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Regulation of the activity of the mitochondrial enzyme phosphatidylserine decarboxylase (PSD) was measured
in vitro by using membrane preparations from wild-type and mutant strains of Saccharomyces cerevisiae. PSD
specffic activity was not affected by carbon source, and on all carbon sources, the highest specific activity was
observed in cells entering the stationary phase of growth. However, PSD activity was found to be regulated in
response to soluble precursors of phospholipid biosynthesis. PSD specific activity was reduced to about 63% of
the level observed in unsupplemented wild-type cells when the cells were grown in the presence of 75 ,uM inositol.
The presence of 1 mM choline alone had no repressing effect, but the presence of 1 mM choline and 75 ,iM inositol
together led to further repression to a level of about 28% of the derepressed activity. Regulatory mutations known
to affect regulation or expression of genes encoding phospholipid-synthesizing enzymes also affected PSD specific
activity. opil mutants, which are constitutive for a number of phospholipid-biosynthetic enzymes, were found to
have high, constitutive levels of PSD. Likewise, in ino2 or ino4 regulatory mutants, PSD activity was found to be
at the fully repressed level regardless of growth condition. Regulation of PSD activity was also affected in several
structural-gene mutants under conditions of impaired phosphatidylcholine biosynthesis. Together, these data
strongly suggest that PSD expression is controlled by the mechanism of general control of phospholipid
biosynthesis that regulates many enzymes of phospholipid biosynthesis.

A number of phospholipid-biosynthetic enzymes of Sac-
charomyces cerevisiae are subject to coordinate regulation.
These enzymes include cytidine diphosphate (CDP)-diacyl-
glycerol synthase (12), phosphatidylserine (PtdSer) synthase
(14, 21), inositol-1-phosphate synthase (11), and the phos-
pholipid N-methyltransferases, which convert phosphatidyl-
ethanolamine (PtdEtn) into phosphatidylcholine (PtdCho) by
three sequential methylations (10, 14, 23, 25, 27). All of these
enzymes exhibit a common pattern of regulation (5, 10).
They are fully derepressed in the absence of the soluble
phospholipid precursors inositol and choline or ethanol-
amine; they are partially repressed in the presence of inositol
and fully repressed in the presence of inositol plus choline.
However, each of these enzymes exhibits a different

repression ratio in response to these soluble precursors. For
example, CDP-diacylglycerol synthase is repressed only
two- to threefold in response to inositol and choline (12),
while inositol-1-phosphate synthase is repressed some 30-
fold (11). PtdSer synthase, on the other hand, exhibits an
intermediate level of repression, some four- to fivefold, in
response to inositol and choline (3). Furthermore, the same
enzymes are differentially regulated in response to additional
soluble phospholipid precursors. For example, PtdSer syn-
thase and CDP-diacylglycerol synthase are repressed not
only by inositol or the combination of inositol plus choline,
but also by the combination of inositol plus serine or
ethanolamine (12, 21).

Several steps of phospholipid biosynthesis in S. cerevisiae
are also regulated in response to growth stage. In logarith-
mically growing cells, CDP-diacylglycerol synthase, PtdSer
synthase, and the phospholipid N-methyltransferases have

* Corresponding author.

maximum activities, whereas in stationary growth phase,
activities are reduced to 20 to 50% (13).
Each of the enzymes that responds to the presence of

soluble phospholipid precursors is also under the control of
a common set of regulatory genes. For example, opil
mutants, which were originally isolated on the basis of
overproduction of inositol (Opi- phenotype) (9), were later
shown to express CDP-diacylglycerol synthase, PtdSer syn-
thase, and the phospholipid N-methyltransferases constitu-
tively as well (12, 14). In addition, ino2 and ino4 mutants (7),
which were originally detected as inositol auxotrophs by
their inability to derepress inositol-1-phosphate synthase,
were subsequently shown to exhibit low constitutive levels
of PtdSer synthase (3) and the phospholipid N-methyltrans-
ferases (16). It has recently become apparent that the regu-
latory network within which the OPIJ, IN02, and IN04
gene products function requires the active synthesis of
PtdCho. When the synthesis of PtdCho is blocked by muta-
tions in the structural genes for the phospholipid N-methyl-
transferases, no regulatory signal is generated in response to
inositol (19, 23). In such mutants, the regulatory signal can
be regenerated if a soluble precursor is present which enters
the PtdCho-biosynthetic pathway, bypassing the metabolic
lesion in the particular mutant, thus restoring PtdCho bio-
synthesis.

