Journal of Chromatography, 208 (1981) 398403
Elsevier Scientific Publishing Company, Amsterdam — Printed in The Netherlands

CHROM. 13,639

Note

General method for the analysis of phosphatidylcholines by high-per-
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Individual molecular species of phosphatidylcholnes (PCs) have been ana-
lyzed by a number of methods, e.g., reductive ozonolysis!, argentation thin-layer
chromatography (TLC)~, enzymatic procedures coupled with gas chromatography
(GC)3, counter-current distribution*, Sephadex column chromatography® and cryo-
TLCS. The major problems encountered with these methods include low resolution,
poor reproducibility, long separation time and difficulty of quantitation.

Although reversed-phase high-performance liquid chromatography (HPLC)
has been used for the separation of fatty acid methyl”® and aromatic®'! esters,
separation of individual molecular species of the higher-molecular-weight zwit-
terionic PCs and other phosphoglycerides has been limited*>'3. A few reports exist
on the HPLC separation of PCs from other lipid classes'*!% and from classes of other
phosphoglycerides!s™8,

We report a simple and universal method for the separation and identification
of multiple molecular species of egg PCs. The method involves the preparation and
HPLC of phosphatidic acid dimethyl esters (compounds 3, PAMEs), which are read-
ily and quantitatively obtained by enzymatic hydrolysis of parent PC (compounds
1) and subsequent esterification of the phosphatidic acid molecules (compounds 2)
with diazomethane (Fig. 1).
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Fig 1 Preparation of phosphatidic acid dimethyl esters from phosphatidylcholines.
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EXPERIMENTAL

Chemicals and derivatization procedure

Single molecular species of PCs (standards) were obtaired from Serdary Re-
search Labs. (London, Canada) or were synthesized by adapting published meth-
0ds!?:2°, Egg PC was isolated and purified from fresh hen eggs by alummum oxide
chromatography as described by Singleton er al.*'. Fully hydrogenated PCs were
prepared by catalytic hydrogenation of isolated natural egg PCs in chloroform-
ethanol (1:1) over platinum oxide at room temperature and 50 p.s.i. The reduced egg
PCs were purified by preparative TLC (chloroform-methanol-water, 65:25:4). The
completeness of the hydrogenation was determined by gas-liquid chromatographic
analysis of the methyl esters derived upon saponification of the corresponding parent
PC molecules and esterification of the fatty acids.

PAMEs were prepared from standard and egg PCs by both direct (diazometha-
nolysis, Fig. 1, 1 — 3) and indirect (phospholipase D/CH,N,, Fig. I, 1 — 2 — 3)
methods according to Renkonen?2. The identities of the PC and PAME molecules
were checked and confirmed by proton magnetic resonance spectral (*HH NMR) anal-
ysis (Fig. 2); the homogeneities of each of these molecular classes also were confirmed
by TLC. a
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Fig. 2 270 MHz 'H NMR spectrum of PAMEs derived from egg PCs. Resonances at 6 (C*HCl,) 086
(CH,), 1.30 (CH,), 1.51 (CH=CHCH,CH,, CH,CH,CO), 2.00 (CH =CHCH.), 2 29 (CH,CO0), 2.79 (CH

=CHCH,CH =CH), 3 69 (POCH;), 3 92-4 20 (POCH,, CH,0CO), 5 14 (CHO), 5.28 (CH=CH) ppm

Instrumentation and hipid analysis

HPLC analyses were done with a Model ALC 202 liquid chromatograph
(Waters Assoc., Milford, MA, U.S.A.) equipped with a M6000 pumping system and a
R401 differential refractometer. A Pye LCM2 flame-ionization detector (Philips Elec-
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tronics Inst., Mahwah, NJ, U.S.A.) also was employed. Partisil 10 ODS and Partisil
10 ODS-2 columns (Whatman, Clifton, NJ, U.S.A.) were used separately for re-

