Kissinger et al. (21), using high performance liquid chromatography with an
electrochemical detector (Inertsil DOS, Gasukuro Kogyo Inc., Tokyo, Japan).
Results are expressed as means of triplicate determinations.

SerumCalf

serum

Fetal calfserumDialyzed

calf serum
Dialyzed fetal calf serumLot

number1

2
1
2
2
1MM1.20

1.34
7.00
7.43
NDÂ°
NDÂ°

Â°ND, not detectable.

Table 4 Inability ofdialyzed serum to induce the formation
of inositol phosphates

The tsK-NRK cells were stimulated for 12 min with 10% calf serum, or its
dialyzed version. Each value is the mean of duplicate determinations.

AdditionNone

Calf serum
Dialyzed calf serumIP,34

20048IO2

xcpmIP210

23028IP38 30
16

Table 5 Inhibition of serotonin-induced formation of inositol phosphates by
ketanserin and methysergide

The tsK-NRK cells were preincubated with 10 MM ketanserin or 10 MM
methysergide for 5 min and then stimulated with 10 MMserotonin for 12 min.
Each value is the mean of duplicate determinations.

AdditionNoneSerotoninSerotonin

+ketanserinSerotonin
+methysergideKetanserinMethysergideIP,3416040473540IO2

xcpmIP21017013201013IPj823101178

ited by pretreatment of the cells with pertussis toxin in several
receptor systems (for a review, see Reference 23). Incubation
with pertussis toxin of the membranes prepared from the tsK-
NRK cells caused the ADP-ribosylation of a protein with a Mr
of about 40,000 as shown in Fig. 6. However, when the mem
branes prepared from the cells preincubated with pertussis toxin
were incubated again with the toxin, the ADP-ribosylation of
the protein with a molecular weight of 40,000 was not observed.
Indicating that the toxin ADP-ribosylated this protein in the
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765

ANTAGONIST -log(M)

Fig. 5. Dose-dependent inhibition of the calf serum-induced formation of
inositol phosphates by ketanserin and methysergide. The tsK-NRK cells were
preincubated with various doses of ketanserin or methysergide for S min and then
stimulated with 10% calf serum for 12 min. A, IP,; B, IP2; C, IP3. â€¢¿�,with
ketanserin; O, with methysergide. Results are expressed as means Â±SE of three
independent experiments.

Mr

Â¡ÃœK-

39 K-

1 ÃŽ 3 4
Fig. 6. ADP-ribosylation of membrane proteins. The tsK-NRK cells were

preincubated for 4 h at 32CCwith either 1 Â¿ig/mlof pertussis toxin or its vehicle

and the proteins were extracted from the membranes as described (14). The
extracted proteins were then ADP-ribosylated by pertussis toxin with [32P]NAD
under the same conditions as described (14). The ADP-ribosylated proteins were
subjected to sodium dodecyl sulfate-polyacrylamide slab gel electrophoresis and
autoradiography was performed. In another experiment, 20 fmol of rat brain GÂ¡
or GÂ«was ADP-ribosylated by pertussis toxin with [32P]NAD under the same

conditions. Lane /, rat brain <;,: Lane 2, the membrane proteins extracted from
the control cells; Lane 3, rat brain Ci,,:Lane 4, the membrane proteins extracted
from the cells pretreated with pertussis toxin. Results shown is typical of threeindependent experiments. A', kilodalton.

Table 6 Dose-dependent inhibition by pertussis toxin of the calf serum- and
serotonin-induced formation of inositol phosphates

The tsK-NRK cells were pretreated with various doses of pertussis toxin for 4
h and then stimulated with 10% calf serum or 10 ^M serotonin for 12 min. Each
value is the mean of triplicate determinations.

AdditionNoneCalf

serumSerotoninPretreatment

with pertussis
toxin(ng/ml)0100001010010000325100IP,342120013061581601409090IO2

xcpmIP210523017064651701309097IPs843023161723191515

intact cells. Under these conditions, the phospholipase C reac
tions induced by calf serum and serotonin were inhibited by
pertussis toxin as shown in Table 6.

Inhibition by TPA of the Phospholipase C Reactions Induced
by Calf Serum and Serotonin. It has been shown that the agonist-
induced phospholipase C reactions are inhibited by pretreat
ment of the cells with protein kinase C-activating TPA in
several receptor systems (24-27). Similarly, the phospholipase
C reactions induced by calf serum and serotonin were inhibited
by pretreatment of the tsK-NRK cells with TPA as shown in
Table 7.

Cell Type Specificity for Serotonin Action. Serotonin induced
the formation of IPi, IP2, and IP3 not only in tsK-NRK cells
but also in NRK cells as shown in Table 8. However, serotonin
did not induce the phospholipase C reactions in NIH 3T3 cells
or Swiss 3T3 cells under the conditions where calf serum
induced the formation of IPi, IP2, and IP3 in these cell types.