Phosphatidylserine decarboxylase (PSD), which catalyzes
the conversion of PtdSer to PtdEtn, while not as extensively
studied as the phospholipid-biosynthetic enzymes discussed
above, has been shown to be repressed in response to
choline (6). PSD is unique among the enzymes involved in
PtdCho biosynthesis in that it cofractionates with the inner
mitochondrial membrane (15, 29), whereas the phospholipid
N-methyltransferases, for example, which catalyze the se-
quential methylation of PtdEtn that may be produced by the
PSD reaction, are localized in the microsomal membrane.
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TABLE 1. Strains used in this study

Strain Relevant genotype Remarks Source or reference

ade5 MATx adeS Wild type 7
D273-1OB Wild type ATCC 25657
chol MATa chol::TRPI ura3 leu2 PtdSer synthase deficient 3
cho2 MATa cho2::LEU2 leu2-3,112 ura3-1 Iys2 ade6 PtdEtn methyltransferase I deficient 23
opil MATa opil-i ura3-1 his3 leu2-3,112 Regulatory mutant 9
ino2 MATa ino2-21 ade2-1 leu2-3,112 trpl-J ura3-1 Regulatory mutant 7
ino4 MATa ino4-39 leu2-3,112 trpl-i ura3-1 Regulatory mutant 7

Localization of these enzymes in different membrane com-
partments may well play an important role in the control of
substrate flow through the biosynthetic pathways. In the
present study, we have further analyzed the regulation of
PSD in order to determine whether it is regulated in coordi-
nation with other enzymes involved in PtdCho biosynthesis
despite different subcellular distributions. To address this
question, we have explored four aspects of the regulation of
PSD: response to carbon sources affecting mitochondrial
proliferation; response to growth in the presence or absence
of soluble phospholipid precursors; effect of the regulatory
mutations opil, ino2, and ino4; and requirement for ongoing
PtdCho biosynthesis.

MATERIALS AND METHODS

Yeast strains and culture conditions. The S. cerevisiae
strains used in this study and their sources are summarized
in Table 1. Cells were grown in liquid culture medium (11),
with or without 75 ,uM inositol, 1 mM choline, or 1 mM
ethanolamine or with no supplementation, as indicated.
Galactose (2%), 3% lactate, or 5% glucose was used as the
carbon source, as indicated. Cell density was monitored by
cell counting and nephelometry at 548 nm.

Preparation of membranes and enzyme assays. Cells were
harvested by centrifugation at the times indicated in the
figure legends. Membrane fractions were obtained by disin-
tegration of cells with glass beads as described before (8) and
centrifugation at 100,000 x g for 60 min. The enzymatic
activity of PSD was determined in vitro by measuring the
conversion of phosphatidyl-L-[3-3H]serine into radioactively
labeled PtdEtn. The assay was based on the system de-
scribed by Carson et al. (6) with several modifications as
indicated below. Labeled PtdSer was synthesized in vitro by
using total membranes from a transformed yeast strain
overexpressing the CHOI structural gene encoding PtdSer
synthase (22) and L-[3-3H]serine in the presence of CDP-
(sn-i palmitoyl, sn-2 oleoyl)-glycerol, Mn2+ ions, and hy-
droxylamine (2). Labeled PtdSer was purified by preparative
thin-layer chromatography on silica gel H60 plates (Merck).
The specific activity of radioactively labeled PtdSer was in
the range of 0.50 to 2.0 mCi/mmol.
PSD assays were routinely performed at 30°C. The basic

