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Norepinephrine at 5 ,uM induces a rapid (60 s) and specific loss of phosphatidylinositol (PtdIns) when 
added to isolated rat liver plasma membranes. The hormone action is inhibited by the cu-adrenergic 
antagonist phentolamine (20pM). Depletion of Mg2+ and Ca2’ singly or in combination from the 
incubation buffer mimicks the hormone effect on PtdIns breakdown. No further effect on PtdIns 
degradation could be measured when norepinephrine was added to the cation-depleted buffers. Addition 
of the Ca2’ ionophore A23187 to the isolated membranes has no effect. It is concluded that PtdIns 
degradation can be provoked in isolated rat liver plasma membrane through a-adrenergic receptor 
activation and that this effect is dependent on divalent cations in the sense that loss of cations from the 

membrane allows degradation to commence. 

Noradrenaline Phosphatidylinositol Ca2’ lugz+ 
Isolated plasma membranes 

1. INTRODUCTION 

Many hormones exert their effects on cellular 
metabolism through mobilization of Ca2+ [l]. 
These same hormones almost invariably cause 
changes in phosphoinositide metabolism [2]. 
Numerous studies with intact cells have attempted 
to demonstrate that hormone-promoted changes in 
phosphatidylinositol (PtdIns) turnover were either 
all causes or all effects of Ca2+ mobilization. A 
consideration of the effects of Ca2+ on PtdIns syn- 
thesis has led to the description of primary vs 
secondary changes in PtdIns metabolism [3]. 

Secondary changes are considered those which are 
clearly affected by changes in cytosolic [Ca2’], 
while primary changes are those promoted by hor- 
mone and independent of transmembrane Ca2+ 
flux. From dose-response studies using 
hepatocytes, it was argued [4] that PtdIns degrada- 
tion is closely linked to hormone-receptor occupa- 
tion (i.e., a primary response). In [5] a loss of 
[3H]PtdIns was reported specifically from the 
plasma membranes of hepatocytes which were 
treated with vasopressin. 
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In [6], vasopressin and epinephrine induced a 
specific loss of PtdIns from isolated membranes; 
the vasopressin response was seen in the presence 
of deoxycholate [a], but subsequently the deox- 
ycholate requirement was not found [7]. 
Norepinephrine (NE) could initiate loss of PtdIns 
from plasma membranes in the presence but not 
absence of cytosol [g]. NE worked through a- 
adrenergic receptors. These reports favor the 
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hypothesis that PtdIns degradation in membranes 
is linked closely to hormone-receptor occupancy. 
In [91, NE working through cu-adrenergic receptors 
was found to cause a change in membrane fluidity 
in isolated liver plasma membranes incubated only 
in the presence of 5 mM Mg2+ and traces of Ca2+. 
If plasma membranes were incubated with 4sCa2+ 
the radioactive cation bound to the membrane and 
subsequently could be released by treatment with 
NE or an~otensin IL Thus, the membrane 
preparations in [9] must have preserved the func- 
tional coupling between hormones, receptors, and 
whatever else constitutes the transmembrane signal 
for cur-adrenergic hormones. It was important then 
to examine the relationship of Ptdlns to these hor- 
mone actions. We demonstrate here, that, in iden- 
tical membrane preparations, 5 PM NE induced a 
specific loss of PtdIns in a Ca*‘- and 
Mgzf-dependent way. 

2. METHODS AND MATBRIALS 

Plasma membranes were prepared by the 
method in [lo] as described 19). The preparation 
involves Dounce homogenization of rat liver in 
hypotonic media and isolation of plasma mem- 
branes on a discontinuous sucrose gradient. The 
incubation buffer, unless otherwise stated, con- 
tained 50 mM Tris (pH 7.4), 0.1 mM EGTA, 
5 mM MgClz and 5 pM 1-propranolol. The mem- 
branes were resuspended to 1.5-3.0 mg pro- 
tein/ml. All experiments used freshly prepared 
membranes. 

