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SUMMARY

A rapid high-performance liquid chromatagraphic method for the separation of methylat-
ed phospholipids is described. The separation is accomplished on an amine column using
acetonitrile—methanol—water as the eiuting solvent and UV detection at 203 nm. The choice
between gradient and isocratic elution for the separation depends upon the condition of col-
umn. The method is suitable for the isolation of phosphatidylcholine, sphingomyelin, lyso-
phosphatidylcholine, phosphatidylethanolamine, phosphatidylmonomethylethanolamine,
phosphatidyldimethylethanolamine and lysophosphatidylethanolamine from tissues. It is
applicable to the study of reaction products in phosphatide methyltransferase assay mix-
tures. Choline and ethanolamine plasmalogens can be determined indirectly by converting
them into lysophosphatidylcholine ‘and lysophosphatidylethanolamine with exposure to
hydrochloric acid fumes.

INTRODUCTION

Phosphatidylcholine (PC), a major constituent of mammalian cell mem-
branes, can be synthesized by two pathways: by stepwise methylation of phos-
phatidylethanolamine (PE), and by the CDP-choline pathway [1]. The methyla-
tion pathway utilizes S-adenosyl-L-methionine (SAM) as the methyl donor, and
is catalyzed by two methyltransferases with phosphatidyl-N-monomethyletha-
nolamine (PMME) and phosphatidyl-N,N-dimethylethanolamine (PDME) as
intermediates [2] . Recently Hirata and Axelrod [3] have demonstrated in many
cell types an important role of phospholipid methylation in the transduction of
receptor-mediated signals through the cell membranes. Phospholipid methyla-
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tion is coupled to calcium influx and the release of arachidonic acid. A simple,
rapid and quantitative analytical method for the isolation of PE, PMME, PDME
and PC will be very useful for studying the function and regulation of phospho-
lipid methylation. The isolation of the different methylated phospholipids by
thin-layer chromatography (TLC) [4] is tedious and time consuming. Gas—liqg-
uid chromatographic analysis of the bases after acid hydrolysis of the lipids is
also a laborious procedure [5]. Axelrod and co-workers [6, 7] recently reported
a high-performance liquid chromatographic (HPLC) method for separation and
characterization of the major phospholipids formed by methyltransferases in
the rat liver. Using a silica gel column, a solvent system of chloroform—meth-
anol—water—ethanolamine (77.8:20:2:9.2, v/v), a fraction collector and lig-
uid scintillation counting, the method is suitable for the analysis of radio-
labelled phospholipids. However, since the solvent system absorbs in the 200-
nm range, direct monitoring of lipid separation with UV detection is not pos-
sible. In this report we describe a rapid and simple HPLC method which is suit-
able for the isolation of methylated phospholipids from tissues.

MATERIALS AND METHODS

Materials

Egg yolk phosphatidylcholine, sphingomyelin (SPH), lysophosphatidyl-
choline (LPC), phosphatidylethanolamine and lysophosphatidylethanolamine
(LPE) were obtained from Sigma (St. Louis, MO, U.S.A.). Egg yolk PMME and
PDME were purchased from Gibco (Grand island, NY, U.S.A.). They were
derivatives of egg yolk PC by the exchange of bases in the presence of phos-
pholipase D. Dipalmitoyl PMME and PDME were synthetic products of Cal-
biochem-Behring (La Jolla, CA, U.S.A.). Acetonitrile and methanol were of
HPLC grade from Burdick and Jackson Labs. (Muskegon, MI, U.S.A.). S-Aden-
osyl-L-[methyl-'*Clmethionine (59 Cifmol), and [dipalmitoyl-1-}**C]phospha-
tidylcholine (100 mCi/mmol) were purchased from New England Nuclear
(Boston, MA, US.A)).

Tissue lipid extracts

Sprague-Dawley male rats weighing 150 g were used. They had access to the
diet up to the time of sacrifice. Immediately after decapitation, heads and livers
were placed in liquid nitrogen. A 1-g amount of rat tissue from cerebrum or
right lobe of liver was homogenized in 30 ml of chloroform—methanol (2:1,
vjv). After filtration the lipid extract was separated into two phases according
to the procedure of Folch et al. [8]. An aliquot of the lower phase was injected
into the chromatograph for analysis. Lipid phosphorus in tissue extracts was
measured by the Bartlett procedure [9].