versed-phase chromatography. Acetonitrile and methanol were purchased from Bur-
dick and Jackson Labs. (Muskegon, MI, U.S.A.). The HPLC conditions, including
mobile phase, flow-rate, pressure and sample type are given in the legend of respectlve
figures. The total fatty acid compositions were determined by GC of the correspond-
ing methyl esters following saponification and methylation?>. The GC analyses were
carried out isothermally (195°C) on a column (6 ft. x 1/8in. O.D.)of 109, SP-2330 on
Chromosorb W AW (Supelco, Bellefonte, PA, U.S.A.) using a HP Model 5750 gas
chromatograph (Hewlett-Packard, Paramus, NJ, U.S.A.). Quantification of chro-
matographic peak areas was determined using a Hewlett-Packard 3380A digital in-
tegrator. High-resolution 'H NMR spectra were obiained with a Bruker 270-MHz
NMR spectrometer at Yale University, New Haven, CT, U.S.A.

RESULTS AND DISCUSSION

The 'H NMR spectrum (270 MHz) of PAME:s derived from egg PCs is shown
in Fig. 2. The doublet at 6 3.69 (POCH,;) and the absence of resonances at é 3.31 and
0 3.83 [CH;);N™, CH,N " (CH;),] diagnostic of precursor PCs proved unequivocally
the identity of the PAME molecules®?. The total fatty acid compositions of egg PCs
and their corresponding PAMEs are presented in Table I. The principal-fatty acids of
egg PCs in order of decreasing amounts were 18:1, 16:0, 18:2 and 18:0. Since little
change was found in the total fatty acid composition of PAME:s after conversion of
the PC molecules to their respective PAME derivatives (Table I), the PAME mole-
cules can be considered as authentic representatives of original individual molecular
species of intact PCs. Baer and Maurukas®* and Crone>® have reported preparation
of PAME:s directly by reaction of PCs with diazomethane (Fig. 1). Since formation of
fatty acid methyl esters*® and other side products may be expected under such reac-
tion conditions, the indirect method, 1.e., enzymatic hydrolysis of parent PCs fol-
lowed by methylation of the corresponding phosphatidic acids with diazomethane is
preferred, especially when derivatizing highly unsaturated molecular species.

TABLE 1
COMPARISON OF THE TOTAL FATTY ACID COMPOSITIONS (MOLE-9)) OF EGG PC AND
EGG PC-DERIVED PAMEs

Farty acid PC (%) = SD,n=4 PAME (9,) = S.D.,n = 4
16 O* 302 + 34 306 + 2.8
16-1 35+£05 48 +05
18.0 109 + 08 115212
18 1 348 + 41 344 + 50
18 2 183 £ 1.5 17.1 &+ 20
20 4 23 +02 16 £05

* Chemical notation 16 0 designates 16 carbons and zero double bonds

A HPLC separation of PAME:s derived from egg PCs is shown 1n Fig. 3. The
major components of the three peaks, identified by comparison of their retention
times with those of known synthetic standards, were: 16:0/18:2-PAMEs (peak 1),



NOTES 401

16:0/18:1-PAMES (peak 2) and 18:0/18:1-PAMESs (peak 3). The observed separation
was related to both the carbon chain length and the degree of unsaturation of the two
fatty acyl chains in the PAME molecules. Acetonitrile—water (94:6) gave a similar
separation of the three peaks except for slightly longer retention times. .
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Fig 3 HPLC separation of PAMESs dernived from egg PCs Column, Partisil 10 ODS, mobile phase,
methanol-water (96 4) Flow-rate, 2 ml/min at 900 ps1g Detection, refractive index x32 For com-
position of component peaks, see text