Incubation of plasma membranes was initiated 
by addition of 0.5 ml above suspension to 0.5 ml 
buffer. The samples were shaken for 10 min at 
37°C at which time hormone, ionophore, excess 
EGTA, or a combination of these were added and 
the incubations continued for 1 min. When pre- 
sent, 20 ,uM phentohunine was included 
throughout the entire 11 min incubation, and for 
some experiments MgCl2 was not present. 

Reactions were stopped by the addition of 
3.75 ml CHC4 : MeOH (1: 2, v/v) with 1% HCl. 
CHCl3 (1.25 ml) was added followed by 1.25 ml 
H20. Extractions were performed overnight at 
4°C. After centrifugation of the samples, the up- 
per aqueous and interface were removed by aspira- 
tion and the entire organic phase dried under a 

240 

vacuum. Phospholipids were resuspended in 
CHC13 for chromatography. 

The chromatography of phospholipids was per- 
formed on commercial silica gel plates which were 
first soaked at least 2 h in HzG to remove ex- 
traneous phosphorus and then dried and reac- 
tivated by heating at -100°C. The solvent system 
was as in [ 11) containing CHCl3 : MeOH : methyl- 
amine (94.5 : 45 : 15). Chromatography plates were 
run in this solvent for 1 h, about -17 cm. This 
chromatography system allowed excellent separa- 
tion of phosphatidylinositol, phosphatidylcholine, 
and phosphatidylethanolamine from other lipids. 
Phosphatidylserine was not resolved from phos- 
phatidic acid. Pol~hosphoinositides could not be 
identified (or P content assayed) from samples 
containing up to 1.5 mg plasma membrane pro- 
tein/ml. Phospholipids were visualized under 
white and/or UV light after 12 vapour staining. 
Lipid phosphorus was then determined on silica gel 
scrapings as in 1121. 5 ’ -Nucleotidase was assayed 
as in 1131; glucose fi-phosphatase measured as in 
1141; choIestero1 extracted as in 1151 and then 
assayed as in [16]. 

NE was purchased from Sigma (St Louis MO) as 
was 1-propranolol. Phentolamine (regitine) was 
secured through Ciba-Geigy (Basel). A23187 was 
bought from Boehringer (Mannheim). Thin-layer 
silica gel chromatography plates containing 
luminescer came from Schleicher and Schull 
(Dassel). All other chemicals (e.g., CHCl3) were 
reagent grade. 

3. RESULTS 

The plasma membranes prepared for this study 
were enriched 13-fold over the original 
homogenate for the plasma membrane marker en- 
zyme, 5 ‘nucleotidase. In contrast, no enrichment 
was found for the endoplasmic reticulum marker 
enzyme, glucose 6-phosphatase. Since cholesterol 
is primarily localized in the plasma membrane, we 
measured the cholesterol : phospholipid ratio as an 
index of purity for plasma membrane preparation. 
A value of 0.66 f 0.02 (mean + SEM of 9 prepara- 
tions) was obtained. Thus, considering this ratio 
and the 5 ’ nucleotidase enrichment, these plasma 
membrane preparations were contaminated to 
-8Q70 with a combination of other subcellular 
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Table 1 

Norepinephrine-induced loss of PtdIns from isolated rat liver plasma membranes 

Phospholipid A% Change from control 

+ Mg2+ - Mg=+ 

+NE NE+ +NE 
phentolamine 

Phosphatidylcholine +0.6 f 2.3 +0.6 f 3.0 +0.8 zt 1.3 
Phosphatidylethanolamine -0.9 f 3.4 -4.2 f 3.3 -1.3 f 1.5 
Phosphatidylinositol -7.7 f 3/la -1.1 + 2.7 +3.5 f 3.7 