incubation assay mix contained, in a total volume of 300 Pdl,
15 ,umol of Tris-Cl (pH 7.2), 0.12% Triton X-100, 150 nmol of
radioactively labeled PtdSer (1.9 p.Ci/pmol), 37.5 p,mol of
sucrose, 1.5 ,umol of EDTA, and 3 ,umol of dithiothreitol (6).
In order to determine the dependence of the enzyme activity
on the detergent, the concentration and the ratio of Triton
X-100 to substrate were varied as indicated (see also Fig. 1).
Prior to incubation with membrane protein, this incubation
mixture was subjected to extensive vortexing and ultrason-
ication for 5 min at 100 W in a water bath. The reaction was
initiated by addition of 60 to 150 ,ug of membrane protein and

vigorous vortexing. The reaction was terminated by remov-
ing 100-pdl aliquots from the incubation mixture and extract-
ing lipids with 0.5 ml of chloroform-methanol (2:1, vol/vol)
containing 1 mg of unlabeled yeast total lipids per ml as a
carrier. Extracts were dried under a stream of nitrogen, and
lipids were dissolved in 50 p.l of chloroform-methanol (2:1,
vol/vol) and subjected to thin-layer chromatography on silica
gel H60 plates in a solvent system containing chloroform-
methanol-28% ammonia (50:25:6, by vol). Lipid spots were
visualized by exposure to iodine vapor and scraped off with
a scalpel, and radioactivity in the PtdSer and PtdEtn frac-
tions was determined by liquid scintillation counting. The
specific activity of succinate dehydrogenase (1) and cy-
tochrome oxidase (18), which were used as mitochondrial
markers, was assayed as described before. The protein
concentration was determined by the assay of Lowry et al.
(17) with bovine serum albumin as the standard. The glucose
concentration in the medium was measured with a glucose
oxidase test kit from Boehringer, Mannheim, Germany.

RESULTS

Enzymatic properties of PSD. The properties of PSD were
analyzed in membrane preparations of wild-type cells grown
under different nutritional conditions. The protein was stable
at 0°C for several hours; at the standard assay temperature
(30°C) in the presence of Triton X-100, the activity dropped
to about 35% within 1 h. The reaction was linear with time
between 0 and 10 min and with protein concentrations
between 0.2 and 3.0 mg/ml. The pH dependence and inhibi-
tion by divalent cations and by reagents affecting sulfhydryl
and carbonyl groups were the same as described by Carson
et al. (6). When the detergent-to-substrate ratio was kept
constant (Triton X-100 to PtdSer ratio of 3.7:1), a linear
dependence of Slv versus S was observed in a Hanes-
Langmuir plot (Fig. 1). The apparent Km was 0.16 ± 0.05
mM and the Vmax was 9.8 + 0.8 nmol min-1 mg-1 in
membrane preparations of wild-type cells grown without
lipid precursors, inositol, and choline.
When the concentration of Triton X-100 was held constant

at 0.12%, thus varying the molar ratio of detergent to
substrate between 0.9:1 and 18.4:1, a significant alteration in
the kinetics of the reaction was observed. At a detergent-to-
substrate ratio above 5:1, PSD activity was significantly
reduced and a Michaelis-Menten-type of reaction kinetics
could no longer be observed (Fig. 1). These rather complex
kinetics of the PSD reaction are obviously due to the facts
that both the substrate and product of the reaction are
unsoluble in water and that the enzyme is a membrane
protein. Therefore, in order to obtain reliable results for the
PSD activity in different membrane preparations, much
attention was paid to using identical amounts of substrate,
detergent, and protein in each experiment. For the experi-
ments reported here, the substrate concentration was 0.5
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FIG. 1. Kinetics of the PSD reaction in membrane preparations

from wild-type cells (strain ade5) grown in the absence of inositol
and choline. Media contained 2% galactose as the carbon source.