An 1dentical separation of egg PAMESs was obtained using Partisil 10 ODS-2 as
stationary phase and methanol as the eluent; these conditions resulted in slightly
longer retention times of all three peaks. Under these chromatographic conditions,
three fractions corresponding to the peaks of flame-ionization detection were col-
lected following their separation by HPLC and pooling from ten independent runs; it
was preferable to use a Partisil 10 ODS-2 column and methanol because it was easier
to recover each fraction by evaporating methanol rather than methanol-water. The
total fatty acid composition of each PAME fraction is compiled in Table II. Fraction
1 (F-1) consisted of PAME molecules having several combinations of paired fatty
acyl chains with the major species being 16:0/18:2-PAMESs. F-2 consisted mainly of
16:0/18:1-PAMESs and 18:0/18:2-PAMESs; F-3 was comprised almost exclusively of
18:0/18:1-PAMEs with minor amounts of 16:0/20:4- and possibly 18:1/18:1-PAMEs.
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TABLEII

TOTAL FATTY ACID COMPOSITIONS (MOLE-%) OF EGG PAME FRACTIONS (F) SEPA-
RATED BY HPLC

Values are the means of two independent determinations.

Fatry acid F-1 F-2 F-3
16 0 410 + 41 375 + 54 24 + 09
16 1 64 +25 - -
180 02 +04 66 +18 451 + 24
181 102 +£ 25 481 + 4.5 501 +36
18 2 383 +48 63+19 -
20 4 39 15+04 24 + 1.1

A HPLC chromatogram of PAMESs obtained from hydrogenated egg PCs is
shown 1n Fig. 4. The same Partisil 10 ODS column that was used for non-hydro-
genated PAMESs (Fig. 3) but with a different solvent system (acetonitrile-water, 95:5)
was employed. The identification of peak 1 (16:0/18:0-PAMEs:), peak 2 (18:0/18:0 +
16.0/20:0-PAMEs) and peak 3 (18:0/20.0-PAMESs) was established by spiking with
synthetic standards and from data obtained with non-hydrogenated PAMEs (Fig. 2).
Since 16:0/18:2- and 16.0/18:1-PAMESs were the major molecular species of peaks 1
and 2, respectively (Fig. 3), it is evident that the major molecular species of the
corresponding hydrogenated PAMEs should be 16:0/18:0-PAMEs (Fig. 4). The sep-
aration was based on the total carbon numbers of the two esterified fatty acyl chains
within the disaturated PAME molecules. Elution with acetone or acetomitrile-meth-
anol reduced the retention times of disaturated PAMEs, resulting 1n poorer reso-
lution.
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Fig 4 HPLC separation of PAMEs denived from hydrogenated egg PCs Column, Partisil 10 ODS.
Mobile phase, acetomtril-water (95 5) Flow-rate, 2 ml/min at 900 p.s...g Detection, flame-1onization x
32. 16°0/18.0 refers to 2 PAME molecule (3, Fig. 1) having R, = 16.0 and R, = 18 0 at the sn-1 and sn-2
positions, respectively
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In this work, PAMESs were chosen as target molecules for preliminary investi-
gation of the development of a simple and universal method for the separation and

identification of individual molecular species of naturally occurring phosphoglycer-
1des?® by HPLC. The main reasons for this are: molecular species such as PAMEs are
more eﬁimently resolved than are PCs and, most likely, other classes of phosphoglyce-
rides and phosphoglyceride-derived 1,2-diglyceride acetatesz-”' phosphatidic acids
also may be readily converted to other phosphate triesters?’ suitable for enhancing
sensitivity; PAMEs or other phosphate triesters can be prepared from different
classes of phosphoglycerides such as phosphatidylethanolamine, phosphatidylserine,
phosphatidylglycerol and phosphatidyhnositol, etc.; the derivatization conditions for
making PAMESs from parent PCs are mild, and acyl migration which can occur
during the formation of diglycenide acetates® is circumvented; and, the phosphorus
atom would be retained in PAMESs or other phosphate triester molecules, thus per-
mitting use of *?P-labelled phosphoglycerides for appropriate metabolic studies.
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