Hydrolysis of choline and ethanolamine plasmalogens

For the analysis of choline and ethanolamine plasmalogens present in tissues,
an aliquot of the lipid extract was dried under nitrogen. The open vial was then
inverted and held over an open bottle of concentrated hydrochloric acid for 10
min. After flushing the vial with nitrogen, chloroform was added in an amount
identical with that of the original sample. An aliguot was injected into the
chromatograph for analysis.
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Chromatographic conditions

We used a Waters Assoc. (Milford, MA, US._A)) liquid chromatograpkic sys-
tem consisting of a Model 6000 soivent delivery system, a Model 660 solvent
programmer, a Model U6K injector, a Model 450 variable-wavelength detector
and a strip chart recorder. The column was a 30 cm X 39 mm I.D. prepacked
stainlesssteel column which contained uBondapak NH,, particle size 10 ym
(Cat. No. 84040). The packing material has an amino group chemically bonded
to silica at 9% (w/w) (—Si—R—NH,). Solvent composition, flow-rate, sample
size and recorder response are indicated in the legends to the figures. The
temperature was approximately 21°C. The detection was at 203 nm. The refer-
ence cell contained air. Each day after the analysis the column was washed
successively with 30 ml each of methanol—water (1:1, v/v), methanol and di-
chloromethane before storing it overnight in n-hexane.

Analysis of reaction products in methyltransferase assay

The rat liver was minced and homogenized at 4°C in 3 volumes of 0.25 M
sucrose with a Polytron (Brinkmann Instruments, Westbury, NY, U.S.A.) for
1 min. The homogenate was centrifuged for 20 min at 10,000 g to sediment
cell debris, nuclei and mitochondria. Aliquots of the postmitochondria super-
natant were used as enzyme suspensions in the phosphatide methyltransferase
assays. The enzyme activity was assayed by measuring the incorporation of
methyl group from [methyl-'*C]SAM into phospholipids as described by Tana-
ka et al. [10]. The assay mixture contained 5.9 uM [methyl-'*C]SAM (0.1
uCi), 10 mM L-cysteine, 10% glycerol, 0.1 M Tris - HCI buffer (pH 8.8) and
enzyme suspension (2.5 mg protein) in a total volume of 0.5 ml. The reaction
was initiated by the addition of radioactive SAM. The mixture was incubated
at 37°C for 30 min. The reaction was stopped by adding 8 ml of chloroform—
methanol (2:1, v/v). Lipids were extracted according to the Folch procedure
[8]. After washing once with the pure solvent upper phase [8], the lower
chloroform layer was dried down under nitrogen and redissolved in 30 pl of
chloroform. An aliquot (20 ul) was injected into the chromatograph for the
analysis of reaction products. We attempted to confirm that the reaction pro-
ducts were methylated phospholipids by comparing the retention times of
14Cradioactivity peaks with those of phospholipids derived from various
sources. The chromatogram of *C-labelled substances was obtained by collect-
ing the effluent for 40 min into 80 scintillation vials, i.e. a 30-sec collection per
fraction. The eluate was evaporated to dryness, dissolved in 0.5 ml of methanol
and counted for g-emission in 15 m! of Liquifluor (New England Nuclear).

Quantitative analysis of phospholipids in the rat liver and brain extract

Lipid extracts were injected into the chromatograph for analysis. Phospho-
lipid classes were quantitated by collecting the effluent under the peaks and
measuring the lipid phosphorus with malachite green [11]. The effluent of
PMME peak was also quantified by a Dns derivatization procedure which we
previously described [12] . Briefly, the lipid reacted with 1-dimethylaminonaph-
thalene-5-sulfonyl chloride (Dns-Cl) to form a fluorescent derivative. The deriv-
atization mixture was analyzed by a second high-performance liquid chromato-
graph using a silica gel column and gradient elution. Dns-PMME was measured
by fluorescence detection.
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RESULTS