The assay conditions were as described in the Materials and
Methods section at a constant Triton X-100-to-PtdSer molar ratio of
3.7:1 (O) or a constant concentration of Triton X-100 of 0.12% (U).
Numbers in parenthesis indicate the molar ratio of Triton X-100 to
PtdSer.

mM (about five times the apparent Km,) and the Triton X-100
concentration was 0.12% (molar ratio of Triton X-100 to
PtdSer of 3.7:1). Under these conditions, the assay results
were highly reproducible, and triplicate determinations were

routinely performed with a standard error below 10%.
Relationship of PSD activity to growth phase in the wild-

type strain. Wild-type cells (strain ade5) grown on 2%
galactose medium with or without 75 p.M inositol and 1 mM
choline were harvested at several points of growth, in log
phase, late log phase, and early and late stationary phase,
and PSD activity was determined in membrane preparations
as described in the Materials and Methods section. The
results, summarized in Fig. 2, showed a significant increase
of PSD activity in cells entering the stationary phase. This
modulation of PSD activity was identical for cells grown
without and with supplementation with inositol and choline;
however, the level of activity was about two- to threefold
higher in cells grown in the absence of inositol and choline,
regardless of growth phase.

Regulation of PSD activity in response to carbon source.
The activity of PSD was determined in strain D273-1OB
during growth in medium without inositol and choline and
containing 5% glucose as the carbon source. In order to
correlate PSD activity to the state of respiratory activity, the
mitochondrial enzymes succinate dehydrogenase and cy-

tochrome c oxidase were analyzed as markers. Figure 3
summarizes the specific activities of PSD and the marker
enzymes during cellular growth in the presence of initially
high glucose concentrations. Succinate dehydrogenase and
cytochrome c oxidase activities were low as long as the
glucose concentration in the growth medium was high.
Maximum activities of succinate dehydrogenase and cy-

tochrome c oxidase were observed in stationary-phase cells.
PSD specific activity was very similar between the wild-type
strains D273-1OB grown on 5% glucose and ade5 grown on

2% galactose and did not correlate with the activities of the
marker enzymes, indicating that PSD does not respond to
glucose repression.

Regulation of PSD activity in response to inositol, ethanol-
amine, and choline. The data summarized in Table 2 show
that PSD specific activity in wild-type cells grown with
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FIG. 2. (a) Growth dependence of wild-type cells (strain adeS) in
media containing 2% galactose as the carbon source without sup-
plementation (-) or supplemented with 75 ,uM inositol and 1 mM
choline (O). (b) Specific activity of PSD during growth in cells grown
without supplementation (black boxes) or with inositol and choline
(white boxes). Growth was monitored by cell counting.

inositol in the growth medium was reduced to about 63% of
the level observed in cells grown without supplementation.
The absence or presence of 1 mM ethanolamine or choline
did not significantly affect PSD specific activity. The pres-
ence of a combination of either ethanolamine or choline with
inositol, however, reduced the specific activity to about 4.4
or 2.6 nmol min-1 mg-1, respectively (48 and 28% of the
derepressed level, respectively). Apparent Km and Vmax
values for the conversion of PtdSer to PtdEtn were deter-
mined for preparations from cells grown in the presence or

absence of inositol and choline. The apparent Km did not
vary significantly between the different preparations and was
0.11 ± 0.05 mM for membranes from cells grown in the
presence of inositol and choline versus 0.16 + 0.05 mM for
those from unsupplemented cells. However, the Vmax was
9.8 + 0.8 nmol min-1 mg-' in cells grown without supple-
mentation, compared with 2.9 + 0.3 nmol min-1 mg-' in
cells grown in the presence of inositol and choline. The
maximal rate for the PSD reaction was identical when Triton
X-100 was added in a constant molar ratio to PtdSer of 3.7:1
or 1:1 (data not shown). Addition of inositol and/or choline
or ethanolamine to the assay mixture did not affect the
enzymatic properties of PSD. Mixing of membrane prepara-
tions from wild-type cells grown under different supplemen-
tation conditions resulted in the expected average specific
activity (data not shown).

