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SUMMARY 

Phosphatidylethanolamines were converted into the N-acetyl-O-methyl or 
N-benzoyl-O-methyl derivatives by treatment with acetic anhydride/benzoyl chloride 
and diazomethane, Methods for the separation of these derivatives by argentation 
thin-layer chromatography and reversed-phase partition thin-layer chromatography 
are described. The procedure is especially advantageous for the analysis of phospha- 
tidylethanolamines that are radioactively labelled in the ethanolamine moiety. 

INTRODUCTION 

Several methods for the separation of molecular species ofphosphatidylethanol- 
amines are available, including argentation chromatography, reversed-phase partition 
chromatography and countercurrent distribution (for a recent review, see ref. 1). 
Argentation chromatography of intact phosphatidylethanolamines separates only 
major species2’“, whereas more detailed resolution is obtained after conversion to di- 
acylacetylglycerols5*6, diacylglycerols ‘, dimethyl phosphatidates* or N-dinitrophenyl- 
O-methyl derivati<esg. Only the last derivative contains the ethanolamine part of the 
molecule, but because of colour quenching of the liquid scintillation process it is 
unsuitable for the analysis of phosphatidylethanolamines that are radioactively 
labelled in this part of the molecule. For this analysis we have developed a method 
for the separation of ethanolamine phosphoglycerides as N-acyl-O-methyl derivatives 
by adsorption chromatography, argentation chromatography and reversed-phase 
partition chromatography. 

MATERIALS AND METHODS 

Preparation of IV-acetyl-0-methylplrospkatidylethanolamines 
Ethanolamine phosphoglycerides from different sources were extracted ac- 

cording to the method of Folch et al.” and were isolated by thin-layer chromatography 
(TLC) on Silica Gel H (Merck) plates (developing solvent: chloroform-methanol- 
water, 70: 30: 5). 2,6-Di-levt.-butyl-p-cresol (0.05%) was added to the lipid extracts 
and also to the lipid samples in other procedures. After elution from the silica gel 
and washing2, the phospholipid (up to 10 pmoles) was dissolved in 2 ml of freshly 
distilled chloroform (free from alcohol). Triethylamine (0.1 ml) and 0.1 ml of acetic 
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anhydride were added and the mixture was allowed to stand.for 2 h at room tempera- 
ture. After two washes with 3 ml of methanol-O.1 M HCI (1: 3) and two washes with 
3 ml of methanol-water (1: I), the chloroform solution was evaporated to dryness 
under a stream of nitrogen and the residue was dissolved in 5 ml of methanol-diethyl 
ether (5:95). A l-ml volume of 0.2-0.3 M diazomethane, freshly prepared from 
N-methyl-N-nitrosotoluene-4-sulphonamidet’, was added. After 30 min at room 
temperature, the solvent was evaporated and the phospholipid was dissolved in 
chloroform. N-Acetyl-0-methylphosphatidylethanolamines were isolated by TLC on 
Silica Gel H with chloroform-methanol-acetic acid (96: 4: 0.5) as developing solvent 
(RF approximately 0.4). . 

Preparation of N-be~~zoyl-O-met/~ylplrosphatidyfct~~a~~oIa~~~i~~cs 
Phosphatidylethanolamines (up to 10 pmoles) were dissolved in 2 ml of freshly 

distilled chloroform. Triethylamine (0.1 ml) and benzoyl chloride (0.01 ml) were 
added and the mixture was allowed to stand at room temperature for 2 h. Thereafter, 
the procedure was carried out as for the preparation of the N-acetyl-O-methyl de- 
rivatives, except that the developing solvent for TLC was chloroform-methanol 
(98: 2). We also tried to separate the diacyl derivative from the I-alkyl-2-acyl and the 
I-alk-1-enyl-2-acyl derivatives. Ethanolamine phosphoglycerides from bovine brain 
were treated in the same manner with benzoyl chloride and diazomethane. The lipids 
were applied to a silica gel plate, which was developed approximately ten times in 
benzene-chloroform-methanol (70: 30: 2). This procedure gave a clear separation 
between the diacyl derivative and the I-alk-1-enyl-2-acyl derivative, which was 
identified by its lability to acid “. When the N-benzoyl-O-methyl derivatives of brain 
ethanolamine phosphoglycerides were hydrogenated over PtOz (ref. 13) and chromato- 
graphed as above, a spot with an RF value between those of the diacyl and the l-alk- 
1-enyl-2-acyl derivatives was visible, probably representing the I-alkyl-2-acyl deriva- 
tive. This separation is very similar to that obtained with N-djnitrophenyl-o-methyl- 
ethanolamine phosphoglycerides’“. 