HPI.C of phospholipid standards

Aliquots of phospholipid solution, containing egg yolk PC, SPH, LPC, PE,
PMME, PDME and LPE were injected onto an amine column for analysis, and
acetonitrile—methanol—water mixtures were used as eluting solvents. The selec-
tion of solvent composition and the choice between gradient and isocratic elu-
tion for the separation depended upon the condition of the column. When the
column was new, PE, PMME, PDME and LPE were strongly retained. Only
eluting solvents with relatively high methanol and water contents could elute
these lipids within a short time. On the other hand, the separation of PC, SPH
and LPC required a solvent system of very low polarity. Fig. 1a shows that with
an acetonitrile—methanol—water (3:2:1, v/v/v) solvent mixture, PE, PMME and
PDME were readily separated. PC, SPH and LPC were eluted with the solvent
front (SF), while LPE co-eluted with PDME. To separate all of the methylated
phospholipids in a single run, it is necessary to use gradient elution. As shown
in Fig. 1b, cholinecontaining phospholipids were eluted first, while the others
were not eluted until the polarity of the solvent was raised. However, after the
column was used repeatedly for the analysis of tissue extracts, the ability of
stationary phase to retain ethanolamine-containing phospholipids decreased.
The polarity of eluting solvent that was required for a rapid separation of these
lipids became lower and lower with increasing use of the column. In contrast,
the retention times of choline-containing phospholipids tended to increase. In
time the use of a solvent system of relatively low polarity (acetonitrile—metha-
nol—water, 13:7:1, v/v/v) in isocratic elution could separate all of the meth-
ylated phospholipids rapidly (Fig. 1c). The number of theoretical plates of the
column was approximately 1500 in the beginning and decreased to 909 at the
time the isocratic elution was employed. Despite the decrease in column effi-
ciency, good resolution was achieved by adjusting the proportion of acetoni-
trile, methanol and water in the eluting solvent. These results were reproducible
in all the three columns that we utilized in this present study. Recoveries of
phospholipids applied to the column were determined by measuring the
amount of phosphorus in the eluted phosphorus peaks. They were consistently
greater than 95%, except for the recovery of PE which was 85%. The quantita-
tive recovery of PC was also confirmed by counting the radioactivity in the
eluted PC peak after injecting [dipalmitoyl-1-'*C] PC into the column.

Fig. 1. Chromatograms of egg yolk phospholipids. Chromatographic conditions: (a) new col-
umn, isocratic elution with acetonitrile—methanol—water (3:2:1, v/v/v), flow-rate, 1.0 ml/
min, recorder response, 0.1 a.u.fs.; (b) new column, gradient elution with acetonitrile—
methanol—water mixtures from 15:2:1 to 7:3:1 (v/v/v) linearly in 10 min, flow-rate, 1.5
ml/min, recorder response, 0.4 a.u.fs.; (¢) a column in daily use for 1 month; isocratic elu-
tion with acetonitrile—methanol—water (13:7:1, v/v/v), flow-rate, 1.6 ml/min, recorder re-
sponse 0.1 a.u.fs. The amount injected was approximately 1 ug of each lipid in (a), 6 pg of
each lipid in (b), and 2 ug of each lipid in (c). Peaks: SF = solvent front: PC = phosphatidyl-
choline; SPH = sphingomyelin; LPC = lysophosphatidylcholine; PE = phosphatidylethanol-
amine; PMME = phosphatidylmonomethylethanolamine; PDME = phosphatidyldimethyl-
ethanolamine; LPE = lysophosphatidylethanolamine.
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HPLC of tissue extracts

Aliquots of lipid extracts from rat brain and liver were injected into the
chromatograph, and the isocratic technique was used to elute the lipids.
Despite the use of crude Folch extracts {8], chromatograms in Fig. 2a and Fig.
3a reveal peaks of PC, SPH and PE free of interferences by other materials.
Neutral lipids were eluted in the solvent front. Phosphatidylinositol (PI) and
phosphatidylserine (PS) could not be eluted. These chromatographic patterns
were consistent with the published results on the relative abundance of phos-
pholipids in various organs of rats [13]. Peaks of PMME, PDME and LPE were
detectable only when a larger aliquot was injected and when the sensitivity of
the detector was increased (Fig. 3b).

