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A method for the complete separation and apparent quanti- 
tative recovery of both phosphatidyl ethanolamine and phos- 
phatidyl serine from lipid extracts of beef brain is presented. 
Evidence for the purity, quantitative recovery, and the suita- 
bility of the technique for the subsequent analysis of the fa t ty  
acid and fa t ty  aldehyde composition of the phospholipids is 
described. 

T 
I-IE COMPLF~TE SEPARATION a n d  quantitative r e c o v -  
e r y  of phosphatidyl ethanolamine and phospha- 
tidyl serine by column chromatography does not 

appear to have been described. Partial separation of 
these phosphatides on silicic acid columns, using the 
technique described by Lea, Rhodes, and Stoll (1), 
has been reported (2,3). Because of our continued 
interest in the effects of lipids on blood coagulation 
and a desire to determine the fat ty acid composition 
of these lipids as they exist in the tissues, we have 
studied paper and column chromatographic techniques 
that would make possible the complete separation and 
quantitative recovery of these phosphatides. The pres- 
ent report describes several paper chromatographic 
systems for the separation of phosphatidyl ethanola- 
mine and phosphatidyl serine and a column chromato- 
graphic procedure, using a combination of silicic acid 
and silicic acid-silicate-water columns for the complete 
separation and quantitative recovery of these two 
phospholipids. The development of rapid paper chro- 
matographic methods for the separation of phospho- 
lipids has been instrumental in the development of col- 
umn chromatographic techniques. All fractions from 
columns have been monitored by paper chromatog- 
raphy, and the successful analysis of the basis for 
separations on paper has led to the development of 
suitable column techniques. 

Dieckert and Reiser (4), Lea, Rhodes, and Stoll 
(1), and Marinetti et al. (5) have described paper 
chromatographic methods for the separation of phos- 
pholipids on silicic acid-impregnated glass fiber and 
cellulose papers. Dieckert and Reiser did not describe 
the behavior of phosphatidyl serine, and the tech- 
nique of Lea et al. did not give satisfactory separation 
of phosphatidyl ethanolamine from phosphatidyl ser- 
inc. Although the Marinetti technique separates phos- 
phatidyl ethanolamine and phosphatidyl serine, the 
development time is long and the solvent mixture can- 
not be used on thick paper. Furthermore the exten- 
sion of such acid solvents to column chromatography 
results in the rapid breakdown of the plasmalogen 
forms of phosphatidyl ethanolamine and phosphatidyl 
serine. 

Materials and Methods 
Solvents and Nitrogen. All solvents were reagent 

grade, and prepurified nitrogen (less than 6 parts per 
million oxygen) was used throughout. All solvent pro- 
portions of mixtures are expressed as volume/volume 
ratios. 

Preparation of Crude Beef Brain Phosphatide. 
Beef brain has proved to be a particularly good 
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source of lipid since it contains large amounts of 
phosphatidyl ethanolamine and phosphatidyl serine 
and is readily available in quantity. Fresh beef brain 
was obtained from the slaughter house within a few 
minutes after removal from the animal, freed of 
blood, and transported to the laboratory over solid 
carbon dioxide. The brain was weighed, chiselled 
into relatively small pieces when frozen, transferred 
to a large Waring Blendor, and homogenized with 
chloroform/methanol, 2/1, in a nitrogen atmosphere. 
For the homogenization a volume in milliliters equal 
to 10 times the weight in grams of the wet brain was 
used. The homogenate was then filtered through a 

�9 coarse-grade, fritted-glass filter, and the residue was 
extracted twice more in the same manner. The chlo- 
roform/methanol extracts were pooled, and suitable 
small aliquots of this original mixture were with- 
drawn and evaporated to dryness under a stream of 
nitrogen and reduced pressure from a water pump. 
The crude solid obtained by evaporation of the orig- 
inal extract was used for chromatography. Prior to 
chromatography the crude extracts were stored in 
desiccators that had been alternately evacuated with 
a vacuum pump and filled with nitrogen three times. 
Such a crude extract contains material that will not 
dissolve in the relatively small volume of chloro- 
form/methanol used for application of the sample 
to the column; however no difficulties were encoun- 
tered when a solution containing dispersed solid was 
applied to the column. 

