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SUMMARY

-

A two-dimensional reaction thin-layer chromatography procedure on micro-
samples of mixtures of alkenyl acyl and diacyl phosphatides has been described by
which it is possible to determine simultaneously their plasmalogen content, the fatty
acid composition of individual analogs and the fatty aldehyde composition of the

alkenyl acyl analog

INTRODUCTION

In nature the phosphatide plasmalogens are always accompanied by their diester
analogs!. The separation of these analogs in native form from one another by either
chemical means? or chromatographic techniques! reportedly has failed because of the
slight structural difference between them.

Although methods for obtaining pure phosphatide plasmalogens by either
selective enzymatic®? or chemical hydrolysis®@ are available, the resulting compounds
do not represent the native plasmalogens in composition, because some hydrolysis of
the plasmalogens always occurs during these treatments. Hence methods to determine
the plasmalogen content4:8-1% and the fatty acid and aldehyde (only in plasmalogens)
compositionl4 of these analogs in a mixture were sought. _

- Recently!:15 we developed a preparative reaction thin-layer chromatoglaplnc
method for determining simultaneously the plasmalogen content and the fatty acid
and. aldehyde composition of mixtures of alkenyl acyl (plasmalogen) and diacyl
ethanolamine phosphatides from hog tissues. The main reason for working on a prepa-
rative scale was to devise a method to obtain enough material of methyl esters and
aldehydes for structural analysis. However, the methyl ester composition determined
by this procedure represented the mixture of alkenyl acyl and diacyl ethanolamine
phosphatides rather than the individual analogs.

* In the present communication we describe a two-dimensional reaction thin-layer
chromatographic procedure by which we determined not only the plasmalogen content
of micro samples of a mixture of alkenyl acyl and diacyl ethanolamine phosphatides
from beef heart but also the fatty acid composition of the individual analogs and the
fatty aldehyde compos1t10n of the alkenyl acyl analogs.
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EXPERIMENTAL

Prepamtzon of thm-layer ;blates - : R
Glass plates (20 cm X 20 cm) were coated w1th a well stirred : aqueous suspension
of Silica Gel G (30 g in 60 ml water) using a thin-layer apphcator (Desaga, He1de1berg)
This produced a layer that was approx1mate1y 250 @ in thickness. The plates after air-
drying at room temperature for r5~30 min, were actlvated 1n an air-oven at IIO
for x h. :

Solvents
All the solvents used were of reagent grade quahty Absolute methanol was used
for preparing 129, methanolic potassium hydroxide solution.

Preparation of sample :

' A mixture of alkenyl acyl and diacyl ethanolamme phosphatldes from beef heart
lipids was obtained by preparative thin-layer chromatography (TLC)18 on Silica Gel G
plates using chloroform-methanol-concentrated ammonia (70:30:5) as the developing
solvent. The isolated sample was shown to be essentially devoid of contaminants by
TLC using the above cited system; and its infrared absorption spectrum, except for
an additional absorption at 6.0 u, showed all of the absorptions typical of a sample of
diacyl ethanolamine phosphatide??.

Two-dimensional thin-layer chromatography

A mixture of alkenyl acyl and diacyl ethanolamine phosphatides (250 to 1000 ug)
was spotted as a chloroform solution at A, the lower left hand corner of a thin-layer
plate. The same amount was also spotted at B, the lower right hand corner of the same
thin-layer plate (Fig. 1).. After removing the chloroform from these spots with a stream
of dry nitrogen, the phosphatlde spots were exposed to fumes of concentrated hydro-
chloric acid for 2.5 min (Fig. 2). The excess hydrochloric acid was removed with a
stream of dry nitrogen and the spots were exposed to ammonia fumes for 2 min. The
excess ammonia from the spots was removed with a stream of dry nitrogen and then
the plate was developed to a height of 14 cm in a TLC chamber containing chloroform-—
methanol-concentrated ammonia (70:30:5) as the developing solvent. The plate was
removed from the TLC chamber and dried with a stream of dry mtrogen ‘A strip,
4 cm wide at the right side of the plate (Fig. 1), was sprayed with a 59, solution of
iodine in chloroform which exhibited the positions of the liberated aldehyde (c), (spot
almost at the solvent front) and the lyso-(z-acyl) (a) and diacyl ethanolamine phos-
phatides (b), with approximate Ry values 0.20 and 0.45, respectively. The position
correspondmg to the aldehydes (c) liberated by the ethanolamine phosphatides at A
- was scraped off with a razor blade and after extracting with diethylether, the aldehydes
were analyzed by GLC8, A strip 4 cm wide at the left side of the plate was then sprayed
with a: solution of 129, potassium hydroxide in absolute ‘methanol for methanolysis
of the phosphatide!® and then dried with a stream of dry nitrogen in a TLC chamber
~ containing calcium’ chloride for 0 min. A solution of an internal’ standard—rnethyl
heneicosanoate—was spotted at'the spots corresponding to lyso and diacyl ethanol-
amine phosphatides on the left hand strip. The amount of internal standard used for
the lyso derivative was always half of that used for the diacyl analog for two reasons:
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(1) the alkenvl analog and the diacyvl were present in approximate equal amounts and
(2) the former should always give 1 ml of fatty acid per mole of the analog while the
latter should give 2 moles of fatty acids per mole of the analog. As reference standard,
methyl linoleate was spotted at the upper lefc hand corner of the plate (C) and after
turning the plate through go was developed (in the second dimension) with toluene
as the solvent. When the solvent rose to a height of 14 ¢, the plate was removed, dried