Analysis of plasmalogens
The chromatographic condition described here did not separate choline
plasmalogen from PC nor ethanolamine plasmalogen from PE. Plasmalogens
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Fig. 2. HPLC analysis of the lipid extract of rat brain before (a) and after (b) exposure to
hydrogen chloride fumes. An aliquot of the Folch lipid extract [8], containing 15 ug of total
phospholipids, was injected directly into the chromatograph. Another aliquot, also contain-
ing 15 pg, was dried, exposed to hydrogen chloride fumes, redissolved in chloroform and
then injected. Chromaiographic conditions: isocratic elution with acetonitrile—methanol—
water (13:7 :1, v/v/v); flow-rate, 1.6 mi/min; and recorder response, 0.2 a.u.f.s.
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Fig_ 3. HPLC analysis of the lipid extract of rat liver. Chromatographic conditions: isocratic
elution with acetonitrile—methanol—water (13:7:1, v/v/v); and flow-rate, 1.6 mi/min.
(2a) An aliquot of the Folch lipid extract [8] containing 15 pg of total phespholipids;
recorder response, 0.4 a.u.fs.; (b) an aliquot containing 360 ug of total phospholipids in
25 ul of chloroform, recorder response, 0.2 a.u.fs.; (c) isolation of PMME and PDME from
rat liver. PMME and PDME peaks were collected and reinjected into the chromatograph for
the removal of PE contaminant, see text for explanation. « = An unidentified peak.
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could be analyzed by comparing the chromatogram of the original lipid extract
" (Fig. 2a) with that of the lipid extract that had been exposed to hydrogen
chloride fumes before the HPLC analysis (Fig. 2b). This is based on previous
observations that hydrogen chloride fumes quantitatively hydrolyze the alk-1-
enyl group from phospholipids and neutral lipids [14]. The chromatogram of
the original lipid extract reveals no detectable amounts of lyso-PC and lyso-PE
in rat brain. The exposure to hydrogen chloride fumes converted choline plas-
malogen into lyso-PC and ethanolamine plasmalogen into lyso-PE, since Fig. 2b
shows that the peaks corresponding to PC and PE decreased while the peaks
corresponding to lyso-PC and lyso-PE appeared. Table I shows the results of
analysis of ethanolamine plasmalogens in the rat brain extract. They are com-
pared with the results obtained by other HPLC and TLC methods. Good agree-
ment between these results is evident.

TABLEI
ANALYSIS OF ETHANOLAMINE PLASMALOGENS IN RAT BRAIN

The values in the present analysis, percentages of the total lipid phosphorus, are mean =+ S.D.
obtained from three rats. Aliquois of lipid extracts containing 32 pg of total phospholipids
were injected into the chromatograph as described in Fig. 2. PE and lyso-PE peaks were col-
lected from the effluent and quantitated by measuring the lipid phosphorus. Ethanolamine
plasmalogens were determined by the decrease in PE fraction and the increase in lyso-PE
after exposure of the lipid extract to hydrogen chloride fumes.

Dns derivati-
zation and

Present HPLC by HPLC by TLC by
analysis Chen et al. Jungalwala Clarke and Dawson
112} et al. [15] {16}
Before exposure to hvdrogen chloride
PE 400+ 238 43612 41416:+26 38.2
Lyso-PE None detected
sAfter exposure to hydrogen chloride
PE 19.2: 20 154
Lyso-PE (derived from
plasmalogens) 199 := 0.9 189 = 0.6 229=:=13 21.3

Isolation of PMME and PDME from rai liver

The isolation of PMME and PDME from tissues was complicated by the fact
that the content of these lipids in the crude lipid extract is extremely small
[5, 17]. For PMME and PDME peaks to be detectable with UV detection, a
relatively large amount of lipid extract had to be injected into the chromato-
graph. Because the content of PE in the rat liver is about 1000-fold more than
those of PMME and PDME [17], the resclution of ethanolamine-containing.
phospholipids is sacrificed when the sample size is increased. We used the
following procedure to isolate PMME and PDME from the rat liver. In order to
avoid excessive contamination by PE, in each injection the sample size of the
lipid extract was limited to 360 ug of total phospholipids. PMME and PDME
peaks were collected from the effluent. Collections from several injections were
combined, evaporated to dryness under nitrogen, and redissolved in 30 ul of
chloroform. It was injected for the second time into the chromatograph for the
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TABLE II

ANALYSIS OF PMME AND PDME IN THE RAT LIVER AND BRAIN EXTRACTS

The values are the amount of each lipid per mg of total phospholipids in lipid extracts. They
are mean + S.D. obtained from three rats. The method of analysis was described in the text

and Fig. 3. PE, PMME and PDME peaks were collected from the effluent and quantitated by
measuring the lipid phosphorus with malachite green {11}.

Liver Brain
PE 0.28 =+ 0.01 mg 040 £+ 0.03 mg
PMME 0.60 =+ 0.04 ug

0.76 + 0.17 pg* 050 + 0.08 ug*
PDME 1.00 = 0.16 ug 1.94 + 0.20 pg

*Lipid quantitated by Dns derivatization [12].