Formation of Lysophosphatides by the Action of 
Phospholipase A. During the course of this work it 
was necessary to compare the chromatographic migra- 
tion of lysophosphatides with components detected in 
some preparations of phosphatidyl ethanolamine and 
phosphatidyl serine. We have used a modification of 
the enzymatic procedure introduced by Hanahan (6), 
who carried out the reaction in diethyl ether. Rattle- 
snake venom (Crotalus adamanteus) obtained from the 
Ross Allen Reptile Institute, Silver Springs, Fla., was 
used as the source of phospholipase A. A solution of 
the venom (4 mg./ml.) in distilled water was prepared 
immediately before use, and 0.2 ml. of 0.025 M calcium 
chloride was added to each 5 ml. of venom solution. 
A solution of the lipid to be degraded was prepared 
in peroxide-free diethyl ether (Maltinckrodt reagent 
grade obtained in cans) at a concentration of 10 to 
20 mg./ml. In the case of brain lipids any insoluble 
residue was filtered off on Whatman No. 4 filter paper. 
Occasionally when hydrogenated phosphatides were 
examined, their relatively low solubility in ether made 
it necessary to conduct the enzyme reaction with a 
great deal of undissolved solid. The degradation of 
the phosphatides was accomplished by adding 0.2 ml. 
of the venom solution to 5 ml. of the ether solution of 
the phosphatide, followed by incubation at room tem- 
perature. Ordinarily within a few minutes (1 to 10) 
the solution became turbid, and a precipitate of lyso- 
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phosphatide was formed very  quickly. I f  the turbid-  
i ty did not develop quickly, 1 to 5 drops of 0.1 N 
potassium hydroxide were added, and the mixture  
was again observed for several minutes. The addit ion 
of base was continued unt i l  the enzyme reaction pro- 
ceeded at a very  rapid  rate. Some pure  phosphatides 
tha t  contain a great  deal of unsa tura ted  f a t t y  acids 
may  not give a precipi tate  as the lysocompound con- 
ta ining unsa tura ted  f a t t y  acids is relat ively soluble 
in ether. Evidence of reaction in this case is obtained 
by paper  chromatography  of the ether solution ( for  
rapid  determinat ion the phosphate  paper  technique 
with chloroform/methanol ,  4/1, as solvent is used).  
To be sure that  reaction is complete the mixture  can 
be left  for  1 to 4 hrs. at  room temperature .  This tech- 
nique is much more rapid  than  the procedures de- 
scribed in the l i tera ture  as very  high enzyme and 
substrate  concentrations are used. I t  is interest ing 
to note tha t  phosphat idyl  ethanolamine and phospha- 
t idyl  serine of beef brain are quant i ta t ive ly  degraded 
under  these conditions to lysophosphatide. 

Preparation of Paper for Chromatography. \Vhat- 
man Nos. 3 and 3 MM papers  were used. The papers  
were washed by  capi l lary  descent with 2 N acetic acid, 
followed by 95% ethanol. The washing was conducted 
in chromatocabs, and each t rough was filled three 
times with each solvent. Although this washing pro- 
cedure is not absolutely essential for  each of the ap- 
plications to be described, it has been found convenient 
to use one procedure for  all purposes. 

Phosphate  paper  was p repared  as follows. Washed 
W h a t m a n  No. 3 or 3 MM paper  was impregnated  with 
0.5 IV[ disodium hydrogen phosphate or 0.5 M dipotas- 
sium hydrogen phosphate and allowed to d ry  (papers  
should not be heated and then stored in a d ry  at- 
mosphere as some water  is required for  successful 
chromatography) .  The papers  were cut to 7 x 9 in. 
for  chromatography.  The use of this paper  is a modi- 
fication of our previous technique (2). 

W h a t m a n  No. 3 or 3 MS[ paper  was impregnated  
with silicic acid as follows. The washed paper  was 
immersed in a solution of sodium silicate, p repared  by 
di lut ing Mall inckrodt sodium silicate (40-42~ 1/1 
with distilled water.  Each paper  was allowed to stand 
in the sodium silicate for  approximate ly  2 min., re- 
moved, and allowed to drain for  1 to 2 rain. (papers  
must  not be allowed to d ry) .  The wet paper  was 
immersed in 6 N hydrochloric acid sa tura ted  with 
sodium chloride (salt not required with some lots of 
silicate) for  5 to 10 rain., then washed with distilled 
water  unt i l  the p H  of the wash water  was approxi-  
mate ly  5 (to give silicie acid-silicate paper ) .  The 
number  of washes tha t  were required var ied and de- 
pended upon the number  of papers  and the volume of 
wash water  used. The well-washed paper  was hung 
to d r y  at room tempera ture  (dry ing  may  be completed 
at  50 to 60~ although the heat ing step is not essen- 
t ial) .  The pape r  was cut to 7 x 9 in. for  chromatog- 
raphy.  All impregnated  papers  were stored in sealed 
polyethylene bags. 

Paper Chromatography. Descending chromatog- 
r a p h y  was carr ied out in chambers 18 in. high and 
12 in. in diameter  with all solvents except the acetic 
acid mixture.  The chambers were lined with W h a t m a n  
No. 3 pape r  sa turated with solvent and contained 
1 � 8 9  to 2 in. of the solvent mixture  in the bottom of 
the chamber. Before the papers  were inserted in the 
chambers, the paper  liners were sa tura ted  with sol- 

vent poured f rom a beaker, and the chamber was 
quickly closed. Chromatograms were developed with 
acetic acid solvent (see below) in unlined chambers, 
using the ascending technique. 

