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Spermine promotes the translocation of phosphatidate
phosphohydrolase from the cytosol to the microsomal
fraction of rat liver and it enhances the effects of oleate in
this respect
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Spermine (0.5-2 mM) promoted the translocation of phosphatidate phosphohydrolase from the soluble to
the microsomal fraction in a cell-free system derived from rat liver. By contrast, spermidine (1 mM) and
putrescine (I mM) had no significant effect on the transiocation when added alone. Spermine, and to a
lesser extent, spermidine, enhanced the translocating action of oleate and increased its effectiveness in trans-
ferring the phosphohydrolase from the soluble ot the microsomal fraction. It is proposed that the phosp-
hohydrolase becomes metabolically active when it combines with membranes and that polyamines might
help to regulate this interaction. This could facilitate the action of fatty acids and enable cells to increase
their capacity for triacylglycerol synthesis to match an increased availability of fatty acids.
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1. INTRODUCTION

Phosphatidate phosphohydrolase is thought to
be important in regulating triacylglycerol synthesis
in the liver, particularly in metabolic stress [1]. In-
creases in the enzyme activity appear to parallel the
increased triacylglycerol synthesis seen when the
liver is confronted with a high fatty acid supply
[2,3].

A reserve capacity of the phosphohydrolase ap-
pears to reside in the cytosolic form of the enzyme
that can be activated by translocation onto the
membranes that synthesize triacylglycerols. This
translocation takes place progressively when
hepatocytes are exposed to increasing concentra-
tions of oleate [3].

* Permanent address: Instituto de Bioquimica, Facultad
de Farmacia, Universidad Complutense de Madrid,
Madrid-3, Spain

* To whom correspondence should be addressed

Polyamine

Translocation Triacylglycerol synthesis

Recently we were able to demonstrate that long-
chain fatty acids and their acyl-CoA esters pro-
mote the translocation of phosphatidate phospho-
hydrolase from the soluble to the microsomal frac-
tion in cell-free preparations of rat liver [4]. This
provides a model system with which to investigate
the action of other compounds that might affect
the translocation. It seemed likely that polyamines
might be involved since spermine and spermidine
are known to stimulate triacylglycerol synthesis in
adipose tissue [5] and liver [6]. These compounds
stimulate the activity of glycerol phosphate acyl-
transferase [5—7] and diacylglycerol acyltransfer-
ase [5] and they inhibit acyl-CoA hydrolase [S].
They are known to bind to cell membranes [6] and
they interact with acyl-CoA esters. It therefore
seemed likely that they might modify the transloca-
tion of phosphatidate phosphohydrolase that is in-
duced by fatty acids and acyl-CoA esters. Here, we
have shown that spermine promotes the transloca-
tion of phosphatidate phosphohydrolase from the
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soluble to the microsomal fraction when added have been described [4,8,9]. Spermine, spermidine
alone, and that it facilitates the oleate-induced and putrescine were purchased from the Sigma

translocation. (London) Chemical Co. (Poole, Dorset).
The 180000 x g-min (18000 X g for 10 min)
supernatant from rat liver was prepared and in-
2. MATERIALS AND METHODS cubated at 37°C for 10 min with various combina-
The sources of the rats and most of the materials tions of oleate and polyamines. The supernatant
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Fig.1. The effects of spermine on the specific activity of phosphatidate phosphohydrolase in the microsomal and soluble

fraction of rat liver. The 180000 X g-min supernatant of rat liver was incubated for 10 min at 37°C with spermine in

the absence (a) or presence (b) of 500 M oleate, as indicated. It was then separated into a microsomal (4, 4), and
a soluble fraction (O, @) by centrifugation (see section 2).
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was then cooled to 4°C and the microsomal and
soluble fractions were separated by centrifugation
at 90000 X g (rav = 6.3 cm) for 90 min [4]. Protein
concentrations and the activity of phosphatidate
phosphohydrolase were determined as in [4].

3. RESULTS AND DISCUSSION

The addition of spermine to the 180000 X g-min
supernatant caused the translocation of
phosphatidate phosphohydrolase from the soluble
to the microsomal fraction in the presence or
absence of oleate (table 1; fig.1). It also increased
the action of oleate in promoting the translocation
(table 1) such that lower concentrations of oleate
were able to translocate the phosphohydrolase to
the membranes (fig.2). Spermidine had no signifi-
cant effect on the translocation when added alone,
but in two independent experiments it produced an
additional translocation above that obtained with
oleate (table 1). Putrescine had no significant ef-
fect either alone, or in combination with oleate
(table 1).
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Spermine might have caused an apparent
translocation by inhibiting the cytosolic
phosphatidate phosphohydrolase while stimulating
that in the microsomal fraction. This was checked
using fractions that had been separated prior to in-
cubation with 0.5-2.0 mM spermine. The
cytosolic phosphohydrolase was inhibited by
17-39% and the microsomal activity was inhibited
by 50-75%. This loss of activity is also seen in
table 1 when the fractions were separated after in-
cubation with spermine.