* Different from control at p 6 0.05 

Rat liver plasma membranes (-1 mg protein/ml) were incubated in 1 ml aliquots in 
50 mM Tris (pH 7.4), 0.1 mM EGTA, 5 mM MgCl2 and 5 PM 1-propranolol at 37°C 
for 10 min; 5 PM (-)norepinephrine was added and incubation continued for 1 min. 
When added, phentolamine (2OpM) was present throughout the entire incubation. 
Results are the average % change from control values k SEM based on 11-12 

determinations 
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phospholipids and enzymes. 
The mol% distribution of phospholipid phos- 

phorus in these membranes (average control values 
for 27 determinations + SEM) was phosphatidyl- 
choline 40.8 + 0.7, phosphatidylethanolamine 
26.4 f 0.6, phosphatidylinositol7.9 f 0.2, and all 
others, including phosphatidylserine, sphingo- 
myelin, and phosphatidic acid 24.9. 

Incubation of plasma membranes with 5 /IM NE 
for 1 min at 37°C caused a specific loss of PtdIns 
(table 1). All incubations included ( - )propranolol 
to block any fl-adrenergic effects of NE. No 
phospholipid except PtdIns was apparently af- 
fected. NE induced about a 7-8% loss of PtdIns, 
representing about 0.7% of the total membrane 
phospholipid. The effect of 5 pM NE was blocked 
by 20 pM phentolamine (table 1) showing that the 
hormone was probably working through cy- 
adrenergic receptors. 

When added to hepatocytes, the Ca’+ ionophore 
A23187 can promote activation of glycogen 
phosphorylase by causing redistribution of Ca’+. 
Just as with vasopressin [18], the ionophore can 
transiently activate phosphorylase in the absence 
of extracellular Ca2+ (unpublished). Thus, A23 187 
can probably mobilize Ca2+ bound to the plasma 
membrane. A23187 at 10 pM caused no changes in 
any of the membrane phospholipids during the 

standard 1 min incubations (not shown). 
Depletion of MgClz from the incubation buffer 

(remaining contaminating Mg2+ = 2.5 /IM) 
resulted in a specific loss of PtdIns (table 2). These 

Table 2 

Effect of MgClz and Ca2+ depletion on liver 
membrane-PtdIns 

Phospholipid A% Change 

Due to Due to 
omission removal 
of Mg2+ of Ca2+ 

Phosphatidyl- 
choline -0.8 f 1.6 -0.2 f 1.0 

Phosphatidyl- 
ethanolamine -2.0 f 2.1 -2.4 f 1.3 

Phosphatidyl- 
inositol - 11.0 2 4.0” - 8.5 + 2.8” 

a Significantly different at p 6 0.01 

Rat liver plasma membranes were incubated for 11 min 
with or without 5 mM MgCl2 in the standard buffer, or 
in this buffer with MgCl2 for 10 min. at which time 
2 mM EGTA was added (reducing free [Ca2’] to 
~0.5 nM) and incubation continued for 1 min. Results 
are the average 070 change from controls (+ Mg2+) f 

SEM for 1 l-17 determinations 
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results led us to investigate whether reducing free 
Ca2+ in the incubation buffer could also affect 
PtdIns. The free Ca2+ in the normal buffer con- 
taining 0.1 mM EGTA is estimated to be -10 nM 
[9]. Raising the EGTA content to 2.1 mM reduces 
free Ca” to <0.5 nM, and more of the Ca” 
bound originally to the plasma membrane may be 
stripped away. Increasing [EGTA] from 
0.1-2.1 mM during the last minute of incubation 
provoked a specific loss of PtdIns (table 2). If 
MgClz was absent, raising the EGTA concentra- 
tion had no further effect on PtdIns than did sim- 
ple MgClz depletion alone (not shown). Further, 
5 /IM NE had no effect in the absence of MgCl2 
(table l), suggesting that hormone addition or 
divalent cations depletion promoted loss of PtdIns 
through some common mechanisms. 