b o e e e e == . ———— =

Fig. 1. Two-dimensional thin-laver chromatogram ot alkenyl acyl and diacyl cthanolamine phos-
phatides. A, B - Spots containing 250 g of a mixture of alkenyl acyl and diacyl ethanolamine
phosphatides; C methyl linoleate as reference standard ; F--- -+ solvent front for the develop-

t

1

ment in the first dimension; - solventfront for the development in the sccond dimension;
2

a = z-acyl ethanolamince phosphatide (lyso compound); b == diacyl ethanolamine phosphatide;

¢ = aldehyde liberated from alkenyl acyl ¢thanolamine phosphatide; d == methyl esters, reference,
and those from z-acyl and diacyl ethanolamine phosphatides containing internal standards.
Area spraved with a 59 iodine solution in chloroform. 0, Area spraved with a 129
potassium hydroxide solution in absolute methanol. =) . Zonc of Silica Gel G scraped off for
recovering the liberated aldehvdes from alkenyl acyl ethanolamine phosphatide.

with a stream of dry nitrogen and then a strip 4 cm wide on the left side of the plate
(in the second dimension) was sprayed with 59 iodine solution in chloroform. Thus,
having located the position of the reference methvl ester (d) and the reference lyso-
(z-acyl) (a) and diacyl ethanolamine phosphatides (b), the methyl esters (containing
internal standards) liberated by the lvso-(z-acvl) and diacyl ethanolamine phospha-
tides could be located, scraped off and extracted for GLC analysis!é.

Phosphorus estimations were carried out as described by RHEE AND DUGAN?®
using perchloric acid for the digestion.
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Fig. 2. Set-up for two-dimensional thin-layer chromatography. of alkenyl acyl and.diacyl ethanol-
amine phosphatides, Part1 shows the set-up before acid treatment of the ethanolamine phos-
phatide, part 11'the set-up when' the acid treatment was actually in progress. G'= Glass plates
used for supporting another glass plate (T) coated with a layer -of Silica Gel G; F = aluminum
frame; Tg = glass tube slipped over an aluminum rod in the frame F, to prevent: aluminum
reacting with acid fumes; B = beakers containing boiling concentrated hydrochloric acid; H =
hot plate:(on); T = a glass plate coated with a thin layer (250 u) of Silica Gel G. The thin-layer
plate ‘T’ containing the spotted ethanolamine phosphatides was laid on the two glass plates G iu
such a manner that the spots of ethanolamine phosphatides were directly exposed to the fumes
of hydrochloric acid while the rest of the plate was prevented from coming into contact with the
acid fumes. B

RESULTS

The analysis of the methyl esters obtained from alkenyl acyl and diacyl ethanol-
amine phosphatides and the analysis of fatty aldehydes obtained from alkenyl acyl
ethanolamine phosphatides for two different sample sizes are given in Table I. The
samples show good agreement in their composition. ' o ‘

TABLE I

FATTY ACID AND FATTY ALDEHYDE COMPOSITION OF ALKENYL ACYL AND DIACYL ETHANOLAMINE
PHOSPHATIDES FROM BEEF HEART . .

Carbon . - Alkenyl acyl ethanolamine phosphatides = Diacyl ethanolamine

number R ., : o phosphatides .
Pevcent of total Peycent of total’ -  Percent of total
JSatty aldehydes . fatty acids ... . . fatty acids

Sample Sample Samplé Sample Sample Sample
Stze size size size C o stee - size '
500 ug I000 ug 500 ug I000 ug. 500 ug Z000 Mg -

Ci16:0 29.8 20.2 0.4 0.3 . 1.7 2.0
Ci17:Br 3.3 3.2 — — : ' '

Ci17:0 3.3 3.7 —_ —

Ci8:.0 42.6 43.3 1.2 1.5 49.9 48.3
Ci18:1 10.9 11.7 1.5 2.3 5.0 5.0
Ci8:2 6.6 6.6 62.0 60.4 8.7 9.7
Unidentified = 3.6 . S 2.4 R Soe— —_ —
Cz0:3 — — 3.7 4.6 — -
C20:4 —_ — 31.2 30.8 34.7 35.0

.«
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TABLE II v : '
PLASMALOGL‘N CONTENT OF ETHANOLAMINE PHOSPHATIDES FROM BEET HEART
Fatty aczd 'mternal Phosphorus C Wezghmg '
slzmdard method determznatzon T metkad

‘memod ' '
49.9 . . 508 Y % - SR
(Average of two el (Avera.ge of four v (Average of three

deterrmna.tlons s determmatlons)  determinations)
‘each, on two. = - - Lo . :
sa.mple s1zes)

The plasmalogen content of the sample is given in Table II and has been calcu-
lated by three different methods: (1) from the amount of internal fatty acid methyl
ester standard present in the fatty acid methyl esters obtained from alkenyl acyl and
diacyl ethanolamine phosphatides??, (z) from the phosphorus content of 2- acyl and
diacyl ethanolamine phosphatides!3, and (3) from the amounts of dimethyl acetals
and fatty acid methyl esters obtained by cold methanolysis of 100 mg sample as
reported earlier!S. All the three methods show good agreement.