Phosphate- impregnated papers  were developed in a 
nfixture of chloroform/methanol ,  4/1. The develop- 
merit t ime varied between 15 and 40 rain. The papers  
were inserted into the chamber rap id ly  (10 to 20 
sec.) to avoid dis turbing the atmosphere of the cham- 
ber greatly.  

Silicic acid- impregnated papers  were developed in 
a mixture  of chloroform/methanol ,  4/1, to which 8 
ml. per  liter of concentrated aqueous ammonia were 
added (occasionally 1 g. of ammonium acetate per  
liter was added) or in a mixture  of chloroform/ace-  
tone/acet ic  acid/water ,  p repared  by mixing 4 vol- 
umes of chloroform/acetone,  4/1, and one volume of 
glacial acetic acid/water ,  9/1. The development t ime 
varied between 1 ~  and 4 hrs. 

The Detection of Compon~ds on Paper Chromato- 
grams. Two techniques were used for the location of 
all lipid materials  on paper  chromatograms.  The first 
of these involved the use of 0.001% Rhodamine 6G 
made up in 0.25 M dipotassium hydrogen phosphate.  
The potassium phosphate has been found to in tensi fy  
the colors observed when the wet chromatograms are 
viewed under  ul traviolet  light. D r y  paper  chromato- 
grams were dipped in this dye solution for 5 see. to 
2 min., excess dye was rinsed off under  a s t ream of 
distilled water, and the chromatograms were viewed 
wet under  ul traviolet  l ight f rom a Mineralite lamp. 
The spots were marked with a red pencil that  did not 
smear on the wet paper  (Cosmos red mark ing  pencil) .  

I t  was found that  the p-rosanilin reagent  originally 
prepared  for a Schiff 's test gave a nonspecific stain- 
ing of lipids when freshly prepared.  The reagent  was 
p repared  by adding to 150 ml. of distilled water  0.5 
g. of p-rosanilin (National Aniline, New York) ,  8 ml. 
of concentrated hydrochloric acid, and 5 g. of sodium 
bisulfite. The solution was then diluted to 1 li ter and 
deeolorized by the addition of at  least 6 g. of Norite 
activated charcoal, which was then removed by filtra- 
tion through W h a t m a n  No. 4 filter paper.  A sulfur-  
ous acid wash solution was prepared  tha t  contained 8 
ml. of concentrated hydrochloric acid and 5 g. of so- 
dium bisulfite per  liter. Chromatograms were dipped 
in f reshly-prepared  dye solution unti l  the spots ap- 
peared. Each chromatogram was then washed at  least 
three times with sulfurous acid solution, finally with 
distilled water,  and dried. Purp le  or pink-purple-  
spots were observed with most lipids against  a white 
background. I f  upon exposure to light or on stand- 
ing for  several days a background appeared,  i t  was 
reduced by another  wash with the sulfurous acid 
solution. 

The p-rosanilin reagent  described above may  be 
used as a relat ively specific Schiff 's test for  aldehyde- 
containing phospholipids if it has been allowed to 
s tand in an open t r ay  in the labora tory  for  a few 
minutes. As the reagent  is variable, control samples 
should be run  whenever it is used. 

Unsa tura ted  f a t t y  acids or phospholipids contain- 
ing unsa tura ted  f a t t y  acids were visualized on ehro- 
matograms dipped in 1% potassium permanganate .  
Ninhydrin-posi t ive lipids were located as follows. A 
stock solution of n inhydr in  in n-butanol (1 mg. /ml . )  
was diluted with 2,4-1utidine (20% by  volume) imme- 
diately before use. The reagent  was sprayed on chro- 
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matograms, and the color was developed at 120~ 
for  5 rain. Very  intense n inhydr in  colors were ob- 
tained if  the phosphate or silicic acid papers were 
first dipped in 2 N hydrochloric acid for 2 rain., 
washed in water, and dried before spraying with this 
reagent. 

Preparation of Silicic Acid for Column Chroma- 
tography. M a l l i n c k r o d t  100 mesh si l icic acid fo r  
chromatography in the desired quant i ty  was placed 
in a coarse-grade, sintered-glass filter and washed 
first with three volumes of methanol. The first wash 
was begun by allowing the methanol to pass down 
the d ry  bed of silieic acid in order to force off a yel- 
low impuri ty.  These washes were followed by three 
volumes of chloroform/methanol,  1/1, three volumes 
of chloroform, and one volume of methanol. The 
washing was accomplished under  gentle suction from 
a water pump, and, af ter  the final wash, the silicic 
acid was left  on the filter unti l  reasonably dry. The 
relatively d r y  material  was then t ransferred to a 
three-necked flask and heated at 115 to 140~ under  
suction (water pump) and a stream of nitrogen to 
dehydrate  and remove oxygen. A mixture of chlo- 
r o f o r m / m e t h a n o l ,  4/1,  t h a t  had  been p r e v i o u s l y  
thoroughly deoxygenated by removing dissolved gases 

" under  reduced pressure (water pump) and passing 
nitrogen through the mixture was poured into the 
flask, and the contents were then t ransferred to a 
glass-stoppered bottle. 