An alternative explanation for the apparent
translocation could be that spermine promoted the
aggregation of the soluble phosphohydrolase. To
investigate this, the 180000 X g-min supernatant
was centrifuged twice to remove more than 99% of
the rotenone-insensitive cytochrome ¢ reductase
that was used as a marker for the endoplasmic
reticulum [4]. When 1 mM spermine was in-
cubated with this soluble fraction an average of
11% more of the phosphohydrolase was pelleted
after centrifugation in three independent ex-
periments. However, 32% more of the
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Table 1

Effects of polyamines and oleate on the translocation of phosphatidate
phosphohydrolase between the microsomal membranes and the soluble fraction of
rat liver

Additions Relative distribution of Total activity of
phosphatidate phosphohydrolase phosphohydrolase

activity (%) relative to control

Soluble Microsomal

fraction fraction
None (control) 93 + 3 8+ 3 1(13)
Spermine 67+ 7 33+ 7 0.68 + 0.07 (1)
Spermidine 93+ 0 7+ 0 0.95 + 0.05 (2)
Putrescine 95 + 0.5 5+ 0.5 0980 (2)
Oleate 54 + 12 46 + 12 0.83 + 0.1 (9
Oleate + spermine 23+ 5 77+ 5 0.67 = 0.1 (6)
Oleate + spermidine 33+ 5 67+ 5 0.85 + 0.03 (2)
Oleate + putrescine 54+ 5 46 + 5 0.78 =+ 0.01 (2)

The 180000 X g-min supernatant was incubated for 10 min in the presence of

500 4M oleate or 1 mM polyamine as indicated, and the microsomal and soluble

fractions were then separated by centrifugation (section 2). The relative

phosphohydrolase activities are quoted as means + SD where there are more than

2 independent experiments, or + ranges for 2 independent experiments as indicated

in parentheses. The mean phosphohydrolase activity of the control was 2.09 +
0.43 nmol diacylglycerol formed-min~'-mg protein~!
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Fig.2. Interaction of spermine and oleate in promoting
the translocation of phosphatidate phosphohydrolase
from the soluble to the microsomal fraction of rat liver.
The 180000 x g-min supernatant of rat liver was
incubated for 10 min at 37°C with oleate in the absence
(0, A) or presence (@, A) of 1 mM spermine. It was
then separated into a microsomal (A, A) and a soluble
(0, @) fraction by centrifugation (see section 2).

phosphohydrolase was recovered with the pellet
when the microsomal fraction was recombined
with the soluble fraction. When 1 mM spermine
together with 0.5 mM oleate was added to the
combined soluble and microsomal fractions 63%
more of the phosphohydrolase was recovered in
the pellet and this was decreased to 51% more
when the soluble fraction alone was treated. In
order to determine the nature of this later
phosphohydrolase activity from the soluble frac-
tion, the sample was also centrifuged on a Percoll
gradient. The portion of the phosphohydrolase ac-
tivity that did not coincide with the soluble marker
lactate dehydrogenase, sedimented with a peak
that contained part of the residual rotenone-
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insensitive cytochrome c reductase and 28—40% of
the added oleate (unpublished). We conclude that
spermine facilitates the interaction of the
phosphohydrolase with added oleate, with en-
dogenous lipids, lipophilic proteins and with
microsomal membranes.

At present we are not certain of the exact
mechanism by which spermine stimulates this in-
teraction of phosphatidate phosphohydrolase.
Since it is effective in the absence of added oleate,
it is likely that its interaction with the membranes
of the endoplasmic reticulum facilitates the attach-
ment of the phosphohydrolase. Furthermore, sper-
mine is known to form complexes with acyl-CoA
esters (and probably with fatty acids) and that this
is probably the basis for the stimulation of glycerol
phosphate acyltransferase and diacylglycerol
acyltransferase activities [5—7]. In this respect it is
relevant to note that the stimulation of
triacylglycerol synthesis observed in [5] was greater
with spermine than with spermidine and that
putrescine was ineffective. The same order of
potency was observed in the present experiments
(table 1). Spermine does not appear to stimulate
the total phosphatidate phosphohydrolase activity
(table 1, [5]). However, the translocation of more
of the enzyme onto the membranes together with
increases in the activity of glycerol phosphate and
diacylglycerol acyltransferase could explain the in-
creased flux of precursors into triacylglycerol [5].

The physiological role of polyamines in control-
ling the rate of triacylglycerol synthesis is not
understood, but there are several points at which
regulation could occur. Polyamines can alter the
effects of Ca* in controlling metabolism [10], and
they might modify the stimulation of phospha-
tidate phosphohydrolase and triacylglycerol syn-
thesis that is produced by vasopressin [9]. The syn-
thesis of polyamines is thought to be regulated by
ornithine decarboxylase. This enzyme is induced in
the liver and in hepatoma cells by cyclic AMP and
glucocorticoids and its activity rises in conditions
of metabolic stress including partial hepatectomy
[11,12]. In this respect the control resembles that
of tyrosine aminotransferase and phosphatidate
phosphohydrolase [8,13—15]. Thus the increased
availability of polyamines could augment the ac-
tion of fatty acids in stress conditions in translo-
cating phosphatidate phosphohydrolase to the
membranes of the endoplasmic reticulum, thus ac-

265



Volume 179, number 2

tivating the increased pool of cytosolic enzyme that
is caused by the high concentrations of glucocor-
ticoids and cyclic AMP. This would facilitate the
increase in triacylglycerol synthesis which is seen
after partial hepatectomy as a fatty liver [16].
Paradoxically, polyamines can also inhibit the ef-
fects of cyclic AMP and glucocorticoids in in-
ducing the synthesis of tyrosine aminotransferase
[17] and phosphatidate phosphohydrolase (un-
published). Thus polyamines could reduce the ex-
tent of the increase in the total phosphohydrolase
activity while increasing the proportion of the en-
zyme that is metabolically active.

Further work with polyamines should be
valuable to understand the complex relationship
between the soluble and membrane-bound forms
of phosphatidate phosphohydrolase and its in-
teraction with other enzymes in controlling
triacylglycerol synthesis.
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