Regulation of PSD specific activity in structural and regu-

latory mutants defective in phospholipid biosynthesis. In order
to analyze further whether regulation of PSD activity occurs
via the mechanisms of general control of phospholipid syn-

thesis, enzyme activity was analyzed in different structural
and regulatory yeast mutants defective in phospholipid bio-
synthesis. chol mutants (3) are defective in the synthesis of
PtdSer, the endogenous substrate for the PSD reaction. In
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FIG. 3. (a) Growth of wild-type D273-1OB cells in semisynthetic

medium without inositol and choline and containing 5% glucose as
the carbon source. The number of cells and the concentration of
glucose present in the medium are shown. (b) Relative specific
activities of PSD (black boxes) and the mitochondrial marker
enzymes cytochrome c oxidase (COX, hatched boxes) and succinate
dehydrogenase (SDH, white boxes) in wild-type D273-1OB. Cells
were grown in semisynthetic medium containing glucose as the
carbon source and without inositol and choline. The cells were
harvested at the times indicated, and enzymes were analyzed by the
procedures described in the Materials and Methods section.

chol mutants grown on ethanolamine or choline, the specific
activity of PSD was significantly lower (about 50%) than in
the wild type. This reduction could be due to the significantly
reduced growth rate of the mutant even under supplementa-
tion conditions. Addition of inositol to the growth medium of
chol mutants supplemented with ethanolamine or choline
resulted in a reduction of PSD specific activity to about 28%
of the derepressed level, which parallels the reduction in
wild-type cells under the same nutritional conditions.

In cho2 mutants, defective in the monomethylation of
PtdEtn to phosphatidylmonomethylethanolamine, PSD ac-

tivity levels did not respond significantly to the addition of
inositol. However, restoration of PtdCho synthesis by the
addition of choline to the inositol-containing growth medium
again resulted in reduced PSD activity, to a level almost
equivalent to the fully repressed level observed in the
wild-type strain (Table 2). Despite an accumulation of Ptd-
Etn in unsupplemented cho2 mutants of up to 50% of total
phospholipids, no effect on PSD specific activity was ob-
served. In vitro, PSD specific activity also did not respond to
the addition of PtdEtn to the assay mix. Therefore, feedback
control of the enzyme by its immediate product, PtdEtn, can
be excluded as a regulatory mechanism.

opil regulatory mutants are known to express phospho-
lipid-synthesizing enzymes at a high, derepressed level in the
presence of lipid precursors (9). PSD activity in opil mutants
was about 1.5-fold higher than in wild-type cells when both
inositol and choline were absent from the growth medium. In
contrast to the wild type, PSD activity in the opil mutant
remained at a high, unregulated level in the presence of
inositol and/or choline (Table 2).

In the ino2 and ino4 regulatory mutants, defective in the
derepression of phospholipid-synthesizing enzymes, PSD
activity remained at the fully repressed level (Table 2)
whether or not choline was added to the inositol-supple-
mented medium.

This pattern of regulation of PSD specific activity in
wild-type cells and regulatory mutants in response to soluble
phospholipid precursors is equivalent to the pattern ob-
served for other phospholipid-biosynthetic enzymes that
have been analyzed. This result strongly suggests that PSD
is controlled by the same regulatory mechanism that controls
other enzymes of phospholipid biosynthesis.

DISCUSSION
PSD catalyzes a central step in phospholipid biosynthesis

in S. cerevisiae. This reaction provides cells with PtdEtn,
which in itself is a major membrane component and, in
addition, serves as the substrate for the de novo synthesis of
PtdCho via the methylation pathway. From studies with rat
brain (4) and perfused hamster heart (28), it was estimated
that in mammalian cells, the contribution of the PSD reac-
tion accounted for less than 10% of the overall production of
PtdEtn. However, these assumptions most likely underesti-
mate the significance of PSD for phospholipid synthesis in
higher organisms (20, 24).
The aim of this study was to determine the regulatory

effects of growth phase, carbon source, lipid precursors, and
mutations in the phospholipid biosynthetic pathway on the

