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The addition of ethanolamine or choline to inositol-containing growth medium resulted in a reduction of
CTP:phosphatidate cytidylyltransferase (CDP-diacylglycerol synthase; EC 2.7.7.41) activity in Saccharomyces
cerevisiae. The reduction of activity did not occur in the absence of inositol. CDP-diacylglycerol synthase
activity was not regulated in a S. cerevisiae mutant strain (opil; an inositol biosynthesis regulatory mutant) by
the addition of phospholipid precursors to the growth medium.

The liponucleotide CDP-diacylglycerol (CDP-DG) is an
important intermediate in the biosynthesis of the major
phospholipids in Saccharomyces cerevisiae (13). The en-
zyme responsible for the synthesis of CDP-DG is CTP:phos-
phatidate cytidylyltransferase (CDP-DG synthase,
EC.2.7.7.41) (6). The regulation of this enzyme may be
involved in controlling the ionic nature and function of yeast
membranes (1). Information on the regulation of phospho-
lipid biosynthesis has come from growth studies of S.
cerevisiae (10). Some phospholipid biosynthetic enzyme
levels are regulated by the addition of water-soluble phos-
pholipid precursors to the growth medium. The presence of
the CDP-ethanolamine- and the CDP-choline-based path-
ways (11) for the synthesis of phosphatidylethanolamine and
phosphatidylcholine, respectively (7) prompted us to exam-
ine what effects the precursors ethanolamine and choline
have on CDP-DG synthase activity in S. cerevisiae.

(8, 12). Cells were grown at 280C in 100 ml of complete
synthetic medium (12) containing myo-inositol (50 R,M),
ethanolamine (1 mM), and choline (1 mM) where indicated.
Cells were grown to a late-exponential-phase equivalent
density of 5 to 10 mg (wet cell weight) per ml. Cells were
harvested and cell extracts were prepared as previously
described (12).
CDP-DG synthase activity was measured at 30'C as de-

scribed by Carman et al. (3) by following the incorporation of
1.0 mM [5-3H]CTP (10,000 cpmlnmol) into chloroform-
soluble product in the presence of 50 mM MES
(morpholineethanesulfonic acid) hydrochloride buffer (pH
6.5)-20 mM MgCl24.5 mM phosphatidic acid-5 mM Triton
X-100-enzyme protein in a total volume of 0.1 ml. The
phospholipid product of the reaction was identified with
standard CDP-DG by thin-layer chromatography (3).
CDP-DG synthase activity was measured from the cell

TABLE 1. CDP-DG synthase activity in cell extracts from S. cerevisiae grown in the presence of phospholipid precursors4

Growth condition
Wild type (adeS) activity Mutant (opil) activity

U/mg + SD Relative activity (%) U/mg ± SD Relative activity (%)

Complete synthetic medium (CSM) 0.45 ± 0.02 100 0.78 ± 0.04 100
CSM + inositol 0.30 ± 0.03 66 0.79 ± 0.03 101
CSM + ethanolamine 0.47 ± 0.01 104 0.83 ± 0.02 106
CSM + inositol + ethanolamine 0.18 ± 0.04 40 0.82 ± 0.07 105
CSM + choline 0.45 ± 0.03 100 0.75 ± 0.10 96
CSM + inositol + choline 0.20 ± 0.01 44 0.81 ± 0.06 104

a S. cerevisiae adeS and opil strains were grown in complete synthetic medium with 50 F.M inositol, 1 mM ethanolamine, and 1 mM choline where indicated.
The specific activities (units per milligram) of CDP-DG synthase were calculated from triplicate determinations from a minimum of two independent growth
studies. One unit of enzymatic activity was defined as the amount of enzyme that catalyzed the formation of 1 nmol of product per min under the assay conditions
described in the text. Protein was determined by the method of Bradford (2) with bovine serum albumin as the standard.

The mutant S. cerevisiae opil-i ade5 MATa strain is
constitutive for inositol biosynthesis (8) and other enzymes
of phospholipid biosynthesis (12). The parent adeS MATa
strain shows normal regulation of phospholipid biosynthesis
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extract of the adeS and opil strains grown in complete
synthetic medium in the absence or presence of water-
soluble phospholipid precursors (Table 1). The addition of
inositol to the growth medium for the adeS strain resulted in
a 34% reduction of activity. The addition of both inositol and
ethanolamine and both inositol and choline to the growth
medium of the adeS strain reduced CDP-DG synthase activ-
ity 60 and 56%, respectively. Ethanolamine and choline did
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not inhibit activity when added to medium without inositol.
The opil phospholipid biosynthetic regulatory mutant (8, 9,
12) was completely constitutive for CDP-DG synthase activ-
ity and failed to respond to inositol alone or in combination
with ethanolamine and choline (Table 1). In addition, the
specific activity of CDP-DG synthase in the opil mutant was
elevated about 1.7-fold above the wild-type adeS level.
A similar pattern of regulation has been shown for other

enzymes of phospholipid biosynthesis in S. cerevisiae. For
example, the membrane-associated phospholipid N-
methyltransferases which convert phosphatidyletha-
nolamine to phosphatidylcholine are repressed 6- to 10-fold
when choline is added to medium already containing inositol
(14). However, the growth of cells in the presence of choline
in medium lacking inositol results in no repression of these
enzymes (15). Similarly, both phosphatidylserine synthase
(4) and phosphatidylserine decarboxylase (5) are repressed
about three- to fourfold by the addition of choline to medium
containing inositol. However, it has recently been demon-
strated that phosphatidylserine synthase, like the phospho-
lipid N-methyltransferases, is repressed by choline only in
the presence of inositol (12). Thus, in S. cerevisiae a number
of enzymatic activities involved in phospholipid synthesis
have been shown to be regulated in a coordinate fashion in
response to inositol and choline.
The opil mutant, which was originally described as con-

stitutive for inositol-1-phosphate synthase (8, 9), was found
to be pleiotropically constitutive for phosphatidylserine
synthase and the phospholipid N-mnethyltransferases (12).
Consistent with these observations, in the present study
CDP-DG synthase activity was found to be constitutive in
the S. cerevisiae opil mutant strain.
The results of these studies suggest that the regulatory

mechanism governing the control of inositol biosynthesis
pleiotropically regulates CDP-DG synthase activity in S.
cerevisiae. The fact that CDP-DG synthase activity was
slightly elevated in the opil mutant and was expressed at the
same level whether or not water-soluble phospholipid pre-
cursors were present supports the idea that the OPIJ gene
product is a negative regulator (8, 9, 12). As a consequence
of the reduction in S. cerevisiae CDP-DG synthase activity
by ethanolamine or choline in inositol-containing medium,
the CDP-ethanolamine- or CDP-choline-based pathways (11)
may be activated to synthesize required levels of phosphati-
dylethanolamine or phosphatidylcholine, respectively.
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