Column Chromatography. Column chromatography 
was carried out in tubes 2.5 x 40 cm. equipped with 
a sintered-glass disk at the bottom. Enough of the 
washed silieic acid (about 60 g.) in ch loroform/meth-  
anol, 4/1, was t ransfer red  to the chromatography 
tube to give a height of 20 centimeters. The columns 
were run  under  a nitrogen pressure of approximately 
1 to 2 lbs./sq, in. at a flow rate of 2 ml./min. 

The sample, consisting of no more than 0.4 g. of 
crude beef brain lipid, was applied to columns in 5 ml. 
of the solvent to be used for chromatography. 

Fract ions from a column were followed dur ing the 
course of development with a rapid n inhydr in  test, 
carried out as follows. Where chloroform/methanol  
alone was used as the eluting solvent, 0.1 ml. of the 
fract ion from the column was mixed with 0.1 ml. of 
the n inhydr in  reagent and 0.1 ml. of 2,4-1utidine in 
a 2-ml. tapered centrifuge tube and was heated in a 
sand bath maintained at 150 to 190~ The tube was 
rotated rapidly,  removed periodically, and tapped 
with the finger to prevent  bumping. Color develop- 
ment required from 1 to 3 rain. This rapid test 
makes possible a change of solvent when a given 
component has been eluted without collection of a 
large number of intermediate fractions. I t  is particu- 
lar ly  useful when new elution techniques are under  
study. When the column effluent contained ammonia 
the aliquot was first evaporated to dryness in a sand 
bath, the n inhydr in  and lutidine were added, and 
color was developed as before. Af ter  completion of 
a run, the quanti tat ive hydroxamic acid procedure 
for the determination of esters described by Rapport  
and Alonzo (7) was carried out on each of the frac- 
tions, using 0.5 to 1.0 ml. aliquots. 

Results and Discussion 

The separation of phosphatidyl  ethanolamine and 
phosphatidyl  serine was readily accomplished with all 
paper  chromatographic systems. The phosphate paper 

system was par t icular ly  useful for  the identification 
of amino phosphatides as phosphatidyl  ethanolamine 
migrated near ly  to the solvent front,  lysophosphatidyl 
ethanolamine usually migrated with an 1~ value of 
approximately 0.5, phosphatidyl  serine migrated with 
an Rt of approximately 0.15, and lysophosphatidyl 
serine either remained at the origin or moved a very  
small distance from the origin. These phosphatides 
were located with the n inhydr in  reagent. 

As the paper  chromatographic techniques were ca- 
pable of yielding separation of phosphatidyl  ethan- 
olamine and phosphatidyl serine, at tempts were made 
to extend them to column procedures. Attempts to 
use Baker 's  anhydrous disodium hydrogen phosphate 
were not successful, and this was the first indication 
that hydra ted  salts were required for successful sep- 
arations on paper and columns. Although phospha- 
tidy[ ethanolamine and phosphatidyl  serine were sep- 
arable on hydra ted  sodium or potassium phosphate 
columns, the use of hydra ted  silicic acid-silicate co l  
umns was found to be simpler. 

Af ter  various trials with hydra ted  silicic acid-sili- 
cate columns alone and in combination with silieic 
acid columns, the following procedure was judged the 
most suitable for the isolation of pure phosphatidyl 
ethanolamine and phosphatidyl  serine from crude beef 
brain lipid. A silicic aeid column 20 era. high in the 
2.5-em. tube was prepared in chloroform/methanol,  
4 /1 ;  the sample (no more than 0.4 g.) was applied 
in the same solvent; and the column was eluted with 
the same solvent according to the technique of Lea, 
Rhodes, and Stoll (1). The amino phosphatide frac- 
tion recovered from this column was a mixture  of 
phosphatidyl  ethanolamine and phosphatidyl  serine. 
I t  was absolutely essential that  the entire fract ion be 
collected without loss. This was necessary for quan- 
ti tative recovery, also because the ratio of phospha- 
t idyl ethanolamine to phosphatidyl  serine was found 
to va ry  in different portions of the peak. Ten-ml. 
fractions were collected in glass-stoppered centrifuge 
tubes, and immediately af ter  collection a 0.1-ml. ali- 
quot was withdrawn for the n inhydr in  test and a 0.5 
or 1.0-ml. aliquot for the hydroxamic acid ester test;  
0.1 ml. of concentrated ammonia was added to the 
fract ion;  and each tube was bubbled with nitrogen, 
stoppered, and stored at 0~ The addition of am- 
monia was found to prevent  decomposition of the 
ethanolamine plasmalogen. The pooled fractions were 
evaporated immediately af ter  collection at 0 ~ to 10~ 
under  a gentle stream of nitrogen and reduced pres- 
sure from a water pump. The d ry  solid was trans- 
ferred to a desiccator that  was flushed at least three 
times with nitrogen and stored at --20~ prior to 
the next column separation. For  the separation of 
the amino phosphatides a second column 20-em. high 
was prepared in chloroform/methanol,  4/1, as before, 
the solvent was washed out with exactly 70 ml. of a 
chloroform/methanol /ammonia mixture  that  was pre- 
pared by adding 10 ml. of concentrated aqueous am- 
monia to 1 liter of the chloroform/methanol,  4/1, 
mixture. The mixture  of phosphatidyl  ethanolamine 
and phosphatidyl  serine was then dissolved in 5 ml. 
of chloroform/methanol,  4/1, applied to the column, 
and elution of phosphatidyl  ethanolamine was accom- 
plished with chloroform/methanol,  4/1. The phospha- 
t idyl ethanolamine peak emerged sharply as the first 
fraction, and, when complete collection was assured 
by the fact that  the n inhydr in  test was negative for 
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several fractions, absolute methanol was added to the 
column for the elution of phosphatidyl serine. The 
results of such a run are shown in Figure 1. 