DISCUSSION

The acid hydrolysis of alkenyl acyl ethanolamine phosphatide and the alkaline
methanolysis of 2-acyl and diacyl ethanolamine phosphatide on TLC plates was shown
to be quantitative!®. A modification of that technique!®, as described in this com-
munication, not only made it possxble to determine separately the fatty acid compo-
sition of alkenyl acyl and diacyl ethanolamine phosphatides, but also the plasmalogen
content of the sample either by phosphorus determination of the glyceryl phosphoryl
ethanolamine residues released by the alkenyl acyl and diacyl analogs or by use of a
methyl ester internal standard. This method could also be used successfully on the
mixtures of choline phosphatide analogs.

The technique described by OWENSs?3 in which aqueous mercuric chloride solution
was used to split the vinyl ether linkage of the plasmalogens instead of hydrochloric
acid fumes as described here, could also be used to achieve the same end. However, the
use of agueous spray reagent for hydrolysis purposes necessitated longer reactivation
time for the plates and more rigorous conditions.

In our earlier work?!® we used methanolic hydrochloric acid reagent to hydrolyze
the vinyl ether bond but in the present study fumes from concentrated hydrochloric
acid were found to be equally effective.

This technique thus provides a simple method for characterization of the alkenyl
acyl phosphatides and their accompanying diacyl analogs wh1ch is as effective as the
specific jodination reaction technique?!. :

ACKNOWLEDGDMENT‘

'1 his 1nvest1gatlon was supported in part by a PHS Research Grant No. HE 02774
from the National Inst1tutes of Health, Public Health Service and by the Horme]
Foundation.

T Clwom'atog.; '35 (1968) 6671



TWO-DIMENSIONAL REACTION TLC OF PHOSPHATIDE PLASMALOGENS 71

REFERENCES

1 C.V. VISWA\IATHAN in M. LEDERBR (Edntor) Clwomatog Rev,, Vol 10, Elsevier, Amsterdam,

O 0o 0 bd wn

10
11

13
14
5

16

17
18

19
20

21

1968, p. 18. .

R. FEULGEN AND ln BERSIN Z. Physiol. Chem ., 260 (1939) 217.

G. M. GRAY AND M. G. MACFARLANE, Biochem. J., 70 (1958) 400.

E. L. GoTTFRIED AND M. M, RAPPORT, J. Biol. Chem.. 237 (1962) 3209.

O. RENKONEN, Acta Chem. Scand., 17 (1963) 634.

G. B. ANSELL AND S, SPANNER, J. Neuraahem ., 10 (1963) 941.

W. E. M. LaNDs aND P, HART, Biockim. Biophys. Acta, 98 (1965) 532.

R. FEULGEN, W, BocUTH AND G. ANDERSON, Z. Phystol. Chem., 387 (1951) go.

‘H. RO WARNER AND W. E. M. LaNDS, J. szzd Res., 4 (1963) 216.

R. Pizrruszro AND G. M. Gray, Biockim. Biophys. Acta, 44 (1960) 197.

J. N. Wirriams, JRr, C. E. ANDERSON aAND A. D. Jasix, J. Lz;bzd Res., 3 (1962) 348
K. S. REEE, R R. D Rosario aND L. R, Ducan, Lipids, 2 (1967) 334.

K. OweNs, Biockem. J., 100 (1966) 354.

G. M. GraY, Biochem. J., 77 (1960) 82.
C.V. VisWANATHAN, M. BASILIO S. P, HoEVvET AND W, O. LUNDBERG J. Chromatog 34(1968)

"’4]

S. P. Hoever, C. V. VISWANATHAN AND W. O. LuNDBERG, J. Chromatog., 34 (1968) 195.

D. CHAPMAN, J. Awm. Oil Chewnists' Soc., 42 (1965) 353. ,
H. P. KaAurmanN, S. S. RapwanN AND A. K. S. AumaD, Felte, Seifen, Anstvichmittel, 68 (1966)

261.
K. S. RHEE anDp L. R. DucaN, JR., Anal, Biochem., 19 (1967) 157.
A. Kuxsis, in M. LEpERER (Editor), Chromatographic Reviews, Vol. 8, Elsevier, Amsterdam,

1966, p. 194. :
C. V. ViswanarTHaN, S. P. HoevET AND W. O. LUNDBERG, Felte, Seifen, Anstrichmittel, in

press.
J. Chromatog., 35 (1968) 66-71