TABLE 2. Specific activity of PSD in wild-type and mutant strains of S. cerevisiae grown with 2% galactose as the carbon source
and in the presence or absence of inositol, ethanolamine, and cholinea

PSD sp act (nmol of PtdEtn generated/min/mg of membrane protein)
Strain No Ethanolamine Choline Inositol Inositol (75 K.M) + Inositol (75 ,uM) +

supplementation (1 mM) (1 mM) (75 ,uM) ethanolamine (1 mM) choline (1 mM)

ade5 9.3 + 1.1 10.1 ± 0.2 9.4 + 0.1 5.8 + 0.1 4.4 + 0.3 2.6 + 0.3
chol ND 5.2 + 0.1 4.7 + 0.1 ND 2.3 + 0.1 1.26 ± 0.1
cho2 10.5 + 0.7 ND 9.6 ± 0.4 11.3 + 0.3 ND 3.6 + 0.3
opil 14.2 + 0.4 ND 13.7 ± 0.7 16.4 ± 0.3 ND 18.2 + 1.1
ino2 ND ND ND 2.7 ± 0.2 ND 2.6 + 0.1
ino4 ND ND ND 2.5 ± 0.1 ND 2.9 + 0.3

a Membranes were prepared from early-stationary-phase cells as described in the Materials and Methods section. Values are the mean ± standard deviation
of triplicate determinations.

b ND, not determined.
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activity of PSD in S. cerevisiae. For obvious reasons,
Michaelis-Menten kinetics cannot be applied to a system in
which the enzyme is membrane bound and the substrate
forms micellar aggregates. Thus, the Km values obtained
from the kinetic studies can only be interpreted as apparent
Km. At a constant Triton X-100-to-PtdSer ratio of 3.7 and
with a relatively small amount of membrane protein, sub-
strate concentrations could be varied over a wide range
without deviation from linearity in a Hanes plot (Fig. 1).
When PSD activity was measured at a constant Triton X-100
concentration of 0.12%, the reaction rates became very low
at low substrate concentrations, which could be explained
by surface dilution of PtdSer in the presence of excess

detergent (26).
The assay conditions used in this study are somewhat

different from those employed in a previous study on the
effects of choline on PSD activity (6). The main differences
are the amount of enzyme preparation, which was 10- to
100-fold higher in the previous study, and the type of
substrate and detergent used. Small amounts of membrane
preparation appeared to be advantageous because mem-

brane lipids contain PtdSer, which dilutes the labeled PtdSer
added to the assay mixture. In our study, the amount of
endogenous PtdSer in the membrane preparation was deter-
mined and accounted for less than 4% of the total substrate
in the assay. The semisynthetic PtdSer used for the in vitro
assay reflects the fatty acyl composition of the endogenous
yeast PtdSer. We have used Triton X-100 as the detergent,
whereas Cutscum was used in the previous study (6). These
differences, taken together, probably account for the signif-
icantly lower apparent Km (0.11 + 0.05 versus 3.1 mM [6])
and the approximately twofold-higher Vmax observed in the
present study.
PSD cofractionates with the inner mitochondrial mem-

brane in S. cerevisiae (15, 29). We have shown, however,
that the specific activity of PSD does not respond to glucose
repression. This result was not unexpected because a high
glucose concentration promotes growth, leading to an in-
creased phospholipid requirement for membrane synthesis.
A reduction of PSD activity to the extent observed for
repressible mitochondrial enzymes would presumably limit
the overall rate of aminophospholipid synthesis and, as a

consequence, reduce the rate of cellular growth.
PSD activity is regulated in response to the growth phase

of cells. Maximum activities were found when cells entered
the stationary growth phase regardless of supplementation
with the soluble lipid precursors inositol and choline. In the
late stationary phase, PSD specific activity was reduced to
about 35 to 50% of the maximum level under both growth
conditions. Somewhat different results had been reported
previously for CDP-diacylglycerol synthase, PtdSer syn-

