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Enzymatic Detection of Phospholipid Biosynthetic Enzymes
After Electroblotting?
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The membrane-associated enzymes phosphatidylinositol synthase (CDPdiacylglycerol:myo-inositol 3-
phosphatldyltransferase, EC 2.7.8.11) and phosphatldylserme synthase (CDPdiacylglycerol:L-serine O-
phosphatidyltransferase; EC 2.7.8.8) from Saccharomyces cerevisiae were detected enzymatically after sodium
dodecyl sulfate-polyacrylamide gel electrophoresis and electroblotting. Enzyme activities were measured on
nitrocellulose blots by using pure enzyme preparations as well as Triton X-100-solubilized membranes.
Phosphatidyllnositol synthase activity migrated to M, 34,000, and phosphatidylserine synthase activity

migrated to M, 23,000.

Phosphatidylinositol (3, 8, 9) and phosphatidylserine (1)
are membrane phospholipids important to the growth of
Saccharomyces cerevisiae. Phosphatidylinositol synthase
(CDPdiacylglycerol:myo-inositol 3-phosphatidyitransferase;
EC 2.7.8.11) is the enzyme responsible for the formation of
phosphatidylinositol (12) Phosphatidylserine synthase
(CDPdiacylglycerol:L-serine O-phosphatidyltransferase; EC
2.7.8.8) catalyzes the formation of phosphatidylserine (11).
Since phosphatidylinositol synthase and phosphatidylserine
synthase catalyze reactions involving the common substrate
CDPdiacylglycerol, their activities may regulate the relative
proportion of their phospholipid products in the membrane.
Both of these enzymes are tightly associated with the
membrane- fraction of S. cerevisiae (5, 6, 13). We have
recently purified phosphatidylinositol synthase (7) and
phosphatldylscnne synthase (2) from the microsomal frac-
tion of S. cerevisiae. The purification procedures developed
for phosphatidylinositol synthase (7) and phosphatidylserine
synthase (2) resulted in the isolation of nearly homogeneous
protein preparations of M, 34,000 and 23,000, respectively,
as determined by sodium dodecyl sulfate-polyacrylamide gel
electrophore51s However, we were unable to measure the
activities of phosphatidylinositol synthase and phosphat-
idylserine synthase in polyacrylamide gels.

A number of integral membrane proteins have been rena-
tured after sodium dodecyl sulfate denaturation (for refer-
ences, see 10). Hjertén (10) has recently shown that the
membrane-associated p-nitrophenylphosphatase from Acho-
leplasma laidlawii could be renatured in gels, with restora-
tion of activity after sodium dodecyl sulfate-polyacrylamide
gel electrophoresis. The transfer of proteins to nitrocellulose
paper after sodium dodecyl sulfate-polyacrylamide gel elec-
trophoresis (4, 13) makes proteins more accessible for anal-
ysis. In this communication we show that the activity of
phosphatidylinositol synthase and phosphatidylserine syn-
thase can be restored after sodium dodecyl sulfate-poly-
acrylamide gel electrophoresis and electroblotting.

Phosphatidylinositol synthase (7) and phosphatidylserine
synthase (2) were purified from S. cerevisiae S288C, as
previously described. Samples for electrophoresis were dia-
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lyzed for 3 h at 8°C against 62.5 mM Tris-hydrochloride (pH
6.8)-2% sodium dodecyl sulfate-50% glycerol-5% 2-mer-
captoethanol. 2 pl of 1% methyl green was added to samples
as a transfer indicator, and sodium dodecyl sulfate-poly-
acrylamide slab-gel electrophoresis was performed with 10%
gels, as previously described (7). After electrophoresis,
proteins were transferred electrophoretically to unmodified
nitrocellulose (4, 13) in 25 mM Tris-hydrochloride (pH
8.3)-0.192 M glycine-20% methanol-0.02% sodium dodecyl
sulfate by using a Hoefer TE 52 Transphor unit. The transfer
was run for 45 min at 100 V. After transfer, the nitrocellulose
sheet was cut in half. One half was stained with Coomassie
blue (7), and the other half was soaked in renaturation buffer
(50 mM Tris-hydrochloride [pH 8.0], 30 mM MgCl,, 1 mM
CDPdiacylglycerol, 0.5% Triton X-100, 10 mM 2-mercapto-
ethanol, 20% glycerol, 3% bovine serum albumin) for 1 h at
8°C. The renaturation buffer for phosphatidylserine synthase
also contained 0.6 mM Mn,Clz. The presence of CDPdi-
acylglycerol and cofactors in the renaturation buffers stabi-
lizes phosphatidylinositol synthase and phosphatidylserine
synthase activities. Each lane was cut into 0.5-cm strips and
used for enzyme assays. All assays were conducted at 30°C
for 60 min. Phosphatidylinositol synthase activity was meas-
ured by following the incorporation of 0.5 mM myo-[2-
3H]mosutol (12,000 cpm/nmol) into chloroform-soluble prod-
uct in the presence of 50 mM Tris-hydrochloride buffer (pH
8.0), 2 mM MnCl,, 0.2 mM CDPdiacylglycerol, 1.6 mM
Triton X-100, and a 0.5-cm strip of nitrocellulose in a total of
0.2 ml as previously described (5). Phosphatidylserine syn-
thase activity was assayed in a similar manner (5), with 0.5
mM L-[3-*H]serine (13,000 cpm/nmol), 50 mM Tris-hydro-
chloride buffer (pH 8.0), 0.6 mM MnCl,, 0.2 mM CDPdi-
acylglycerol, 4 mM Triton X-100, and a 0.5-cm strip of
nitrocellulose in a total of 0.2 ml.