The hydrated silicic acid-silicate column run was 
carried out with a mixture of the two amino phos- 
phatides previously freed of other lipids because, when 
the total crude lipid was applied to the hydrated eel- 
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FIG. 1. Separation of a mixture of phosphatidyl ethanola- 
mine (A) and phosphatidyl serine (B) on a silicic acid-silicate- 
water column. Each fraction was 10 ml., and the collection of 
the first fraction was begun when the sample was applied to the 
column. Ester 0.D. refers to the optical density determined by 
using the hydroxamic acid color reaction. 

umns, phosphatidyl serine, aIthough separable from 
phosphatidyl ethanolamine, was not completely sep- 
arated from other phosphatides. 

The fact that the fractions were indeed phospha- 
tidyl ethanolamine and phosphatidyl serine and thai 
each fraction was entirely free of contamination by 
the other phosphatides was established as follows. 
Chromatographic migration characteristic of phos- 
phatidyl ethanolamine and phosphatidyl serine was 
established on silicic acid- and phosphate- impreg-  
nated papers by eomparison with synthetic compounds 
obtained from Erich Baer. The characteristic migra- 
tion on silieie acid-silicate and phosphate papers is 
shown in Figure 2. These chromatograms demon- 
strate the high degree of puri ty of the phosphatidyl 
ethanolamine and phosphatidyl serine in fractions 
from the hydrated silieic acid-silicate columns. No 
trace of phosphatidyl serine was found in the phos- 
phatidyl ethanolamine fraction, and no phosphatidyl 
ethanolamine was found in the phosphatidyl serine 
fraction. The complete absence of lysophosphatides 
in the two fractions was also demonstrated. A trace 
of an oxidation product in phosphatidyI serine can be 
observed in Figure 2A. This developed on standing 
prior to paper chromatography. 

The exposure of preparations to air brings about 
several changes in the chromatographic migration on 
phosphate paper. In the early stages of oxidation a 
spot migrating just behind phosphatidyl ethanolamine 
was observed to appear in the phosphatidyl ethanola- 
mine f r ac t ion  while more extensive oxidat ion was 

A B 

PE B O 

t'S 

1 4 s 4 ;  
F~G. 2. Demonstration of purity of phosphatidyl ethanola- 

mine (PE)  and phosphatidyl serine (PS) from a silicic acid- 
silicate column. (A) Silieie acid-silicate paper, developed in 
chloroform/methanol, 4/1, containing 10 ml. of concentrated 
aqueous ammonia and 1 g. of ammonium acetate per liter (run- 
ning time about 2 hrs.). (B) 0.5 M disodium hydrogen phos- 
phate paper with chloroform/methanol, 4/1, as solvent (run- 
ning time about 20 rain.). Both cbromatograms sprayed with 
ninhydrin. (1)-(3) 1.50, 300, 150 tLgm. PE,  respectively. (4A) 
50 t~gm. PS, (4B) 50 tLgm. lysophosphatidyl ethanolamine 
(LPE) ,  (5) starting mixture of beef brain P E J - P S  applied 
to the column. In (A) the absence of PS in PE  and PE in PS 
preparations is shown. In (B) the absence of both LPE and 
PS in the PE  is demonstrated. LPE migration was not as 
far  as was commonly obtained on similar ehromatograms. 

indicated by the presence of progressively larger 
amounts of material that streaked back or did not 
migrate from the origin. Simi]arly the phosphatidyl 
serine fraction upon oxidation showed a spot migrat- 
ing behind phosphatidyl serine, and with more ex- 
tensive oxidation, material that did not migrate from 
the origin. On silicic acid-silicate papers one of the 
oxidation products of phosphatidyl ethanolamine mi- 
grated to very nearly the same position as ]ysot)hos- 
phatidyl ethanolamine while some of the oxidation 
products migrated with or overlapped with phospha- 
tidyl ethanolamine. The fact that these substances 
were oxidation artifacts was demonstrated by the 
failure to find such substances when oxygen was rig- 
idly excluded and by the finding that the l)roducts 
could be distinguished chromatographically from the 
l)arent phosphatide and the lysophosphatide produced 
from the parent compounds by de~radatlon with snake 
venom phospholipase A. 