thase, and the phospholipid N-methyltransferases (13). In
cells grown in the absence of inositol and choline, maximum
activities of these enzymes were observed in the logarithmic
growth phase, and a two- to fivefold reduction occurred in
the stationary phase. In wild-type cells supplemented with
inositol and choline, these enzyme activities were repressed
maximally and did not differ significantly between growing
and nongrowing cells (13).
The presence in the growth medium of the soluble lipid

precursors inositol and inositol plus ethanolamine or choline
affected PSD specific activity in a fashion similar to that
reported for other enzymes involved in phospholipid biosyn-
thesis in S. cerevisiae (5). For wild-type cells, addition of
ethanolamine or choline to the growth medium in the ab-
sence of inositol had no effect on PSD specific activity.

Previously, repression of PSD specific activity was reported
in response to choline alone (6). However, since commer-
cially available yeast medium was used in the previous
studies (6), inositol was already present in the growth
medium. We determined that the presence of 75 ,uM inositol
in the medium reduced PSD specific activity to about 63% of
the derepressed level and the presence of inositol in combi-
nation with choline had a synergistic effect, leading to a
complete repression of about 28% of wild-type activity.
Interestingly, the combination of inositol and ethanolamine
showed a somewhat intermediate level of repression. Kinet-
ics studies as well as control experiments with mixed mem-
brane preparations or the addition of soluble precursors to
the in vitro assay support the view that the reduction of PSD
specific activity is most likely due to a reduced rate of
enzyme synthesis rather than to a direct regulatory effect of
the soluble precursors on the enzyme protein. However, the
presence of membrane-associated effectors cannot be com-
pletely excluded at this level of investigation.
PSD specific activity also responded to the regulatory

genes OPIJ, IN02, and IN04, which had been shown to be
part of the regulatory network for coordinated phospholipid
synthesis (5). In opil mutants, which express lipid-synthe-
sizing enzymes at a high, derepressed level even in the
presence of soluble lipid precursors, PSD levels were in-
creased rather than reduced when inositol and/or choline
was present in the growth medium. In ino2 and ino4 mutants,
which are defective in positive regulatory factors required
for expression of lipid-synthesizing enzymes, the PSD spe-
cific activity remained at a low, repressed level regardless of
supplementation. This pattern of regulation of PSD is similar
to the pattern of regulation of other enzymes of phospholipid
biosynthesis, including PtdSer synthase and inositol-1-phos-
phate synthase (5), and strongly suggests that PSD is under
the same regulatory control as the other coordinately regu-
lated enzymes. At least two of the structural genes encoding
coregulated enzymes (INOI, encoding inositol-1-phosphate
synthase [11], and CHO], encoding PtdSer synthase [3])
have been shown to be regulated at the transcriptional level.
Thus, we conclude that PSD activity is also, at least in part,
regulated at the level of gene expression.
Two of the strains analyzed in this study are structural

mutants defective in phospholipid-synthesizing enzymes.
chol mutants lack PtdSer synthase and are therefore devoid
of PtdSer, the substrate for the PSD reaction. In these
mutants, which are ethanolamine or choline auxotrophs, the
PSD activity levels responded to the presence of inositol in
the growth medium, comparable to the wild type. The lack of
repression of PSD specific activity in cho2 mutants in
response to inositol and the restoration of regulation upon
further addition of choline to the growth medium show that
in order for repression to occur, ongoing synthesis of PtdCho
is required. A similar requirement has been observed previ-
ously for the expression of inositol-l-phosphate synthase,
the product of the yeast INOJ gene (11, 19). This most
interesting phenomenon, that ongoing synthesis of PtdCho is
required for the cell to respond to the presence of inositol, is
as yet unexplained. Further progress in the understanding of
the control of expression of PSD in S. cerevisiae awaits the
isolation of the protein and the structural analysis of the PSD
gene, including the regulatory sequences.
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