4. DISCUSSION 

The present study indicates that a hormone- 
-induced loss of PtdIns occurs in isolated rat liver 
plasma membranes. This is in accord with the 
hypothesis that PtdIns degradation is a primary 
event closely linked to hormone binding to recep- 
tor. No study with isolated plasma membranes has 
characterized the products of PtdIns degradation, 
however, so it is premature to say that it occurs 
through action of phospholipase C as is generally 
thought. Blocking of NE action by phentolamine, 
but not propranolol, demonstrates cu-adrenergic 
specificity in accord with the results in [8] and with 
the studies on intact hepatocytes [ 171. 

The relationship of PtdIns loss to Ca2+ mobili- 
zation in intact hepatocytes is not understood. The 
present data demonstrate a loss of PtdIns which is 
induced by lowering free Ca2+ (or Mg’+) while 
probably removing Ca” from the plasma mem- 
brane. This is quite different from any hypothesis 
which suggests that raising cytosolic Ca2+ levels in- 
duces PtdIns turnover by stimulating 
phospholipase C. Rather, it may be the hormone- 
induced loss of Ca2+ from the membrane [9] which 
allows degradation to proceed. 

From these data, it can be calculated that 
hormone-stimulated PtdIns degradation must have 
occurred at >l nmol.min-‘.mg protein-‘. 
Estimates of the number of plasma membrane 
cui-adrenergic receptors are on the order of 
1 pmol/mg protein [ 191. Thus, many moles of 
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PtdIns are lost per bound mole of NE. This rules 
out any hypothesis that the degradation of PtdIns 
is restricted to a few phospholipid molecules in- 
timately associated with the receptor. Once NE is 
bound a general stimulation of PtdIns degradation 
occurs. This finding is in accord with [8], but no 
added cytosol was necessary to demonstrate NE ef- 
fects on PtdIns. We do not know the reason for 
this difference. Our plasma membranes may be 
sufficiently contaminated with cytosol to allow the 
phenomena to occur. On the other hand, our 
preparations may be preserving a ‘normal’ associa- 
tion between hormone-receptors and lipases which 
act on plasma membrane phospholipids. At any 
rate, lipases whose substrates are the 
phospholipids must of necessity have affinity for 
the plasma membrane and so their designation as 
‘membrane-bound’ or ‘cytosolic’ is partly seman- 
tic. That is, whether or not a phospholipase is an 
integral membrane protein, it must somehow be 
bound to the membrane to act. Both studies sug- 
gest that many moles of PtdIns throughout the 
membrane are exposed to degradative enzymes per 
mole of receptor occupied. 

It has been proposed that PtdIns degradation 
closes Ca2+ gates [20] or that the stimulation of 
PtdIns breakdown leads to phosphatidic acid for- 
mation which in turn acts as a natural ionophore 
to gate in Ca2’ [21]. Neither proposition is exclud- 
ed by these data. 

The losses of PtdIns seen here could not be due 
to hormone stimulation of the phosphorylation of 
PtdIns to form phosphatidylinositol-4phosphate 
and/or phosphatidyl-4,5bis-phosphate as sug- 
gested [22], since there was no ATP present to sup- 
port their synthesis. 

Thus, we have found that PtdIns degradation is 
stimulated when NE is added to hepatic plasma 
membranes and that this effect is mimicked by 
Mg2+ and/or Ca2+ depletion. Much more study is 
needed, however, to elucidate the role of PtdIns 
degradation in overall metabolic regulation. The 
isolated plasma membrane system will constitute a 
powerful tool to investigate cui-adrenergic action 
and its interaction with other hormones because at 
least 3 functions can now be stimulated by addition 
of Ca2+-mobilizing hormones to isolated rat liver 
plasma membranes (i.e., Ca2+ release [9]), in- 
creases in membrane fluidity [9] and PtdIns 
degradation ([6-81; these results). 
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