Fur ther  proof of the purity of the phosohatidyl 
ethanolamine and phosphatidyl serine fractions was 
obtained by examination of hydrolysis products. Acid 
hydrolysis was carried out by rflaeing 20 to 50 rag. of 
the phosphatide and 3 ml. of 3 N HC1 in a sealed 
tube, followed by heating to 100~ for 6 to 12 hrs. 
This procedure is similar to that used by Levine and 
Chargaff (8). After hydrolysis the free fat ty acids 
were extracted into petroleum ether, and the water- 
soluble hydrolysis products were recovered after evap- 
oration of the aqueous phase to remove acid. dissolved 
in water, and applied to Whatman No. 1 ~aper. For 
the demonstration of the absence of serine in hy- 
drolysates of phosDhatidyl ethanolamine an amount 
of hydrolysate calculated to contain from 100 to 500 
~gm. of ethanolamine was aoDlied to a single spot 
while for the demonstration of the absence of ethan- 
olamine in the ~ohos~hatidyl serine hydrolysate an 
amount of hydrolysate eauivalent to 100 to 200 ~ m .  
of serine was applied. Chromatograms were devel- 
oped in phenol saturated with water or in lutidine 
saturated with water. Figure 3 indicates the type of 
result obtained by such chromatographic examina- 
tions. Figure 3A demonstrates the absence of free 
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Fro. 3. Acid hydrolysis products of phosphatidyl ethanola- 
mi~e (PE) and phosphatidyl serine (PS). (A) :Phospho]ipid 
before hydrolysis, chromatograms developed with lutidine satu- 
rated with water and sprayed with ninhydrin. (1)-(4) 50, 100, 
200, 400 ~gm. of PE plus PS (a). (5) 10 ggm. each of ethan- 
olamine (b) and serine (c). Note the absence of free amino 
acids in the phospholipid sample. (B) Water-soluble acid hy- 
drolysis products of a mixture of PE plus PS. 1, 2, 3, from 0.7, 
1.25, u~d 2.5 nags. of :PE + PS, showing ethanolamine (a) and 
serine (b). Chromatogram developed in phenol saturated with 
water and sprayed with ninhydrin. (C) Water-soluble hydroly- 
sis products from brain PE. 1, 2, 3 from 1.25, 2.5, and 5.0 rag. 
of PE, showing ethanolamine (a) and unknown products b, e, 
d, and e. Chromatography as for B. 

amino compounds in the fract ions pr ior  to hydroly-  
sis. F igure  3B demonstrates  the presence of both 
ethanolamine and se r ine  in phosphat idyl  ethanola- 
mine-phosphat idyl  serine mixtures  isolated f rom si- 
licic acid columns and applied to the hydra ted  silieic 
acid-silicate columns. F igure  3C demonstrates  the 
absence of serine in the acid hydrolysate  f rom the 
phosphat idyl  ethanolamine that  was isolated f rom 
silieic acid-silicate-water columns. I t  is interest ing 
to note tha t  traces of unidentified n inhydr in  positive 
compounds were invar iably  found in the phosphat idyl  
ethanolamine hydrolysate  when amounts of hydroly-  
sate corresponding to 2.5 to 5.0 rag. of phospholipid 
were applied to paper.  These substances are present  
in amounts  below 1% if we assume tha t  the average 
limit of detectibil i ty of slightly less than 1 u,omL 
pertains  to these substances. I t  is not known whether  
these n inhydr in  positive compounds represent  arti-  
facts or are present  as a result  of the hydrolysis  of 
some very  minor lipid present  in beef brain. 