Argentation chromatography 
Thin-layer plates (20 x 20 cm and 0.5 mm thick) containing 17.5 g of AgN03 

per 100 g of Silica Gel H were activated at 170” for 2 h and stored over PZ05. N- 
Acetyl-0-methylphosphatidylethanolamines or N-benzoyl-O-methylphosphatidyl- 
ethanolamines in chloroform solution were applied to the plate (approximately 
0.5 pmole/cm). The developing solvents are given later in Figs. 1 and 2. After chroma- 
tography, the phospholipid fractions were eluted, washed with 0.5% NaCl in 1: 1 
methanol-water2 and analyzed for fatty acid composition. They were quantitated 
by gas-liquid chromatography after the addition of pentadecanoic acid as internal 
standardIs. The identity of the major fatty acids (> 3% in total rat liver phosphatidyl- 
ethanolamines) was checked by comparison with authentic standards obtained from 
the Hormel Institute. Minor components were identified by comparison with publish- 
ed values of relative retention times”. 

Reversed-phase partition chromatography 
Kieselguhr G plates (20 x 20 cm and 0.5 mm thick) were activated at 120” 

for 1 h and stored over P20s. Immediately before use, they were impregnated with 
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undecane by developing in 7.5% undecane in light petroleumL7’. The N-acetyl-O- 
methylpl~osphatidylethanolamines isolated by argentation chromatography were 
dissolved in chloroform and were applied to the plate as a band (15-25 ,ug/cm). 
The developing solvent was methanol-water (85: 15), 70% of which was saturated 
with undecane. After development at 20-25”, 
a white background18 

the grey bands visible against 
were eluted with 12 ml of chloroform-methanol (2: 1). A 

volume of 4 ml of 1% NaCl was added and the chloroform phase was washed with 
methanol-water (1: 1). 

OtJter metlrods 
Liquid scintillation counting was performed as described elsewheretg. Phos- 

phorus was determined according to the method of Chen et ~1.~~. 

RESULTS AND DISCUSSION 

The efficiency of the conversion into N-acyl-O-methyl derivatives was checked 
with liver phosphatidylethanolamines isolated from rats injected with [‘“Clethanol- 
aminetg. After treatment with acetic anhydride and diazomethane, 92-1O4o/o of the 
original phosphatidylethanolamine radioactivity was recovered from the thin-layer 
plate, of which 97-98% was located in the only visible spot. The corresponding figures 
after treatment with benzoyl chloride and diazomethane were 95-102 and 96-97%, 
respectively. We also investigated whether diacyl-lipids that could possibly contami- 
nate phosphatidylethanolamines after chromatographic isolation in different systems 
gave rise to derivatives migrating as N-acetyl-0-methylphosphatidylethanolamines. 
Less than 2% of the original phosphorus in phosphatidic acid or phosphatidylserine 
migrated as this derivative when treated with acetic anhydride and diazomethane. 
Dimethytphosphatidates can be formed when different phospholipids are treated 
with diazomethane8*21. These compounds, prepared from phosphatidic acidsI’, had 
a higher &value than those of the N-acetyl-o-methyl- and N-benzoyl-O-methylphos- 
phatidylethanolamines. Insignificant amounts of radioactivity were recovered as 
dimethyl phosphatidates when phosphatidylethanolamines labelled with L3H ]- 

TABLE I 

FATTY ACID COMPOSITION IN DIFFERENT DERIVATIVES OF RAT LIVER PIIOS- 
PWATIDYLETHANOLAMINES 

A sample of rat liver phosphatidylcthanolamines was divided into three portions. Two of them 
were converted into N-acetyl-Oimethyl or N-benzoyl-O-methyl derivatives, and purified by TLC 
as described in the text. 

Derivative . . I;a!fy &id composition (mole-%) 

16:O 18:0 J8:l J8:2 20:3 20:4 20:s 22:s 22:6 

Original phosphatidyl- 
ethanolamine 

N-acetyl-O-methyl 
N-benzoyl-0-methyl 

19.8 23.2 4.9 9.3 1.0 25.5 0.7 2.3 13.2 
20.2 23.1 4.7 9.0 1.1 25.9 0.6 2.3 13.1 
20,l 23.2 5.8 9.3 1.1 24.9 0.8 2.1 12.8 
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glycerol were treated with benzoyl chloride and diazomethane. The fatty acid com- 
position of the phosphatidylethanolamine derivatives was the same as that in the 
original phospholipid (Table I), indicating that no selective loss of fatty acids during 
derivatization took place. 