removal of PE contamination (Fig. 3c). Identities of the isolated materials,
PMME and PDME, were confirmed by comparing their retention times with
those of the '*C-labelled phospholipids of the reaction products in the phos-
phatide methyltransferase assay as described in the next experiment. Table II
shows the results of analysis of PE, PMME and PDME in the rat liver and brain
extracts. The liver results are in general agreement with those obtained by TLC
method as reported by Katyal and Lombardi [17]. We have previously de-
scribed an HPLC procedure for the analysis of amino group-containing phos-
pholipids in tissues [12]. It involves Dns derivatization of phospholipids follow-
ed by HPLC separation of fluorescent derivatives. The usefulness of this pro-
cedure for the analysis of methylated phospholipids is limited, because the
gradient elution does not separate Dns-PMME from Dns-PE, and because PDME
cannot be derivatized with Dns. However, after PMME has been isolated from
the tissue extract and PE contamination removed, dansylation can be used for
the quantitation of PMME. The major advantage is that because of its sensitivi-
ty the effluent collected from only one single injection of the lipid extract is
sufficient for quantitation. Table II shows that PMME values obtained by mea-
suring lipid phosphorus with malachite green and by the derivatization proce-
dure were in agreement. ’

Analysis of reaction products in methyltransferase assay

Experiments were performed in order to determine the usefulness of HPLC
in the assay of phosphatide methyltransferases. Intermediates and the product
of the methylation pathway in the biosynthesis of PC from PE were labelled
by [methyl'*C]SAM using liver homogenates. Previous studies [4, 6, 7] using
TLC and HPLC revealed that the labelled reaction products in the assay mix-
ture were PMME, PDME and PC. PE was not significantly labelled. With the
method described here the chromatogram of lipid extract (Fig. 4d) shows four
peaks of radioactivity. Under the same chromatographic condition, we also in-
jected into the chromatograph separately mixtures of PE, PMME and PDME
derived from various sources (Fig. 4a, b and c). The comparison of these chro-
matograms shows that radioactivity peaks A, B, C and D corresponded to SF,
PC, PMME and PDME, respectively. Phospholipids from different sources show-
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Fig_4_ HPLC analysis of the *C-labelled lipids of reaction products in the methyltransferase
assay mixture, and its comparison with the chromatographic patterns of methylated phos-
pholipids from various sources. Chromatographic conditions: isocratic elution with ace-
tonitrile—methanol—water (110:65:3, v/v/v); flow-rate, 1.5 ml/min. (a) Egg yolk phospho-
lipid mixture, containing approximately 3 ug of PE and 8 ug each of the others; (b) synthet-
ic phospholipid mixture, containing dipalmitoyl PC (15 pg), dipalmitoyl PE (15 gg), di-
palmitoyl PMME (30 pg) and dipalmitoyl PDME (30 ug); (c) rat liver PE, PMME and PDME,
approximately 1 ug each; (d) reaction products in the stepwise methylation of PE to PC in
the rat liver were labelled by [methyl-'*C]SAM in vitro as described under Materials and
methods. The lipid extract of the assay mixture was injected into the chromatograph. The
radioactivity of the effluent was measured. Each dot represents cpm in a 30-sec collection of
effluent.
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ed variations in the retention fime and the peak shape. This is evident particu-
larly in the elution of PDME. This most likely reflected the influence of fatty
acid composition on the retention time.

DISCUSSION

The packing material, pBondapak NH,, contains amino groups chemically
bonded to silicas (—Si—R—NH,). It is a weak anion exchanger (pKy, 6.5) when
the pH of the maobile phase is 5.0 or below, but in this present study it was
used in a partition mode to separate phospholipid components. The choice of
this stationary phase was based on the rule, like-attracts-like. Indeed, ethanol-
amine-containing phospholipids were eluted from the column much later than
cholinecontaining phospholipids. When the column was new, the differing
retention by the stationary phase between choline-containing and ethanol-
amine-containing phospholipids was so great that gradient elution was required
for a rapid separation of all of the methylated phospholipids in a single run.
However, with increasing use of the column, the retention of ethanolamine-
containing phospholipids decreased gradually. In contrast, the retention of
cholinecontaining phospholipids was increased. It became feasible to use a low-
polarity solvent to elute all of the methylated phospholipids isocratically. This
most likely was due to a decrease in the number of amino group functionality
on the stationary phase resulted from either deactivation of the amino function
by peroxides, ketones and aldehydes or the slow accumulation of organic com-
pound contaminants. ’