We have previously reported tha t  phosphat idyl  
ethanolamine and phosphat idyl  serine are rapidly  
destroyed by exposure to air. The extent of oxidation 
may  be related to the molar  extinction coefficients at  
235 and 275 m~ as suggested by  Lea (9). For  this 
determinat ion to be meaningful  the lipid must  dis- 
solve completely in cyclohexane. As oxidation in- 
creases, insoluble mater ial  appears  and absorption in 
the ul traviolet  may  not be reliable. Our  best prep-  
a r a t i o n s  of  p h o s p h a t i d y l  e t h a n o l a m i n e  had  m o l a r  
extinction coefficients of 486 and 109 at 235 and 275 
m~, respectively. Our best prepara t ions  of phospha- 
t idyl  serine had  molar  extinction coefficients of .308 
and 84 at 235 and 275 m~, respectively. The values 
for phosphat idyl  ethanolamine were very  close to those 
repor ted  by  Lea (550, 250} for  egg yolk phosphat idyl  
ethanolamine tha t  was obtained under  oxygen-f ree  
conditions by  silicic acid column chromatography  and 
a f te r  storage under  ni t rogen for  one day. Lea did not 
repor t  values for  phosphat idyl  serine as the egg phos- 
pholipid did not contain this phosphatide. 

Table I demonstrates  the reproducibi l i ty  of the 
recovery of both phosphat idyl  ethanolamine and phos- 

TABLE I 
Recoveries of Amino Phospholipids from Silieie Acid a~d 

Silicic Aeid-Silicate&Vater Columns 

SiticieAeid 

I Wt. I 
sample 
(m~.) I 
264.3 I Brain 1 460.0 

Brain 2 307.0 
322.0 

_ Silieie Acid-Silicate-Water 

Recov- Wt. P E r e -  ! PS re -  Recov- 
ered a ! sample covered covered a ery 
(rag.) (rag.) ( r a g . )  I (rag.) (%) 

v2.5 71.8 - - I s o . 3  / 1--7~-.5 t 9v.2 
106.0 105.0 76.5 / 29.2 ] 100,7 

75+ + , 5  +40 +0. ,  
70+  45, 5 4 6 ,  20+,10 2 

a Corrected for amount  removed for ninhydrin and hydroxamic acid 
ester tests. 

PE ~ phosphatidyl ethanolamine, PS ---- phosphatidyl serine. 

phat idyl  serine f rom two crude beef brain  lipid prep- 
arations. Table I I  shows the recovery of crude l ipid 
and the percentage of phosphat idyl  ethanolamine and 
phosphat idyl  serine. The close correspondence of 
replieate runs  on the same lipid extract, as well as 
the close correspondence of extracts  p repared  from 
different beef brains, demonstra ted the reproducibi l i ty 
of the procedure and indieated that  it was probable 
that  the isolation was essentially quanti tat ive.  An- 
other indication of the quant i ta t ive na ture  of the 
isolation of the two phosphatides was obtained by  
the s tudy  of the mater ia l  eluted f rom silicic acid 
columns af ter  the collection of phosphat idyl  ethanola- 
mine and phosphat idyl  serine. Af te r  phosphat idyl  
serine and phosphat idyl  ethanolami~e had been eluted 
with a mixture  of chloroform/methanol ,  4/1, residual 
l ipids were removed f rom the column with methanol.  
Recoveries of 98-102% of the weight of mater ial  ap- 

TABLE I I  
Comparison of Recoveries from Amino Phospholipids 

from Two Beef Brains 

Total I Total wt. % PE % PS P E / P S  
wet wt.(g.) crude lipid(g.) I (wet wt,) (wet wt.) 

Brain l " 3 7 ~ i  45.1 ~ I ~ - - -  0 . ~ q 3  ' 2.60 
Brain 2 379 I 57.0 I 2 67 1 01 ~ 2.64 

a Total crude lipid, lower in Brain 1 as a methan~l-water layer $hat 
deveIoped during e• was discarded after it was shown that  it 
did not contain amino phospholipid. 

PE ~ phosphafidyl ethanolamine, PS ---- phosphatidyl serine, 

plied to the columns was obtained by adding the 
weights of the neutral  l ipid fract ion that  appeared  
ahead of the amino phosphatides, the phosphat idyl  
ethanolamine plus phosphat idyl  serine fraction, and 
the methanol eluate when the figures were corrected 
for  insoluble mat te r  that  remained at  the top of the 
column. Pape r  chromatographic  examination of the 
methanol  eluate for phosphatidyI ethanolamine and 
phosphat idyl  serine failed to disclose the presence 
of even traces of these substances, and quanti ta t ive 
i s o l a t i o n  was  t hus  i n d i c a t e d .  U n f o r t u n a t e l y  t he  
amounts  of phosphat idyl  ethanolamine and phospha- 
t idyl  serine in beef bra in  have not been determined 
by  other methods. Chargaff  et al. (10) have how- 
ever determined the amount  of ethanolamine present  
in beef brain lipid by  isotope dilution, and it is pos- 
sible to calculate f rom their  data that  the phospha- 
t idyl  ethanolamine to phosphat idyl  serine molar  ratio 
was 2.75 for their  prepara t ion  of beef brain lipid. 
This is in good agreement  with our values of 2.60 
and 2.64 which were obtained by isolation. I t  is also 
to be  noted that  the values obtained in the present  
s tudy  are very  close to those calculated f rom the 
data  of Collins and Wheetdon (11), who determined 
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ethanolamine and serine in brain lipids by a dinitro- 
fluorobenzene technique. When their data were calcu- 
lated as a phosphatidyl  ethanolamine/phosphatidyl  
serine molar ratio, values of 2.90 for ra t  brain and 
2.70 for sheep brain were obtained. 