DISCUSSION

We have first confirmed the earlier observation that calf
serum induces the phospholipase C-mediated hydrolysis of
phosphoinositides in tsK-NRK cells and NRK cells (7). Al
though the serum factor(s) inducing the phospholipase C reac
tions has not been identified in this cell line, we have presented
in this paper several lines of evidence that serotonin is one of
the major serum factors. Many growth factors and other extra
cellular signals including PDGF, FGF, EGF, thrombin, vaso-
pressin, bombesin, cholecystokinin, PGF2â€ž,noradrenaline, his-
tamine, dopamine, angiotensin II, and carbachol are known to
induce phospholipase C reactions in other cell types (1,13, 28-
31), but none of them induce the same reactions in tsK-NRK
cells. Only serotonin, among the extracellular signals thus far
examined, induces phospholipase C reactions. Moreover, the
serum-induced phospholipase C reactions are inhibited to 10-
20% of the original level by ketanserin and methysergide known

Table 7 Dose-dependent inhibition by TPA of the calf serum- and serotonin-
induced formation of inositol phosphates

The tsK-NRK cells were pretreated with various doses of TPA for 20 min and
then stimulated with 10% calf serum or 10 /Â¿Mserotonin for 12 min. Each value
is the mean of triplicate determinations.

AdditionNoneCalf

serumSerotoninPretreatment

with TPA(nin)0SO0S2550052550IP,3435200795354160584443IO2

xcpmIP2109230603129170322824IPS86301210102311109

Table 8 Effect of serotonin on the formation of inositol phosphates in different
cell types

NRK, NIH 3T3, and Swiss 3T3 cells were stimulated with 10 nM serotonin or
10% calf serum for 12 min. Each value is the mean of duplicate determinations.

CellNRK

cellsNIH

3T3cellsSwiss

3T3 cellsAdditionNoneSerotoninCalf

serumNoneSerotoninCalf

serumNoneSerotoninCalf

serumIP,16949457622703141230IO2

XcpmIP211941001111557917IPs1017206615569
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to be the antagonists for the serotonin receptors (22). Calf
serum and fetal calf serum indeed contain serotonin and the
amount of serotonin contained in the calf serum is sufficient to
support 50% of the activity promoted by the serum itself. When
serum is dialyzed, serotonin is almost completely removed and
the serum-induced phospholipase C reactions are markedly
reduced. We have concluded from these results that serotonin
is one of the major serum factors inducing the phospholipase
C reactions in tsK-NRK cells. Ketanserin is known to be the
antagonist for the adrenaline (aÂ¡action) and histamine recep
tors as well as for the serotonin receptors (22). However, since
neither adrenaline nor histamine induces the phospholipase C
reactions in tsK-NRK cells, it is unlikely that the serum-induced
phospholipase C reactions are mediated through the adrenaline
or histamine receptors. It is not known whether the failure of
many extracellular signals described above to induce phospho
lipase C reactions is merely due to the absence of their receptors
in this cell line.

We have also shown in this paper that both of the serum-
and serotonin-induced phospholipase C reactions are inhibited
by pretreatment of the tsK-NRK cells with pertussis toxin or
TPA. These results have provided additional evidence that
serotonin is one of the serum factors inducing phospholipase C
reactions. Moreover, these results suggest that a pertussis toxin-
sensitive GTP-binding protein is involved in the coupling of
serotonin receptor and phospholipase C reactions and that this
coupling is sensitive to the feedback inhibition by protein kinase
C as described for several other types of receptors in other cell
lines (14, 24-27). The inhibitory effect is 50-90% for pertussis
toxin and 90% for TPA (Tables 6 and 7). These results are
consistent with the previous reports (14, 23-27). Although
exact reasons for these incomplete inhibitions are unknown,
higher concentrations of these agents do not inhibit the reac
tions any further (data not shown).

Serotonin has been shown to induce the phospholipase C-
mediated hydrolysis of phosphoinositides in other cell types,
such as vascular smooth muscle cells (32, 33), platelets (34),
and cerebral cortex (35). This agent is also known to induce the
adenylate cyclase-mediated formation of cyclic AMP in rat
hippocampal membranes (36). It is generally accepted that there
are at least two types of serotonin receptors, designated as
serotonin-Si and -82, which are linked to the adenylate cyclase
and phospholipase C, respectively (32-34, 36). Ketanserin is
known to block the S2receptor while methysergide inhibits both
types of the receptors (22). Serotonin is one of the well-known
vasoconstrictors (32, 37). This agent has also been shown to
induce various cell functions, such as prostacyclin synthesis
(38), DNA synthesis in vascular smooth muscle cells (39),
enhancement of cell division of fibroblasts (40), and morpho
logical change and aggregation of platelets (41, 42), although
evidence is not available whether these cell functions are me
diated through the serotonin-induced phospholipase C reac
tions.

It is conceivable that the serotonin-induced phospholipase C
reactions are also linked to the activation of protein kinase C
and the intracellular Ca2+mobilization in tsK-NRK cells and

NRK cells, and that both intracellular messenger systems are
involved in the regulation of various functions in these cell
lines. However, the functions of serotonin as well as those of
protein kinase C and Ca2+are unknown in NRK cells except
one possible function described above that protein kinase C
servesas a feedback inhibitor for the phospholipase C reactions.
We are currently investigating other functions of protein kinase
C and those of Ca2+in tsK-NRK and NRK cells.

In tsK-NRK cells or the NRK cells transformed with Kirsten
murine sarcoma virus, only serum has been used to induce the
phospholipase C reactions and it has been shown that the
serum-induced phospholipase C reactions are enhanced in the
ros-transformed cells than in the nontransformed control cells
(8). The present paper has shown that serotonin is a potent
inducer of phospholipase C reactions in these cell lines. How
ever, this effect of serotonin is not ras specific, since serotonin
is a major stimulant of phosphoinositide hydrolysis also in
parental NRK cells. Now it has become possible to investigate
the mode of action of ras p21 in phospholipase C reactions
using serotonin as a stimulator in these cell lines.
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