As previously described (7), the purification of phosphat-
idylinositol synthase resulted in the isolation of a major
peptide with an M, of 34,000 (Fig. 1). Phosphatidylinositol
synthase activity was found in the nitrocellulose fractions
with the same M, as that in the stained peptide band (Fig. 1).
The recovery of activity after electroblotting was 0.7%. The
purification of phosphatidylserine synthase resulted in the
isolation of a major peptide with an M, of 23,000 (Fig. 2), as
previously described (2). Phosphatidylserine synthase activ-
ity was found in the nitrocellulose fractions corresponding to
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the stained peptide band (Fig. 2). The recovery of activity
after electroblotting was 10%. These results are further that
the proteins with minimum subunit molecular weights of
34,000 and 23,000 are phosphatidylinositol synthase and
phosphatidylserine synthase, respectively.

Phosphatidylinositol synthase activity (7) and phosphat-
idylserine synthase activity (2) were extracted from S.
cerevisiae microsomes with 1% Triton X-100, as previously
described. Samples of the Triton X-100-solubilized phosphat-
idylinositol synthase (0.8 nmol/min) and phosphatidylserine
synthase (1.3 nmol/min) were subjected to sodium dodecyl
sulfate-polyacrylamide gel electrophoresis, transferred to
nitrocellulose paper, incubated in renaturation buffer for 1 h
at 8°C, cut into 0.5-cm strips, and assayed for activity at
30°C, as described above for the purified enzymes. Phos-
phatidylinositol synthase activity migrated to M, 34,000, and
phosphatidylserine synthase activity migrated to M, 23,000
(data not shown). The activity profiles for each enzyme were
the same as that shown in Fig. 1 and 2 for phosphatidy-
linositol synthase and phosphatidylserine synthase, re-
spectively. The recovery of phosphatidylinositol synthase
activity and phosphatidylserine synthase activity after elec-
troblotting was 0.3 and 0.8% respectively.

The recovery of phosphatidylinositol synthase and
phosphatidylserine synthase after the electroblotting proce-
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FIG. 1. Detection of phosphatidylinositol synthase activity after
electroblotting. A purified sample of phosphatidylinositol (PI) syn-
thase (4 nmol/min) was subjected to sodium dodecyl sulfate-poly-
acrylamide gel electrophoresis, transferred to nitrocellulose paper,
incubated in renaturation buffer for 1 h at 8°C, cut into 0.5-cm strips,
and assayed for activity at 30°C, as described in the text. The counts
associated with [2->H]phosphatidylinositol in the peak nitrocellulose
fraction were 9,500 cpm above background (80 cpm). Lane A
contained 12 pg of standards (phosphorylase B [M,, 92,500], bovine
serum albumin [M,, 66,200], ovalbumin [M,, 45,000], carbonic
anhydrase [M,, 21,500], and lysozyme [M,, 14,400]), and lane B
contained S pg of purified phosphatidylinositol synthase. Lanes A
and B were stained with Coomassie blue directly after transfer to the
nitrocellulose sheet.
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FIG. 2. Detection of phosphatidylserine synthase activity after
electroblotting. A purified sample of phosphatidylserine (PS) syn-
thase (3 nmol/min) was subjected to sodium dodecyl sulfate-poly-
acrylamide gel electrophoresis, transferred to nitrocellulose paper,
incubated in renaturation buffer for 1 h at 8°C, cut into 0.5-cm strips,
and assayed for activity at 30°C, as described in the text. The counts
associated with [3-*H]phosphatidylserine in the peak nitrocellulose
fractions were 21,000-62,000 cpm above background (400 cpm).
Lane A contained 12 pg of standards (phosphorylase B [M,, 92,500],
bovine serum albumin [M,, 66,200], ovalbumin [M,, 45,000], car-
bonic anhydrase [M,, 21,500], and lysozyme [M,, 14,400]), and lane
B contained 9 pg of purified phosphatidylserine synthase. Lanes A
and B were stained with Coomassie blue directly after transfer to the
nitrocellulose sheet.

dure was very low. This was not unexpected, considering
the treatment to which both enzymes were exposed. The
method is not suited to the purification of enzymes; how-
ever, it did allow us to confirm the subunit molecular weights
of phosphatidylinositol synthase and phosphatidylserine syn-
thase by using pure enzyme preparations or Triton X-100
extracts. The enzymatic detection of proteins on electroblots
should prove useful for other enzymes of phospholipid
metabolism.
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