The technique described above appears to be suit- 
able for  the quanti tat ive isolation of phosphatidyl  
ethanolamine and phosphatidyl  serine for the subse- 
quent determination of the amounts of f a t ty  acids 
and f a t ty  aldehydes present in these phospholipids. 
I t  is to be noted that  the crude solid obtained by 
evaporation of the original extract  was used for chro- 
matography. Such a sample will allow an accurate 
determination of the amount  of phosphatidyl  ethan- 
olamine and phosphatidyl  serine in the original brain 
specimen, and the exact ratio of the two substances 
can be determined. The use of acetone precipitation 
or other forms of prel iminary purification of the 
crude extract  may result  in variable losses. 

A,dde~tdum. Since this work was completed, we have 
obtained values for  phosphatidyl  ethanolamine in 
beef brain by an independent  method, using diethyl- 
aminoethyl cellulose for column chromatography.  The 
fresh brain was found to contain 2.36% phosphatidyl  
ethanolamine by ion exchange cellulose chromatog- 
r aphy  compared to 2.42 and 2.67% determined for 
two other beef brains as described above. The close 
agreement of the values obtained by  two independ- 
ent methods on different beef brain samples is a 

fu r the r  indication that the techniques of extraction 
and chromatographic separation are reproducible and 
quantitative. 

The experience of several investigators with our 
method has demonstrated that  a common difficulty is 
f ragmentat ion of silicic acid during prel iminary wash- 
ing and drying. Gentle handling will assure minimnm 
mechanical trauma. Unnecessary st irr ing and shaking 
can cause the silieic acid bed to pack so firmly that  a 
suitable flow-rate cannot be obtained. 
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Properties of Cottonseed Meals Prepared with Acetone- 

Petroleum Ether-Water Azeotrope I 
WILLIAM H. KING, JAMES C. KUCK, and VERNON L. FRAMPTON, 
Southern Regional Research Laboratory, 2 New Orleans, Louisiana 

E 
VIDENCE from the most recent studies on the nu- 

tri t ive quali ty of cottonseed meals indicates that  
the most important  factors affecting the nutri-  

tive quali ty of the meals as protein supplements for  
nonruminant  feedings are the total gossypol and the 
lysine contents of the meals (1).  The two effects arc 
additive ; the nutr i t ive quali ty is direct ly proport ional  
to the lysine content and inversely proport ional  to 
the total gossypol content. I t  is possible, on the 
basis of the lysine and gossypol contents of cotton- 
seed meals, to predict,  with a reasonable degree of 
accuracy the growth response of broilers, perhaps also 
of swine, receiving cottonseed meals of known total 
gossypol and lysine contents. 

Research to test fu r the r  the hypothesis that  cotton- 
seed meals may  be graded in this way is continuing, 
and there has been included in this research effort the 
preparat ion of cottonseed meals with low total gossy- 
pol and high lysine contents. 

Whether  oil is pressed out of cottonseed or removed 
by extraction with an oil solvent, cottonseed meats 

1Presen te8  at the 51st Annua l  Heet ing,  Amer ican  Oil Chemists' 
Society, Dallas, Tex., Apri l  4 -6 ,  1960. 

2 One of the laboratories of the Southern Utilization Research and 
Development Division, Agricultural Research Service, U. S. Department 
of Agricul ture .  

are usually subjected to pretreatments  to enhance the 
extractabil i ty of the oil, to reduce the "fines" prob- 
lem, and to bind gossypol. In most of the pretreat-  
ments of cottonseed meats the moisture content is at 
least that  present in the natural  seed, and the tem- 
peratures  are increased to 212~ or more. The meats 
are usually held at these elevated temperatures  for  
at least 30 min. While this type of pre t reatment  usu- 
ally brings about an improvement in the extractabili ty 
of the oil, it causes a par t  of the gossypol to become 
bound to the meal and it also brings about the de- 
struction of a par t  of the lysine in the meal protein. 

Lysine in cottonseed is heat-labile (2,3,5), and the 
quantities found in cottonseed meal proteins are in- 
variably less than those found in the proteins of the 
raw seed. The wide variation of the lysine content 
(ca. 2-3.8 g. per 16 g. of nitrogen, as determined 
through the use of dinitrofluorobenzene) of the pro- 
teins in commercial cottonseed meals occurs because 
of the wide variat ion from mill to mill in the quan- 
t i ty  of heat applied to, the moisture content of, and 
the temperatures  reached in the seed while being proc- 
essed for oil. Fur thermore  gossypol becomes bound in 
the meal while the cottonseed is being processed for 