The separation on AgN03-containing plates is shown in Figs. 1 and 2 and a 
quantitative analysis of rat-liver phosphatidylethanolamines is given in Table II. 

Fig. 1. Separation of phosphatidylcthanolamines as N-acetyl-O-methyl derivatives by argentation 
chromatography. Phosphatidylethanolamines from the following sources were separated: 1 ‘egg 
yolk; 23commercial soyabean lecithin; 3 = hydrogenated e8g yolk phosphatidylethanolamines; 
4=rat liver. Developing solvents: A,chloroform-methanol(95: 5): B, the plate was first developed 
for 10 cm in chloroform-methanol-water (80: 15:2) and then for 17 cm in chloroform-methanol 
(97:3). The spots wcrc rendered visible by spraying with 20% NH.IHSO.I solution” and heating at 
120”. The fatty acid content in each band is indicated by the abbreviations at the left-hand side. 
Abbreviations: S=saturated; M= monoenoic; D= dienoic; T= tetraenoic; P= pentaenoic; 
H- hexaenoic. The two bands below the dienoic-dienoic fraction in the soyabean sample contain- 
ed dienoic and trienoic fatty acids. 

Fig. 2. Separation of phosphatidylethanolamincs as N-benzoyl-O-methyl derivatives by argentation 
chromatography. The sourcesof phosphatidylethanolamines wereas in Fig. 1. Developing solvents: 
A, chloroform-methanol (96:4); B, the plate was first developed for 10 cm in chloroform- 
methanol-water (90: 10: 1) and then for 17 cm in chloroform-methanol (98: 2). Abbreviations as 
in Fig. 1. 
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Development of the plate in one step yielded separations very similar to those reported 
for diacylacetylglycerolssg6, diacylglycerols’, dimethyl phosphatidates* and N- 
dinitrophenyl-O-methylphosphatidylethanolaminesg. Two-step development (Figs. 
lb and 2b) also resolved the fractions with 4-6 double bonds and was therefore used 
in metabolic studies of radioactively labelled rat liver phosphatidylethanolamineslg. 
The composition of phosphatidylethanolamines in this organ (Table II) was similar 
to that found by other workers2g22-24. Th e calculated fatty acid composition of total 
phosphatidylethanolamines, obtained by summing the fatty acid contents in the 
individual fractions, was in excellent agreement with that of the starting material. 

The three major fractions of rat liver phosphatidylethanolamines contained 
approximately 50% each of one unsaturated fatty acid and palmitic acid plus stearic 
acid. They were further resolved into two fractions by reversed-phase partition TLC 
(Table III). The isolated fractions contained almost exclusively one saturated fatty 
acid and one unsaturated fatty acid. Therefore they are practically unimolecular, as 
the positional distribution of fatty acids is highly specific with unsaturated fatty 
acids at position 2 and saturated fatty acids at position 1 (refs. 3 and 24). This proce- 
dure seems to be the only published method for such a resolution by reversed-phase 
partition TLC of phosphatidylethanolamines with the ethanolamine part of the 
molecule retained. Similar separations of derivatives devoid of this part of the mole- 
cule, such as dimethyl phosphatidates’7’25 and diacylacetylglycerols”, have been 
reported. The separation of phosphatidylethanolamines with a retained ethanolamine 
moiety according to the chain-length of the saturated fatty acids can also be accom- 
plished by countercurrent distribution of the N-dinitrophenyl-O-methyl deriva- 
tives26*27 . 

The procedures described in this paper are complementary to other methods 
for phosphatidylethanolamine analysis. We have found them to be at least as rapid 
and simple as the methods that involve conversion to diacylacetylglycerols and 
dimethylphosphatidates. The main advantage of the method is the possibility of 
detailed resolution of phosphatidylethanolamine mixtures that are labelled in the 
ethanolamine moiety. If radioactively labelled acylating agents are utilized, the 
procedures can be used as a simple method for the quantitation of individual phos- 
phatidylethanolamines, as described for phosphatidylinositols28. 
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