The reduction in amino group functionality on the stationary phase enables
lipid components to be analyzed by chromatography using isocratic elution
without needlessly long separation times. Compared with the analysis using
gradient elution, isocratic technique not only is faster, but also avoids a steep-
ly sloped baseline. UV detection with a straight baseline is a prerequisite for
operating the chromatograph at maximum sensitivity. A brand new gBondapak
NH, column was unsuitable for the simultaneous analysis of choline- and
ethanolamine-containing phospholipids in tissue extracts, because gradient elu-
tion precluded the use of high-sensitivity detection (Fig. 1b). In this present
study it was necessary to operate the chromatograph at high sensitivity,
because contents of PMME and PDME were very low. For this reason, we did
not consider the deactivation and the reduction of amino group functionality
in the early stage of the column life to be undesirable. However, after a column
has been deactivated to the extent that isocratic elution technique becomes
applicable, precautions must be taken to avoid contamination and prevent
further reduction in amino group functionality. To minimize the change with
time in separation patterns, sample purification prior to HPLC analysis with
Sep-Pak silica gel cartridges (Waters Assoc.) and cleaning of the column after
use by washing with organic solvents (see Materials and methods) are effective
and good practices. The use of a guard column which is changed regularly
prolongs the column life, provided that it is packed with suitable material. We
have observed that the packing material for guard column recommended by the
vendor (Waters Assoc.), Bondapak AX/Corasil, broadens the PE peak. This may
be related to the fact that Bondapak AX/Corasil, a strong anion exchanger,



248

ionizes in a2 pH range from 1 to 13. This is incompatible with an analytic col-
umn which operates in a partition mode.

Because of the different fatty acid composition, phospholipid component
derived from various sources may show variations in retention time. This is evi-
dent particularly in the elution of PDME and lyso-PE. The tentative identifica-
tion of chromatographic peaks based on retention times, the elution order and
relative abundance of phospholipids in tissues should be confirmed by other
independent methods. In this present study the identity of peaks was confirm-
ed by the following methods: (a) the exposure of lipid extracts to hydrogen
chloride fumes caused the peaks corresponding to PC and PE to decrease, while
peaks corresponding to lyso-PC and lyso-PE appeared (Fig. 2); (b) peaks corre-
sponding to PE, PMME and lyso-PE were collected and confirmed by Dns
derivatization and a second HPLC with fluorescence detection [12]; and (c)
putative PC, PMME and PDME peaks in the chromatogram of rat liver were
confirmed by comparing their retention times with those of the radiolabelled
phospholipids of the reaction products in the phosphatide methyltransferase
assay (Fig. 4). Previous TLC and HPLC studies {4, 6, 7] have shown that only
these three phospholipids became radiolabelled in the assay.

Kiuchi et al. [18] previously used flame ionization detection, a uBondapak
NH, column and an isocratic solvent system of chloroform—methanol—water
to separate lipid mixtures. Using a solvent proportion of 75:25 :4 (v/v/v), the
order of lipids eluted were triglycerides, phosphatidic acid, PC, phosphatidyl-
glycerol, PE, PS and PI. Hanson et al. {19] previously performed HPLC of egg
volk lipids with a similar amine column, Ultrasil-NH, (Altex, Berkeley, CA,
U.S.A.). Using gradient elution of hexane—isopropanol—water mixtures they
separated the lipid extract into neutral lipids, PC, SPH, lyso-PC and PE frac-
tions. PS and PI were not eluted. Comparisons of these previous methods which
also employed amine columns with the method described here reveal similarity
in the order of phospholipid elution.

In the biosynthesis of PC from PE, PMME is the product of methyltransfer-
ase I, while PDME and PC are the products of methyltransferase II. HPLC
offers an easier and more accurate method for analyzing the reaction products
in phosphatide methyltransferase assays than TLC. With the method described
here the dynamics of phospholipid methylation in cellular activation can be
more readily studied. The method is also well suited for the quantitative analy-
sis of methylated phospholipids and plasmalogens in tissue extracts. For the
quantitation of phospholipid components previous investigators [20] suggested
that specific peaks are collected and quantified by the analysis of phosphorus.
Being sensitive and non-destructive, UV detection is ideal for monitoring the
separation of lipids by HPLC. Approximately 1 ug of phospholipid can be
detected. However, it is complicated to use UV response directly for lipid
quantitation. UV absorption by lipids at the 200-nm region is due largely to the
presence of double bonds [20]. The absorption by other functional groups,
such as ester carbonyl and amino, also occurs, but it is small in extent. PS and
PI possibly were retained by the stationary phase and could not be eluted with
an amine column and the solvent systems described in this report. With a differ-
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ent solvent, chloroform—methanol—water (75:25:4, v/v/v), PS and PI were
eluted behind PE as reported by Kiuchi et al. [18]. They also can be analyzed
by HPLC using the methods that we reported previously [12, 21].
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